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FOREWORD

The United States Department of Energy, Oak Ridge Field Office, and Martin Marietta Energy Systems, Inc.,
are co-sponsoring this Second International Conference on Uranium Hexafluoride Handling. The conference is
offered as a forum for the exchange of information and concepts regarding the technical and regulatory issues
and the safety aspects which relate to the handling of uranium hexafluoride. Through the papers presented
here, we attempt not only to share technological advances and lessons learned, but also to demonstrate that
we are concerned about the health and safety of our workers and the public, and are good stewards of the
environment in which we ali work and live.

Increasing levels of environmental awareness and concern on the part of the general public, as well as
increasingly stringent governmental controls and regulations, piace every greater emphasis on the need for
safety in handing and processing of uranium hexafluoride in ali phases of the nuclear fuel cycle. The
increasingly restrictive public climate in which the industry operates requires that we maintain a continuing
scrutiny of our operations, procedures, and attitudes, and that we demonstrate continuing improvement in ali
aspects of safe handling of uranium hexafluoride. The present conference is a step in that direction.

These proceedings are a compilation of the work of many experts in that phase of world-wide industry which
comprises the nuclear fuel cycle. Their experience spans the entire range over which uranium hexafluoride is
involved in the fuel cycle, from the production of UFe from the naturally-occurring oxide to its re-conversion to
oxide for reactor fuels. The papers furnish insights into the chemical, physical, and nuclear properties of
uranium hexafluoride as they influence its transport, storage, and the design and operation of plant-scale
facilities for production, processing, and conversion to oxide. The papers demonstrate, in an industry often
cited for its excellent safety record, continuing efforts to further improve safety in ali areas of handling
uranium hexafluoride.

C. R. Barlow, Co-Chairman
Martin Marietta Energy Systems, Inc.

J. R. Russell, Co-Chairman
DOE Field Office

Conference Staff
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ASPECTS OF URANIUM CHEMISTRY PERTAINING
TO UF6 CYLINDER HANDLING

R. L. Ritter and E. J. Barber

Uranium Enrichment Organization
Martin Marietta Energy Systems, Inc.

Oak Ridge, Tet_nessee USA

DWGNOK,_ 82.2301

ABSTRACT 10o.0oo-- CRITICAL POINT 230 20C
-- 45.5 atm

Under normal condit;ons, the bulk of UF6in :
storage cylinders will be in the solid state with an LIQUID
overpressure of gaseous LIFewell below one ,oooo
atmosphere. Corrosion of the interiorof the _ SOUD

cylinder will be very slow, with formation of a =- ,w" TRIPLEPOINT:64.02°C
small amount of reduced fluoride, probably U2F9. _ 1,000 _ 1.497atm

The UO3-HF-H20 phase diagram indicates that _ /SUB__O,Nr: ,%._;c
reaction of any inleaking water vapor with the /solid UF6 will generate the solid material 10o
[H30]2(U(OH)4F4)in equilibrium with an aqueous / _ON. ANDGRISARD(REF1)

m -- CALC. oTto = TIAV.._._)= 0.0439 deg/atm
HF solution containing only small amounts of _P _,
uranium. The corrosion of the steel cylinderby o I Ill i i ii I I II I I II I II I I I I I
these materials may be enhanced over that 0 50 TEMPERATURE.100150oc 200 250
observed with gaseous anhydrous UF6.

Fig. 1. UF, phase diagram.

NOMENCLATURE
The phase diagram for pure UF6, in which the

R Rate of penetration of steel by UF6 logarithm of the pressure is shown as a
corrosion, mil/day function of temperature, is presented in Fig. I;

the data shown are those of Oliver et al.(2)
T Temperature, K Several important points can be made from this

diagram. At room temperature, UF6is a solid
which exhibits a small but significant vapor

INTRODUCTION pressure, about 80 torr. The sublimation
temperature (the temperature at which the vapor

Uranium hexafluoride (UF_) is employed in many pressure of the solid :,s one atmosphere) is
phases of the nuclear industry. Therefore, we 56.4°12.The relatively high vapor pressure of
should be familiar with any physical or chemical UF_ makes it by far the most volatile uranium-
properties which affect safe use and storage of cow :-ing compound known, which is, of
this material. The basic physical and chemical course, the principle reason that UF6 is
properties of UF6 were summarized by Barber(l) employed in most of the world's uranium
in a paper presented at this conference three years isotopic enrichment plants. At temperature and
ago, so these will not be considered in deta_._in pressure conditions above those of the triple
this paper. However, a few of the most important point, (the point at which solid, liquid, and
of these basic properties will be briefly discussed vapor can ali coexist and which occurs for UF_
to serve as an introduction for the remaining at 64.02°C and 1.497 atmospheres), a liquid
material to be presented.



4 Uranium Hexafluoride Handling

phase can exist up to the critical temperatureof hydrolyzed in air to form a mixture of uranyl
230.20C, above which point the liquid and vapor fluoride and UF4as shown by the reaction
phases cannot be distinguished. Thus, for UFe to
exist in the liquid state, the pressure, of necessity, 2UF5 + 2H20 _
must be in excess of 1.5 atmospheres, so that if a UO2F2 + U-F, + 4HF. (3)
defect, such as a crack or a hole, is produced in
the containerwall the result will be primarily Under anhydrous conditions, the r_aterial
outleakage of the UFe. On the other hand, when eventually comes to equilibrium with UFe and
the material is handled at temperatures below the UF4as shown by the disproportionation
sublimation temperature,the bulk of the UFe will reaction
be in the solid state and the cylinder pressure will
be below atmospheric. Under 0:ese conditions, 2UFs(s) ,* UF,(s) + UFe(g). (4)
inleakage of the ambient air will be the primary
flow path throughany defects which might Solid uranium enneafluoride, U2Fg,is a black
develop in the container wall. solid material, mistakenly thought when f'wst

prepared to be a crystal modification of UF4

L1Fe is a very stable material in the vapor state, and hence termed "black UF4." It is formed
with an extremely low fluorine dissociation under appropriatepressure and temperature
pressureof about 10"3°atm at 400 K in conditions by the reactionof LIFewith UF4and
equilibriumwith solid uranium pentafluoride(3), also in the corrosion of certain metals by UFe.
as given by the reaction lt possesses a cubic crystal structure and, like

UF5, is hydrolyzed in air, but at a significantly
2UF_(g) ,, 2UFs(s) + F2(g). (1) slower rate. Under anhydrous conditions, U2F9

will, like UF5, come to equilibrium with the

As a result, UFe is a relatively mild fluorinating eventual end productsUFeand UF4.
:_ent, but, because of its strong chemisorption on
most surfaces, its reaction rate with these Solid O4Ft_is also black; the material is not
materials is greater than might otherwise be well characterized, although it is known to
expected. Thus, UFe is an oxidizing agent toward possess a unique diffraction pattern and
metals such as nickel as given by the reaction apparently has a distorted UF4 crystal geometry.

lt also will disproportionate, unde,:"anhydrous

2UF_(g) + Ni(s) --->2UFs(s) + NiF2(s). (2) conditions, into LIFe and UF4.

While this reaction indicates the reduced uranium Any of the three reduced fluorides can be
fluoride to be UFs, in actuality the reduced produced by the reaction of LIFe with UF4
fluoride formed depends on the L1Fe pressure, the under the proper pressure-temperature
temperature, and the specific metal involved, and conditions. Similarly, the disproportionation of
may be any of a series of reduced fluorides, the materials occurs in a step-wise fashion
including UF5, U2F9,U4F!T,or UF4. shown by the following series of reactions:

3UFs(s).. o_9(s) + OFt(g) (5)
REDUCED URANIUM FLUORIDES 7U2Fg(s) ,' 3U4FtT(s) + 2UFe(g) (6)

2U4Fl_(s) ,* 7UF4(s) + UFe(g). (7)
Solid uranium pentafluoride, UFs, exists in two
allolropic forms, commonly designated ¢x-UF5 and The equilibrium pressures of LIFe in this series
I_-UFs,with the transition temperatu_ being about of dissociation reactions have been determined
125°C; ot-UF5 is the higher temperature form of by Agron(4), from whose data Fig. 2 has been
the material. Both allolropic forms have a developed. In this diagram, the logarithm of the
tetragonal crystal structure with different unit cell LIFe pressure is shown as a function of the
dimensions. In the anhydrous state, the material temperature in *C. Formation of UF5 is favored

is light blue to almost white, raid is rapidly at higher pressures and lower temperatures,
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with I_-UFsformed at temperatures below 125°C characterize. The corrosion rate can vary widely
and _-UF s formed at temperatures above this for different melts of supposedly the same
point. Formation of the various other reduced composition, and it is also strongly influenced
fluorides is favored by lower pressures and higher by the mechanical working of the surfaces, for
temperatures. Under any reasonable conditions of example, in rolling operations. In fact, widely
storage of UF_-containing cylinders, this diagram different corrosion rates have been measured on
indicates that the reduced fluoride expected to be opposite sides of the same test coupon.
formed by reaction of UF+with the cylinder walls Nevertheless, an equation has been developed
would be UFs. which seems to give at least a good

approximation of the corrosion rate of 1020 or
A-516 steel; this relationship is given by
equation (8)

In R = 22.2712 - 12380/T (8)

where T is the temperature in K and R is the
........ steel penetration or corrosion rate in rail/day.

,0oo Using this equation, the time required to
,oo ,_.uF5 _ penetratethe 5/16-in wall of a UF+storage

,0 _u_5 __ cylinder at 70"12(assumed to be the maximum

temperatureexperienced by such a cylinder
,0 when exposed to direct rays of the sun) is on

01 - u_F_ the orderof a million years. Thus, there is little

I reason to be concerned about the internal

001 I corrosion of steel storage cylinders by

o.ool anhydrous UF_.
O.0001

o.ooooi t , , , z/, , , , , J i
0 2s 50 r5 10o,25 ,so ,Ts 20o2.2.52_ 2753o0 REACTION OF UF+ WITH WATER

TEMPERATURE (*C) VAPOR

Fig. 2. Reduced uranium fluoride equifibrium.
The reaction representing the hydrolysis of UF6
is usually written in the form

However, the UF_ pressure and temperature are
not the only factors determining the reduced UF6 + 2H20 ,' UO2F2 + 4HF. (9)
fluoride formed, but, as mentioned above, the
specific metal involved also must be considered. This equation is probably valid, as far as the
For example, in gaseous diffusion cascade end products are concerned, for the reaction of
equipment, U2F9has consistently been identified gaseous UF_ at high temperatures. Actually, to
as the reduced fluoride formed on steel surfaces avoid the necessity of the three body collision
under conditions in which the equilibriam requiredby equation (9), the mechanism
diagram would predict formation of UFs. probably involves the formation of an

intermediate species, for example, as described
by lhe reaction

CORROSION OF STEEL BY GASEOUS UF+
UF6 + H,O ,. UFsOH + HF. (10)

The corrosion rate of steel surfaces by gaseous
UF+is difficult to quantify, since the corrosion However, equation (9) certainly does not
rate is influenced not only by the composition of adequately describe the reaction of water vapor
the specific alloy underconsideration, but also by with solid UF6. The phase relationships in the
other factors which are often difficult to UO3-HF-H20 system have been reportedby
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Buslaev et al(5) at 20"C, and in the The line AF in Fig. 3 represents the products
UO2F2-I-IF-H20system by Kunin(6) at 25"12.The resulting from complete hydrolysis of UF_, i.e.,
resulting phase diagrams in each of these studies the line representing a constant ratio of I-IF:U
were reported on a weight % basis, and on this of 6:1. The first meaningful event on this line
basis the results were difficult to relate to each occurs at point B, where the solid phase of
other. However, if both sets of data are rust composition (4) is formed in equilibrium with
converted to a mole % basis, and the data of essentially anhydrous liquid HF. As the water
Kunin further converted to a UO3-I-IF-H20basis, content increases further, varying amounts of
the data are in excellent agreement with each this solid material remain in equilibrium with
other and a meaningful interpretation of the increasingly dilute aqueous HF solutions, until
results becomes possible. The results of such an point C is reached. Upon further water addition,
exercise are shown in Fig. 3. the concentration of the HF solution remains

constant while the solid of composition (4) is
converted to composition (3), U(OH)+F2;the
conversion is complete at point D. Addition of

0 ;00 °.... ....... further water produces more dilute HF solutions

and higher uranium solubilities, with ali of theuranium in solution at point E.
20/- --Xa0

/ X___7, These results will change the steel corrosionell'l/_

? _ rates significantly from the very low rates
o,,_40/-- -_6o _ discussed above for corrosion by gaseous UF6.

I \ ?
s0/L 20_o;2.u._c.ff,_.Hoo\S0%. Manuta(7) has shown that acidic hexavalent

.p_- "- - \ -¢_.. uranium solutions are reduced to U'F, by iron,
with the iron being oxidized to either the
ferrous or ferric state. Thus, a possible

y / _(_:43_HF.3H2_0 corrosive reaction might be

E O e . a . . --_0 UF,'2.5H20 + 2FeF3.3H20 + 4.5H20.(11)
100F k'=-.'-F , _ 1 I 1 I I _-\ 0

0 10 20 30 40 50 60 70 80 90 100

HF (moP/,) SOLUBILITY OF URANIUM IN

Fig. 3. Phase diagram of the UOs.HF-H20 AQUEOUS HF

system. From the data shown in Fig. 3, the solubility of
uranium in aqueous HF solutions can be

Four distinct solid phases, as identified by determined. The results are shown in Fig. 4,
Buslaev et al, are shown in the diagram, with
compositions as follows: ........

20oo I lo o Data of Bu_v
(l) UO3"2H20,or UO2(OH)2.H20; _ _ • o.tao,Ku.+.

(2) 2UO3"2HF'H20.whichcanalso be written as _ ,_ l- z_u_,+_o,_F2.oo_o.)2.y
UO2F .UO (OH) .I O; </<)ooo

(3) UOf2HF.H20, which is simply the o

dihydrate of uranyl fluoride, UO2F2.2H20, ==

which can be written as U(OH)4F2; and _= /
(4) UO3.4HF.3H20 (or UO2F2.2HF-4H20), o , , , ,

which is probably better written in the o 5 ,o ,5 20 2s
HF CONCENTRATION (molality)

form H2(UO2F+).4H20or
[H30]2[O(OH)4F4]. Fig,4.SolubilityofuraniuminaqueousHF.
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where the uranium solubility in g U/1000 g 3. Leitnaker, J. M., Thermodynamic Data for
water is plotted as a function of HF molality Uranium Fluorides, K/PS-352, Union
(moles HF/1000 g water). The solubility of Carbide Corporation, Nuclear Division,
solid (2), UO_2-UO2(OH)2.H20, is much Oak Ridge Gaseous Diffusion Plant,

greater than that of solid (3), UO2F2.2H20, and March 1983.
increases linearly with increasing molality HF.
The solubility of UO_2-2H20 decreases slightly 4. Agron, P. A., Thermodynamics of
with increasing HF concentration. This Intermediate Uranium Fluorides from
decreasing solubility trend continues for solid (4), Measurement of the Disproportionatioa
as can be seen from the phase diagram in Fig. 3, Pressures, Chemistry of Uranium,
until the uranium compound becomes only Collected Papers, Book 2, edited by Katz,
slightly soluble in anhydrous HF. J.J., and Rabinowitch, E., United States

Atomic Energy Commission, Technical
SUMMARY Information Service Extension, Oak Ridge,

Tennessee, 610-26, 1958.

Under normal storage conditions, the bulk of the
UF+ in a cylinder will be in the solid state with 5. Buslaev, Yu. A., Nikolaev, N. S., apd
overpressttres of gaseous UF+ well below one Tananaev, I. V., On the Solubility and
atmosphere. Reaction of this gaseous UF+ with Composition of the Solid Phases in the
the cylinder walls will be negligible, with the Systet_ HF-UO3-H_D, Academy of
small amount of reduced fluoride formed likely to Sciences 148, USSR, 1963.
be U2Fg. This corrosion picture is likely to be

altered when solid UF+ reacts with inleaking 6. Kunin, R., as cited by Katz, J. J., and
water vapor. It is apparent that the reaction Rabinowitch, E., The Chemistry of
usually cited for the hydrolysis of UF+ [reaction Uranium, National Nuclear Energy Series
(9) above] is an oversimplification of reality for Division VIII - Volume 5, McGraw-Hill
conditions likely to be experienced in LrF+storage Book Co., Inc., 570, 1951.
cylinders, and especially in the case of the
reactions involving solid UF+. In this latter case, 7. Manuta, D. M., Electrochemical and
aqueous HF solutions may be produced in Thermodynamic Analyses of Breached
equilibrium with a solid material of the Tails Cylinder Reaction Products, POEF-
composition [H30]2[U(OI-D+F,], with the net result 522-90-541, Martin Marietta Energy
being an enhanced corrosion rate of the steel Systems, Inc., Portsmouth Gaseous
container above that observed with gaseous UF+. Diffusion Plant, Piketon, Ohio, August 2,

1990.
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CHEMICAL ASPECTS OF CYLINDER CORROSION AND
A SCENARIO FOR HOLE DEVELOPMENT

E.J. Barber
Coqx_tte Fellow

MartinM-a'iettaEnergy Systems
Oak Ridge, Tennessee USA

NOMENCLATURE
ABSTRACT

The symbols (g), (1)or (s) following a chemical
In June 1990, two cylinders in the depleted UFe formula indicate that the material is in the gas,
cylinder storage yards at Portsmouth were liquid or solid phase; e.g., H20(s) is ice.
discovered to have holes in their walls at the
valve-end stiffening ring at a point below the level
of the gas-solid interface of the UF6. The cylinder BACKGROUND
with the largerhole, which extended under the
stiffening ring, was stacked in a top row 13 years In June 1990, as a result of an inspection of the
ago. The cylinder with the smaller hole had been deI_letedUF6 cylinder storage yards at the three
stacked in a bottom row 4 years ago. The lifting sites for a valve-stem corrosion problem, two
lugs of the adjacent cylinders pointed directlyat the cylinders in the yards at Portsmouth were
holes. A Cylinder Investigating Committee was discovered to have holes in the walls at the
appointedto determine the cat_seor causes of the valve-end stiffening ring. Both holes were below
holes and to assess the implications of these the level of the gas-solid interface of the UFe in _e
findings. This report contains a listing of the cylinder. The cylinder with the large hole which
chemically related facts established by the extended under the stiffening ring was located in a
Investigating Committee with the cooperation of the top row and had been stacked for 13 years. The
Operations and Technical SupportDivisions at the cylinder with the small hole was in a bottom row
Portsmouth Gaseous Diffusion Plant, the scenario and had been stacked for 4 years. The tiffing lugs
developed to explain these findings and some of the adjacent cylinders pointed directly at the
implications of this scenario, holes and apparentlyhad struck and cracked the

cylinder walls nearthe stiffening ring at the time of
In summary, the interrelated reactions of water, stacking. This observation is discussed more fully
solid UF6and iron presentedby R. L. Ritter_ are by J. H. Devan in a later presentation?
used to develop a scenario which explains the
observations and deductions made during the QualitativeObservations. The holes formed in the
investigation. The chemical processes are intimately two cylinders are shown in Figs. 1 and 2 after the
related to the course of the last three of the four adjacent cylinders had been moved away and, in the
stages of hole development. A simple model is case of the small hole, after the adheringreaction
proposed which permits semiquantitativeprediction products were removed. The shape of the corrosion
of such information as the HF loss rates as a holes is _,,a'ticularly significant to the scenario
function of time, the rate of hole enlargement, the development as is the existence of etched rivulets
time to hydrolyze a cylinder of UF6and the apparent in Fig. 3. This is a photograph of the
approximate size of the hole. The scenario suggests cylinder immediately below the one with the large
that the environmental consequences associated with hole after removal of the surface corrosion deposits.
a developing hole in a depleted UF_ cylinder are The corrosion of the lug of the adjacent cylinder
minimal for the first several years but will become intruding the small hole (not shown) is similarly
significant if too many years pass before detection, suggestive of attack by a strongly acidic solution
The overall environmental picture is presented in containing some hexavalent uranium which oozed
more detail elsewhere. 2 from the hole and oxidized the iron while being

9
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reduced to UF4. The layered structure, the
identification, location and color of the corrosion

products provide additional information.The
compounds identified are listed in Table 1 as they
might be ordered from an iron surface to a solid
UF_ surface.

Fig. 2. The width of the 13-yr old hole is about
8-in. A tail about 8-in long is seen below. The
surface of the deposit in the tail region is
suggestive of a deposit from a viscous solution.

Other Observations. The mass losses from the

cylinders were small. The, cylinder with the small
Fig. 1. The width of the 4-yr old hole is about 2 hole lost about a pound and the one with the large
in. Nolk the UF4 hydrate in the tail etched in the hole lost 29 pounds. When the weight of the
cylinder wall below the bole.

The backside of the deposit of reaction products in _,
the cylinder with the small hole, viz, the surface
which had been next to the UF6, was examined _:
using a color video fiberoptics boroscope. The _ _ , _i:::
deposit was noted as being orange.in color on the ,_:__:_':: __
surface and shaped like a hemisphere of a crude
oblate spheroid about a golf ball in depth and a
tennis ball in diameter. The reaction products within
the cylinder with the large hole were obviously
deep and a partially successful core sampling was
made. The depth of the UF4hydrate layer was about
4 in. and the depth of the yellow hexavalent
uranium oxy-fluoride layer was in excess of 8 in.
Chemical analysis of the yellow layer showed the
material, which was essentially amorphous to
x-rays, contained three fluorides per uranium and
closely fit the formula U(OH),F3 or
UO_*2H20*I-IF. A 50:50 mixture of UO:,F2and
[H30]2_J(OH)4F4]also would give this result. Both
U(OH)4F34and I'H30]2[U(OH)4F4]5 have been Fig. 3. When the deposits on the cylinder below
identified but the yellow layer in the cylinder was the large hole are removed, a predictable etched
amorphous, rivulet to groove pattern is revealed.
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Table 1. The reaction products are layered in in the atmo_here was detectable both by odor and
the following order from iron to UF+. by instrumentationin the vicinity of the large hole.

The HF vapor was not detectable in the vicinity of
Material Color the small hole until after the breached cylinder and

Fe metallic the adjacentcylinder were separated.

FeF2 (weak x-ray pattern) white (not seen) Features of the Chemical Attack. Five features of
the chemical attack on the cylinder need to be

Fe2Fs*xl-I20(x---7or less) gray to brown explained. First, the overall reaction is very slow
but the accumulation of reaction products does notFe3*xH20 (x=3 or less) whitish to light tan,
stop the reaction.

FeF3*3I-I20& light violet
dF+*0.75H20 Second, the hydrolysis reactions occurring at the

surface of solid UF+result in the retention of most
UF+*2.5H20 green of the UF+in the cylinder as complex UO2F 2

UF+*1.51-I20& slightly darker solvates (compounds containing both water and H17)
UF+*0.75H20 green which have limited solubility in the conductive

solmltionof nearly anhydrous HF produced there.
UO2F2*c_H20 fluorescent yellow

[H30]2[U(OH)4F4] _ yellow Third, this conducting solution permits the coating
of the hydrolyzed hexavalent uranium complex by a

UO2F2 thickening, less soluble layer of I.IF+hydrate. In this
U203F6(by color only) orange electrochemical process, the iron is oxidized to an

insoluble iron fluoride hydrate retained at the iron
-UOF4 (" " " ) bright orange surface while the L1_ material in the solution and at

UFe clear solid the UOp2 solvate surface is reduced to produce
UF+ hydrates. This ties up much of the fluoride
content of the solution and greatly reduces its

materials recovered outside the cylinders is acidity.
accounted for, these mass tosses become almost

zero and 17 pounds, respectiwlv. The mass of iron Fourth, ali the solid products deposited as the outer
oxidized in the two cylinders was estimated to be coating layer are not very soluble in water and tend
0.16 and 3.6 kg, respectively. Based on the shape of not to migrate far, limiting the environmental
the deposit within the cylinder with the small hole impact of these materials to the immediate vicinity
and the relative depths of the reduced and of the cylinder.
hydrolyzed layers in the cylinder with the large

hole, the quantity of UFt(s) hydrolyzed exceeds the Fifth, when the hole becomes large, there will be
quantity reduced by a factor of about 25. When the enough of the strongly acidic HF solution produced
chemistry is accounted for, the loss of uranium as that some will ooze out of the plugging materials
UFe from within the cylinders would be about 4 and and attack the cylinder wall below the hole and
110 pounds, respectively,e even the surface of the cylinder below, producing

etched grooves. The corrosion deposits on the
The fact that an open path for gas and vapor from adjacent lifting lug and stiffening ring just below
the aUnosphere to the ullage did not exist was
indicated by the presence of a -4 psig vacuum in the small hole are believed to have been produced
the cylinder with the small hole and 8 psig pressure by this mechanism. This condition may be
in the cylinder with the large hole. Accumulation of aggravated by rain since more hexavalent uraniumis dissolved in more dilute I-IFsolutions. The

HF was shown to have occurred in the ullage in finding of a high concentration of uranium in a grab
both cylinders with the greater amount, perhaps as sample of the soil at the edge of the concrete pad
much as 2 liters of liquid, having collected in the where the rain drained off the cylinder with the
cylinder with the large holeJ In addition to this HF large hole is additional supporting evidence.
retained in the ullage within the cylinders, HF vapor
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SCENARIO FOR HOLE AND PLUG HF(g) + H,C_g)= HF(aq)[tog] UF,(g) • 2H,O(g) = UO,F2(s) + 4HF(g)

DEVELOPMENT H20 FILM "_[ _,-.-_ ,_ /_/
UO_F,.xH,O(s) --- _"--'_ V

Theobservations,measurements,analysesand I _ .....UO,F,._H,O_deductions can be accounted for by the following _
scenariowhich tracesthe developmentof holes CYLINDER WALL--EL_ //

through four phasesusing illustrative sketches.The i _ _ --'--UF,FJLMhole development being described here is for the _ __ _o,,. _,,,,
presenceof solid UF6at the bottom of thefracture. FRACTURE---
If the fracture is in the top of the cylinder, the ,tL

scenario being presented is not necessarily correct //"__Z_once hole growth enters the fourth phase.
_///////f/_////////_

Phase 1 Wall Fracture (Fig. 4). The duration of this "//J/////////'//////////_/"
phase is of the order of milliseconds. The sharp PuF6> 4 PH20
corner of a lifting lug of one cylinder strikesor is
struck by another cylinder near a stiffening ring Fig. 5. Schematic cross section of ft:act_areshortly
below the surface of the solid UF6 in the cylinder as after impact showing results of chemical reaction
shown. On rare occasions (2 in more than 40,000), initiation.
the result is an undetected fracture which extends

completely through the wall of the cylinder. Almost
immediate detection may or may not be possible as
discussed under phase 2.

external surface of the cylinder wall. lt must be
Phase 2 Initial Plu_in_ of the Fracture (Figs. 5 here because the sublimation pressure of UF6 is
and 6). The next phase is the development of a plug approximately four times the vapor pressure of
in the fracture produced in phase 1. The time frame water and two moles of water are required for each
for this phase is hours and the plug will be mole of UF_ converted to UO2F2.This has been
developed fully in about 24 hours. Figure 5 shows a confirmed by crude computer simulation using
very early stage in the plug development. The reasonable values for the diffusion coefficients of
chemical attack begins in the fracture at or near the water vapor and UF6 vapor in airs. Only at the

exterior surface is sufficient water vapor availableDWG. NO. K/G-91-1378
to produceI-IF'-H20fog and somecondensateon the
steel surface. The UO2F2hydrate formed in the
fracture produces a plug which slows the diffusion
of UF6 to the surface. If the fracture is not detected
before this plug is fully developed, it is not likely to
be detected until some time after the completion of

phase 3.

The initial fracture may or may not be immediately

)INT detectable since detection depends upon seeing the
HF--H20 fog formed upon the hydrolysis of UF6
with water vapor. 9 Conditions in winter are less

PC colder, the rates of reaction slower, and the

OF IMPACT

favorable to fog formation because the stored UF6is

concentrations of the reactants lower. Storing
cylinders longer before stacking also lowers the

CYLINDER CROSS SECTION probability of detection.By somecombinationof

Fig. 4. Initiating mechanism is impact fracture at factors, the fractures in the two cylinders went
position shown, undetected during this phase.
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owGNOK'C.,9' ' l_',z t-_,,,,¢_PJ_:,K ,.__1__2S

HF(g) + H20(g ) = HF(aq)[Iocj] 3[H3OI._IU(OH)oF,} (s) + 6HF(I) , 2Fe(s)=
_... UF6(g) + 2H;O(g) = UO,F_(s) • 4HF(g) 3UF,.25H20(s) + 2FeF_o3H_O(s) , 1 5H20(I)

" AIR + UF6lg) UOzFp H,_OlS) _"_ UFi.25H_O(s) Iporousl

Fig. 6. Schematic cross section of fracture Fig. 7. Schematic cross section of fracture
showing development of initial plug nearing showing initiation of reduction and interior
completion, hydrolysis reactions in phase 3.

In Fig. 7 the initiation of the chemical attack on the
wall is ill_lrated. The reaction of the UF6(s) with

The conditions illustrated in Fig. 6 exist in the H20 within the fracture is given by the equation:
fracture just before final closure of the fracture by
hydrolysis products makes another change in the UF6(s)+6H=O(I)= [H30]21U(OH)4F4J(s)+2HF(I).(1)
time frame for reaction. The reactions at this point
in the process are the same as in Fig. 5 except for The principal reaction which is initiated at the
being slower, exterior surface of this material and at the iron

surface may be summarized by:
Phase 3 Corrosion of the Walls of the Fracture

(Figs. 7 through 10). When the diffusion of the UF6 3[H30]=[U(OH)4F_](s)+6HF(I)+2Fe(s) =
to the surface is reduced sufficiently that water 3UF_*1.5H=O(s)+2FeF_*3H20(s)+4.5H=O(I).(2)
vapor is in excess at the fracture exit, aqueous HF
is produced which dissolves some of the UO2F=.
This conducting acidic solution attacks the iron, Note that ali the fluorine in the starting UF_ is
producing green UF_ hydrate and iron fluoride consumed by the UF_and the iron fluoride formed
hydrates. At the steel surface a very thin layer of by reaction 2. Since HF accumulates within the
FeF= is probable. (It's not visible.) On top of this a cylinder ullage, more U as UF_ must be hydrolyzed
layer of brick brown or gray FeaF_hydrate is found, by reaction 1 than is reduced by reaction 2 and the
(The color depends on the degree of hydration.) formation of the observed layer of UO=F2solvate is
Next to this is a layer of greenish white FeF_ explained.
hydrate which becomes a yellowish tan on exposure
to moist air. The UF4 hydrate is at the center of the Nearer the exit of the fracture, the reaction of the
fracture and is somewhat porous. This UF4hydrate HF(I) with the H20 vapor produces aqueous HF
contains very little iron. There is always UO=F= which dissolves the previously produced UO=F2
solvate between the UF4hydrate layer and the hydrate so the redox reaction given by the following
UF6(s) as shown previously in Table 1. The time equation may be considered representative. (Similar
frame for the corrosion illustrated in the figures is equations may be written for the Fe to Fe.2 and Fe_2
on the order of months, to Fe.3 reactions):
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2"2(q) (q) 121-1F(aq) O( q)+2Fe( ) 0_ .........3UO, a +6F' a + +7.5H2 a s 3[H,Oj2[U(OH_.F,](s) + 6HF(I) + 9.Fe(s) =

= 3UF4*2.SH=O(s)+2FeF3*3H20(s). (3) 3UF,'2.SH_O(s) + 2FeF3.3H_O(s) + 1.5H20(I)

H,O(o) (_HF(aq) F/LMM UF,.2.5H,O(s)

These reactions require strongly acidic solutions and _-------_7_ L- _ -- FeF2[invisible}

if the acid content were to be reduced too much by HF(I)+_ _ .... Fe_F"7H20(s)
dilution with rainwater, the escape of uranium as HF(aq) _ _ FeF}o3H_O(s)
soluble uranyl ion in the form of UOzF2 becomes "_

I /_ HF(I:possible. .,

L/_HF (1_ _ [H_OI2IU(OH),F,I(s)

Figure 8 ]reprP_sents {he condition existing in the UF6(s) . 6H20(I) " _--_U203F6(s) BANDfraicture a few moat hs la ter. The oliginal plug of [H3O]2[U(OH)__/_

UOp2 hydrate is entirely converted to UF, hydrate _;7__

and both the hydrolysis of the UFe and the
conversion of the hydrolysis product to a UF4
hydrate have proceeded deeper into the cylinder
wall. The overall layering pattern of the products is
established and perhaps includes, as shown, the

development of the orange colored layer. The rate Fig. 8. Wall attack at fracture continues. Outer
of reaction is expected to be increasing as the layer of UO2F2hydrate replaced by UF4 hydrate.
fractionof the fracture surface attacked increases. Internal hydrolysis reaction continues down

fracture.
Figure 9, which represents the conditions in the
fracture several months after Fig. 8, shows the
hydrolytic attack of the LlFe(s) has proceeded into
the UFe inside the cylinder itself. The same redox

reactionscontinue to deepen the UF4 hydrate layer .:o(g)_ ............
and the area of the fracture surface attacked

continues to enlarge. The degree of hydration of the --FeF,I.nv,s,_el
UF4 is less in the locations where the concentration
of H20 is expected to be less, namely, toward the -- Fe,F,.7H,O(s)

UF4-uranium oxyfluoride complex interface. The -- FeF_. 3H,O(s)

overall rate of att_:.k on the steel surface is _UF,.1.5H,O(s)
increasing. Note that the ordered layering of the UF,'0.75H,O(s)

reaction products continues.

Phase 3 comes to completion when the attack on u,o ..... [H.O]_tU(OH),F,](s)

the iron is occurring over the full depth of the --SOLIDUF6
fracture as illustrated in Fig. 10. The attack on the
steel is proceeding from the outside in and is
producing a hole with the bevel facing the outside.

Fig. 9. Wall attack at fracture continues.
Hydrolysis reaction enters iDto cylinder UF=.
Fracture is enlarging from outside in.
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Owo NO_,9_ 112e DWG NO K_J91 1129

3H_O(s) 0

O
Iporousl m

\ \ ///'--_e,F,.,H,O(s)

CYLINDER WALL i ) ( .
s_':_/,'.;" :,:'_,_,'_,x /////:// '//;_" _ •

I_:" )" :Z"::'/.:(U203F_(s) band//#_f"- " k, j /, '/7..,_,,'/,,,._.... /.,:./ /, ,

_j_ .)','×""',:;; .','..,:; ,'4'
_,'_,_,.' ,, ,'.:..x_;_ [porousl, ,_,/,,//_,:,;_,.,:.._>_.;

o

Fig. 10. Phase 3 is completed as fracture is L
enlarged along full depth. The UF, hydrate is
now forming inside the cylinder. Hydrolysis of (
UF_ reactions surround the UF 4 inside the _..3H.O(_),>
cylinder. _H2( K

Fo_Fs'TH_O(s)

Once the bevel reaches through the wall thickness, LIFTINGLUGOF
the rate of attack will increase as the circumference :SOLIDUF, ADJACENTCYLINDER
of the crack increases, but the rate of attack per unit
length of the circumference will remain practically
constant. Ten to fourteen months will have elapsed
since the impact when this occurs. As shown,
UF_*1.5H=Oand UF4*0.75H=Owill have begun to
be produced inside the cylinder with a major yellow Fig. 11. The main reactions continue to be
layer between it and the UFt(s). hydrolysis of UF_ inside and reduction to UF_

inside and outside the cylinder. The fracture has
Chemical analyses show that the average become a small hole after 4 years.
composition of the yellow layer corresponds closely
to a 50:50 mole % mixtureof UO_F_and
[H_O]_[U(OH)4F4](s)so that some HF(I) is formed
and squeezed out. Production of UF4 hydrate frame for this process is years. In this scenario the
exterior to the hole can only begin when the flow of eplargement of the effective hole diameteris
the HF fluid from the yellow layer is more than is assumed to occur at a relatively constant rate when
required to maintain the saturationof the UF_and viewed over a sufficiently long period of time. At
iron fluoride hydrates and to supply the acid some stage in the growth of the hole, attack of the
requirementsof the redox reactions producing interiorsurface of the cylinder wall at the hole edge
additional UF4 hydrate. This will not happen until becomes significant and wall thinning from the
the attack enters phase 4. Layering of the reaction inside occurs by the same mechanism as it initially
products is maintained, began from the outside. In fact, the wall thinning

extended on the inside beyond the hole by 5 or

Phase 4 Enlargement of the Hole and Productionof more inches in the case of the cylinder with the
External Products (Figs. 11 and 12). The last or large hole. (See Fig. 12.)
fourth phase of hole development is entered when
the fracture size begins to increase. It begins about Figure 11 is a schematic, cross sectional drawing
one year after the initiating impact and ends when which illustrates the distribution of reaction
ali the UF_ in the cylinder has been hydrolyzed products in the small hole and on the lifting lug of
perhaps as much as 30 years later. Thus, the time the adjacent cylinder after a four year exposure. The
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layered isolation of products is seen except that, As noted, the redox reaction occurring externally to
directly over the hole where no iron remains, the the cylinder hole between hexavalent uranium and
different layers are mixed on a macroscopic basis iron to deposit insoluble UF4 and iron fluoride
with retention of identity. The pattern of the attack hydrates also ties up large amounts of FI-ion from
on the cylinder wall below the hole and on the top the oozing acid as suggested by Equation 3.
and sides of the lifting lug toward the cylinder and Additionally, dilute aqueous HF slowly attacks iron
the stiffening ring provides evidence of the acidic, to form iron fluoride hydrates and hydrogen gas.
hexavalent uranium bearing solution which has For these reasons, the loss, by evaporation, of HF
oozed from the hydrolysis products being produced vapor from the hole at this stage of development
in the hole. At this stage of hole development, it would be expected to be quite limited. In fact, if
appears that the hexavalent uranium being any HF vapor is escapi_;g, the quantity is so small
transported from the cylinder is reduced to the that it does not produce a detectable concentration
insoluble UF4hydrate by the iron and retained at in the atmosphere in the immediate vicinity of the
the reduction site. hole. The predicted maximum rate of escape of HF

from the small hole at the time of discovery is
ow_,o,_,, ,,_o 0.16 g HF per hour. This includes both the vapor

and the liquid.

.CYLINDERWALL lt is thought that an additional 9 years exposure
o(s) (13 years after impact) will produce the effects

FeF_.3H,O(s) shown schematically in Fig. 12. A portion of the

FeF,.3H,O(s) green UF4hydrate layer sloughed off the center of
UF,'0.75HzO(s) the hole between the time of discovery in June,

\ 1990 and October, 1990. This revealed the presence\
of the deep yellow layer of hydrolysis products

I H_O(g)

_O --. II I before6/,6/90 This yellow layerextendedmorethan i2 inches
< sJoug,edo, behind the UF4 hydrate layer inside the cylinder.

%
"1"

into the :ylinder, indicating the hydrolysis of a_ sloughed off

"---" / ,°O_o_r1990 significant fraction of the UF_ in the cylinder had
occurred. Some slow drainage of the acidic solution

formedafter from the hydrolysiszoneoccurredin the areawhereOctober 1990

the UF4 hydratesloughedoff. Vaporizationof this
HF (aq, sat. UO,") oozing solution left the yellow deposit over the

UF,.2.5H,O(s) greenUF4hydratelayeras shown.
[porous]

Ali thereactionswhichweregoingon earlier inside
3"3H20(s)

thecylinderare continuingat a rate whichprobably
is increasingat leastas fast as theareaof thehole

_SOLIDUF6; is increasing.Thus,the quantity of acidic solution
CYLINDERWALL producedgradually increasesuntil the wettableiron

surfaceonthe cylinderwith the hole will no longer
reduce ali the contained hexavalent uranium to UF4.
When this happens, the solution will slowly trickleFig. 12. The hydrolysis and reduction reactions
down the cylinder wall and stiffening ring, etching

continue. Deposits outside the cylinder slough them while producing the layered UF4 and ironoff. The HF escapes as both vapor and solution
fluoride hydrates. When the solution reaches theand also builds up in the ullage. A small amount
cylinder below the hole, it spreads out and etches

of hexavalent uranium in solution not reduced to this cylinder, forming shallow rivulets in the steel
UF4 hydrate escapes from the vicinity of the surface. These coalesce into grooves and finally intocylinder as UO2*'. Condition shown is for 13
years after impact. The hole is now more than
8 in. across.
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a single deep groove as the pitch of the cylinder
surface passes vertical• These are fdled with the Table 2. The bases of a simple model.
layers of iron fluoride hydrates which in mm are
covered with a layer of UF, hydrate.This condition. • There is an induction period before hole
after removal of the deposits, was illustrated in enlargementbegins which is dependent on the

cylinder wall thickness (10 to 14 months for
Fig. 3. 5/16-in. wall.)

As is suggested above, when a hole becomes this • The rate of enlargement of the hole diameter is
large there will be loss of I_ vapor by vaporization practically constant once the wall is chemically
of the oozing liquid• Estimation of the loss of HF aaacked through the full thickness.
from the cylinder with the large hole using a simple
model indicates that the rateof loss of HF at the • The amount of UF, produced can be calculated
time of discovery might have been as large as 3.7 g tcom the mass of iron converted to iron
HF per hour, however, not necessarily ali of this fluorides. Use Equation 2. These reactions
material would have been lost as vapor, effectively do not contribute to the formationof
Environmental sampl_s taken in the vicinity of the HF.
cylinder with this large hole did not indicate . The total amount of UF_ hydrolyzed is about 26
concentrationsof HF above the permissible times the amount reduced.
exposure limit (PEL) of 2.5 mg HF/M3 or 8 hours.

• The hydrolyzed UF6 present in the cylinder has
The etch patternon the cylinder below the one with an average composition which corresponds to a
the small hole suggests thatnot ali the hexavalent 50:50 mixture of [H30]2[U(OH),F,] and UO2F2.
uranium in the strongly acidic solution was reduced This means the retained hydroysis product
to UF4 hydrate. The missing mass of 17 pounds, weighs more than the "dFa it replaces as shown
which the chemistry indicates might be equivalent in Reaction 4
to the loss of about 110 pounds of UF_as uranyl
fluoride solution, is strongly supportive of this UF_(s)+4HzO(g)=
observation. Failure to find any general soil UO2F2*2H20*HF(s)+3HF(I) (4)
contamination at the edge of the pad where the
rainwater drained _om the cylinder with the large
hole is not counterindicative because uranyl ion is • The HF not tied up with the hydrolysis product
not retained well in soil. either diffuses through the solid UF_ to the

cylinder ullage for retention or to the exterior
surface of the plug to he lost as solution or

A SIMPLE MODEL vapor.

• The loss rate of HF is proportional to the
The scenario provided may be employed to develop surface area of the hole.
a simple model for examining semiquantitatively
features of the chemical attack, such as the rate of
hole enlargement, the loss rate of HF, the time to
hydrolyze ali the UFe in the cylinder and the size of
the hole• The bases for the model are given in
Table 2. Some of the results are shown in Table 3.
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Table 3. Estimated quantities of U!_, hydrolyzed and HF released, hole groth
rates and other model parameters.

Quantity Cy! Cyl.
Estimated 4G 127985 4G 115688

m

_dass of iron oxidized (fluorinated), kg 0.16 3.6

Mass of UF6 reduced, kg 1.5 34.0

Mass of UF 6 to produce recovered deposits, kg 0.32 4.9

Mass of UF6 hydrolyzed and reduced in cyl., kg 1.2 29.1

Total mass of UF6 hydrolyzed, kg 13.7 916.

Mass of UF6 producing I-IFretained in cyl., kg 4.8 42.

Mass of UF6 producing escaping HF, kg 7.4 840.

Total mass of HF which escaped hole, kg 1.26 143.

Predicted HF escaping in Sth & 14th yr, resp., kg 1.99 35.6

Predicted mass UF_ hydrolyzed r.ext year, kg 11.7 209.

Est. rate of HF escape at discovery, g/iu" 0.16 3.73

Steady state rate of escape of HF, g/sq cm-hr 7.91x10 3 7.91x10 "3

Rate of hole radius enlargement, cm/hr 1.08x 104 1.08x 10.4

Est. time to steady state rate, year 1 1

Est. time to hydrolyze ali UF6 in cyl., yr 32

Est. diameter of hole for above, hl. 24
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INTRODUCTION Aecl Activity of a radionuclide when it is in radioactive

Uranium is a radioactive substance that emits alpha equilibrium with its parent isotope.
particles and very small amounts of gamma radiation. Its
daughterproducts emit beta and gamma radiation. In CHARACTERISTICS OF RADIATIONS
uranium handling operations these are the radiations we
must consider. In this presentation we will look at the This is a brief reminder of the penetration characteristics
characteristics of the radiations, the isotopes from which of alpha, beta, and gamma radiations.
they originate, the growth and decay of the uranium

daughter products, and some specific health physics Alpha radiation-- very little penetration. Stopped by a
practices dictated by these factors, sheet of paper or the dead outer layer of the skin.

NOMENCLATURE Beta radiation-- Range in tissue of the body about 1 cre.
Stopped by 1/4 inch of aluminum.

dpm Disintegrations per minute. Gamma radiation-- reduced by heavy shielding, 1/2 inch
of lead for example.

ALI Annual Limit o,l Intake. 'tne radioactivity of a
radionuclide which taken alone would irradiate a

These degrees of penetration are illustrated in Figure 1.person, represented by Reference Man, to the limit
set by the ICRP for each year of occupational
exposure.

DAC Derived Air Concentration. The ALI (of a

radionuclide) divided by the volume of air inhaled Paperby Reference Man in a working year (i.e. 2.4 x 103

m3) The unit of DAC is Bcl m"3. (X

Bcl becquerel, theunit of activity equal to 1 disinte-
gration per second. '_

1/4 inch
A Activity of a radionuclide after a given time (X aluminum

period of radioactive decay. __ --------
3'

AO Activity of a radionuclide at the beginning of a

period of radioactive decay. (X 1/2 inch

[3 lead
e Base of natural logarithms. ,_

_, Decay constant. The fraction of the number of
atoms of a radioactive nuclide which decay in unit

time. Figure 1. Relative penetration

t Time elapsed for radioactive decay or buildup, of radiations

21
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EXPOSURE POTENTIALS FROM URANIUM contaminated to the radioactivity guide of 1000
dprn/100 cm2 with a soluble uranium compound; the

Since alpha particles cannot penetrate the dead outer layer same correction noted above for difference between

of the skin, uranium does not present a radiation exposure hand-counting geometry and plated source geometry
potential as long as it is kept outside of the body. Skin applies.
and clothing contamination produce no direct exposure,
but may serve as sources of uranium materials that can Airborne contamination from contaminated clothing m
enter the body by tmcoming airborne and entering the 0.87% of the DAC for compounds of intermediate
body by inhalation. Possible routes of exposure include solubility (Class W compounds) or 13% if the
smoking cigarettes with contaminated hands, with compounds are class Y.
uranium being transferred to the cigarettes, becoming

vaporized as the cigarette bums, and thereby being Basis: (3) Airborne contamination in dpm/m 3 = 0.0967 x
inhaled with the smoke. Eating with contaminated hands maximum point contamination on clothing in
may result in the ingestion of radioactive materials. With dprn/100 eta2; average contamination on front
contamination on the clothing body movements can dust surfaces of clothing is one third the highest value;
off some of the materials and cause airborne activity that radioactivity guide = 1000 dpm/100 cm2 as defined
is subject to inhalation. Surface contamination in the above, actual counting geometry for clothing con-
work piace can also become airborne through air move- tamination = 12% of that for a plated source, DAC
ments to produce a potential for inhalation exposure, for a uranium of intermediate solubility (Class W) =

3 x 10"10 I.tCi/mL = 666 dpm/m 3. If we use the ratios
Estimates of the amounts of exposure from these sources derived from the data of Butterworth and Donoghue
at the radiation protection guide values were developed on (4) as obtained with personal air samplers worn on
the basis of tests made at the K-25 Site many years ago, the chest, the calculated airborne levels would be
and a few comparisons are made with calculations based approximately 15 times greater.
on data from other sources. With respect to the K-25 data

the calculations are based on extreme conditions for Resuspension of contamination into the air -- 0.38 % of
exposure and ignore ali good health physics controls such DAC
as requirements for washing hands and the prohibition of

eating and smoking in contaminated areas. Basis: Resuspension factor of 5 x 10-6 (l_Ci/m3)/(_Ci/m 2)
relating airbome activity to surface activity, sug-

Smoking with contaminated hands m 0.3 % average.of gested by the International Atomic Energy Agency
the DAC. (IAEA) (5).used to calculate airborne activity from a

surface contaminated to the radioactivity guide of
Basis: (1) The radioactivity guide for hands is 1000 dpm/ 5000 dpm/100 cm2.

hand surface (100 cm 2) as interpreted from meter

calibrated with a plated source; 1% of contamination A number of papers dealing with the relationship between
on the palmar surface of one hand is transferred to surface contamination and airborne contamination were

each cigarette; 0.2 % of the transferred material is presented at a symposium on surface contamination held
inhaled; 20 cigarettes smoked per work day; no hand in Gatlinburg, Tennessee in 1964 (6). Results reported by
washing; continually handling the source of con- various investigators varied widely. The value suggested
tamination so the hands are always freshly contami- by the IAEA supports our present guide values very weil.
nated; assuming the uranium inhaled to be oxides

which have a long biological half-life in the body Obviously a major objective in handling radioactive
(Class Y), and including a correction for the fact that materials should be to keep them properly confined. In a
the counting geometry for hand contamination is UF6 handling operation a primary concern is to keep the
30% of that for a plated source.. UF6 from being released to the atmosphere. This

includes the routine control of small releases which can

Oral intake of uranium from contaminated hands -- 7.1% occur when the connections of transfer lines to cylinders
of the ALI. are uncoupled. Several papers in this session deal with

experiences and handling methods in UF 6 operations, and
Basis: (2) The annual limit on oral intake of soluble I am confident that these aspects of UF6 operations will

uranium compounds is 4 x 105 Bq. For every be adequately addressed.
working day an individual consumes ali of the
uranium on both of his/her hands; hands are



Laying the Foundation: Properties of UF 6 23

ENRICHMENT AND SPECIFIC ACTIVITY GROWTH AND DECAY OF DAUGHTER PRODUCTS

In natural uranium the activity of 234U is approximately When a radioactive daughter product that is initially at
equal to that of 238U, and the activity of the 235U equilibrium with its parent isotope is removed from the
constitutes only a small fraction of the total. In the parent isotope the daughter product will decay with a
uranium enrichment process the separation of the isotopes characteristic half-life, decreasing to one-half its initial
depends on the differences of the atomic weights of the activity in one half-life, to one fourth its initial activity in
isotopes, so the 234U is enriched along with the 235U. two half-lives, to one eighth in three half-lives, etc. The
Since its specific activity is about 2,900 times that of daughter product will also "grow back" into the parent
235U, most of the radioactivity of enriched uranium is due isotope to achieve one-half its equilibrium activity in one
to the 234U isotope, and the specific activity of 93% half-life, three-fourths its equilibrium activity in two half-
enriched uranium is approximately 1(30times that of lives, etc. The equations governing this decay and growth
natural uranium. The relationship between enrichment are:
and specific activity is shown in Figure 2 which was
taken from the Nuclear Regulatory Commission's For decay: A = AOe"_. (Eq. 1)
Regulatory Guide 8.1 I.

For growth A = Aecl (1 - e'kt). (Eq. 2)

' I ' '* ' "l The growth and decay of daughter products are illustrated. _, _, _,** ..._',' in Figure 3, and the initial daughter products of the

_'/ *_ °" I natural uranium isotopes are shown in Table 1.
,74
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Figure 2. Specific activity for
mixtures of 234U, 235U, and 238U Figure 3. Growth and Decay

of a daughter produce

I will point out that the higher specific activity of enriched
uranium does not affect the applicable radiation protec- None of the uranium daughter products form volatile
tion guide values, which are expressed in terms of fluorides, so the daughter products do not remain with the
activity. On an activity basis there are no appreciable parent isotopes if they are formed in UF 6 that is in the
differences among the natural uranium isotopes as far as gaseous phase. The daughter products formed within a
radiation exposure potentials are concerned. The higher gasc.ous diffusion plant deposit on the surface,s inside the

o activity does mean that it takes a smaller mass of enriched equipment and remain there. Therefore, UF 6 withdrawn
uranium to produce a given level of airborne or surface from the diffusion plant into a clean cylinder is initially
contamination. Also the levels of contamination that can free of its daughter products. The first daughter product
be experienced with enriched uranium are higher than of 238U, 234Th, then grows in at a rate characteristic of its
those possible with normal or depleted uranium. 24.1-day half-life, lt will reach one-half its equilibrium

-_ value in 24.1 days and will continue to approach its
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Table 1. Initial daughter products of 234U, 235U, and 238U (7)

Major radiation energies (MEV)

Nuclide Half-life and intensities*
ct 13 _,

238U 4.51x109y 4.15 (25%) ......

I

234"I'h 24.1d --- 0.103 (21%) 0.063 (3.5%)
0.193 (79%) 0.093 (4%)

\/
Z'_Pam 1.17m --- 2.29 (98%) 0.765 (0.30%)

I 1.001 (0.60%)99.87% 0.13%

q/
_Pa 6.75h --- 0.53 (66%) 0.100 (50%)

I 1.13 (13%) 0.70 (24%)

23416 0.90 (70%12.47xlOSy 4.72 (28%) --- 0.053 (0.2%)

_l 4.77 (72%)
Z3°Th 8.0x104y 4.62 (24%) --- 0.068 (0.6%)

4.68 (76%) --- 0.142 (0.07%)

23Su 7.1x108y 4.37 (18%) --- 0.143 (11%)

4.40 (57%) 0.185 (54%)
4.58 (8%) 0.204 (5%)

231'I"11 25.511 --- 0.140 (45%) 0.026 (2%)

0.220(15%) 0.084(10%)
0.305 (40%)

231pa 3.25xltYy 4.95 (22%) --- 0.027 (6%)

_/ 5.01 (24%) 0.29 (6%)5.02 (23%)

*Intensifies refer to percentage of disintegrations of the nuclide itself, not to original parent of series.
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equilibrium value as we have just discussed. Since UF 6 is deposited on interior surfaces of the equipment. The
solid at room temperature, the daughter products will principal impact of this isotope may be on future decon-
remain dispersed throughout the UF 6 where they are tamination and decommissioning activities since its
formed. When the UF 6 is transferred from the cylinder presence may affect options for disposal of wastes
by gas-phase transfer, the daughter products tend to generated during plant dismantling operations.
remain in the cylinder, although some fraction of them
may be carried out by entrainment in the exiting gas Uranium recovered from spent reactor fuels requires some
stream. Papers to be given later is this program deal with special considerations with respect to diffusion plant
radiation levels from UF6 cylinders, operations and the fmal utilization of the uranium

product. The consumption of the uranium fuel in reactors
When UF6 is transferred from cylinders by liquid transfer, results in the formation of fission products, the tran-
the daughter products tend to deposit in the transfer line, suranic elements neptunium and plutonium, and the
which is called a "pig tail" at the diffusion plants, artificial isotopes of uranium, 232U, 233U, and 236U.
Resulting radiation levels can amount to a few tens of Although most of the fission products and transuranic
mrem/hr gamma radiation at the surface of the pig tail and isotopes are removed from the uranium in the uranium
to a few tens of rem beta radiation at the open end of the recovery process, traces of these materials do carry
pigtail. Any loose uranium materials dropping off the pig through and can be introduced into the diffusion plants.
tails when they are removed from the connections can The artificial uranium isotopes require various consider-
result in elevated beta-gamma contamination in the area. ations in the final utilization of diffusion plant product,
Also, any solutions used to clean the pig tails can contain but to my knowledge they have not impacted the actual
high concentrations of the daughter products, and must be UF6 handling operations significantly. The daughter
handled with due care. Plugging the ends of the pig tails products of 232U might impact diffusion plant operations
with screw-in metal plugs when they are removed from if they accumulate in the plant equipment to a level where
the connections and holding them for, say, three months their gamma radiations interfere with nondestructive
before cleaning them can reduce beta-radiation exposure measurements designed to locate possible deposits of
potentials for personnel doing the work. uranium materials in the equipment.

Ali uranium isotopes are parents of long chains of The presence of the fission product technetium-99 in
radioactive isotopes. In general, however, only the first reactor return uranium requires special considerations
one or two decay products have significant impact on UF6 with respect to diffusion plant operations and mainte-
handling operations. The reastm is that after one or two nance activities. It may also require special consideration
decays, the isotopes decay to very long-lived daughters, in some aspects of the utilization of diffusion plant
The long lived isotopes and their daughter products which product, but again I am not aware of any impact of 99Tc
are present in uranium ores are removed from natural of UF6 handling outside of the diffusion plants. The

uranium in the uranium milling and UF 6 feed production transuranic elements plutonium and neptunium form
steps. As we have seen, it takes time for the long-lived volatile fluorides and can carry through to the UF 6
daughter products to build up in the purified uranium, product of the uranium recovery process. These elements
The degree of buildup of these daughter products is tend to deposit on the insides of the cylinders in which
limited by relatively short time periods through which UF 6 is shipped and to remain behind when the UF 6 is
they could have built up their activities. For example, transferred from the cylinder by vaporization. These
suppose we look at the amount of 230Th that could have isotopes will be removed when the cylinders are cleaned,
developed in surface contamination that occurred at the and appropriate handling methods will be required for any
beginning of diffusion operations at the K-25 Site cleaning solutions. Their presence in the diffusion plants

a_roximately 50 years ago. The first daughter of 234U, requires special evaluations to ensure that all required
2_trl'h, with a half-life of 8.0 x 104 years, will have controls for these elements are observed. Like 230Th,
reached only 0.043% of the activity of the parent ura- their greatest impact may be felt in the decommissioning
nium. In terms of contamination control for surfaces of the plants, in that their presence may affect to a marked

outside the diffusion equipment itself, this isotope and degree what disposition can be made of the wastes
isotopes below it in the chain can generally be ignored, generated in the decommissioning process.

Inside the cascade, however, this isotope was being
formed during ali the plant's operating years in proportion
to t.he total amount of 234U in the equipment, and was
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Abstract

Urenco operates enrichment plants General principles for handllng tTF6

at three sites (Figures I, 2 b 3):- are described in the ORO 651 series

Almelo (Netherlands), Capenhurst of reports. These are basic to the

(United Kingdom) and Gronau Urenco Standards Procedures but

(Germany). Current installed natlonal statutory regulatlons have

separative work capacity is 2,500 necessitated changes in some areas.

tSWpa. Since 1971, when the first

•

pilot plants were built, enrichment

production has totalled 18,000

tSW. During this 1ast 20 years

over 3,500 48" containers of UF 6

have been fed to the plants, over
3,700 30" containers have been

filled with product and dellvered

successfully to Orenco's customers
worldwlde and over 3,000 48"

containers of depleted tails have
been filled and have either been Fig.l. Urenco (NL) Almelo

returned to customers or retained

for long term storage on site.

The paper gives a brief outline of

Urenco's experience in handllng

UF6: the equipment and methods used
in receiving, feeding, filling,

blending, liquid sampling, storing,

moving on site and despatching of

UF6 containers. Some of the

difficultles experienced with UF 6
containers are appended. Fig.2. Urenco (UK) Capenhurst

Introduction

The Urenco Standards Procedures

document describes, in general,
what the minimum container

acceptance criteria are and how
Urenco handles LT6.

Fig.3. Urenco (V) Gronau

29
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Receipt Feeding

Urenco has received feed containers Containers, Installed in the feed

from all the major conversion stations (Figure 5), are sampled

plants in the world (USA; Canada; and cold vented prior to being

France; UK and USSR). heated to produce gaseous UF6 for
Containers are inspected on supply to the centrifuge cascades.

receipt. Inspection criteria cover Thls may be either by steam heating
container identification and in feed chests, feeding from solid

surface condition, valve and valve UF6, or by electrlcal (hot air)

protector, plug_ shell and heads, heating in autoclaves, feeding from

skirt and stiffener rings, liquid UF6 .

Normally everything is in order

but, when problems occasionally are

found, the supplier Is notified

promptly. Examples of such

problems are: faulty tie-downs,

missing or incorrect paperwork,

wrong labelling and name-plate

data, inadequacies in the actual

transport vehicles and the spares

carried. Although rare there have
been instances of surface

contamination, missing or loose

valve covers, bent lifting lug and

shell head gouge. II_

After receipt and unloading

containers are weighed prior to

their move to temporary storage.

The control of nuclear material

entering and leaving a Urenco plant

is effected by a system of Fig.4. Feed Autoclaves

inventory weighings. The net

weight of UF6 feed accepted by Emergency protection systems are
Urenco is determined on the basis provided to detect and protect

of weights of the container before against release of UF 6 either from

and after emptying. The within the feed station or from the

weighscales are periodically primary, superatmospheric, feed

calibrated and regular check distribution pipework. Although

weighings are carried out to ensure tested on a regular and frequent

the scale variation does not exceed basis these systems have never yet

prescribed limits. Calibration and been required to operate in a real

certification of scales is by the emergency. Over the 20 year period

applicable statutory authority, there have been a limited number of
minor UF 6 leaks from valves or
pipework connections but they have

been insignificant both in

frequency and consequence.
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Enrichment Blendlng and Liquid Sampllng

From the feed containers UF6 flows Part of Urenco's product is
through pressure reduction and blended, or transferred from plant
control equipment such that the containers to customer containers.

centrifuge cascades (Figure 5) are This Involves gaseous transfer from

fed at a very low pressure of lO0's 48" or 30" into 30" containers.
of Pa (a few mbar). Within the

cascades centrifuges rotate at high The quallty of UF 6 despatched is

speed to achieve an increase in the controlled by analysis of samples

proportion of the active isotope wlthdra_m from the customers'

U235 in the product stream, containers. The sample withdrawal
procedure has to ensure that the

The UF 6 is passed through the sample is representative of the
cascade by the pumping action of container contents. Therefore all

the centrifuges themselves. Urenco product is liquefied, homogenised

has around 100 cascades in and a liquid sample taken prior to

operation consisting of hundreds of delivery to the customer.

thousands of centrifuges in total.
The entire liquid sampllng

operation is carried out in an

autoclave at 85°C (Figure 7).

The container contents are

maintained liquld for at least 20

hours which experience has shown to

be adequate to ensure complete

homogenisation. The autoclave is

then tilted to pour out the

samples. Subsequently containers
sre allowed to cool down to ensure

the contents are solid prior to

disconnection and moving.

Fig.5. Centrifuge Cascade Pipework

Product and Tails Take-Off

After separation the two streams of

UF6 gas, one enriched in U235 and
one depleted_ are increased in

pressure dlrectly using pumps or
Indlrectly using cold/heated

desubllmers. The UF 6 condenses as
a solid in transit containers

(Figure 6) which are cooled by
water or air (5-10°C) either in the

open or in enclosed chests. Fig.6. Product Take-Off Chest
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There have been no major problems Despite this variety, and the large

associated with liquid sampling number of container movements per
operations although dlfflcultles annum, Incidents resulting In

were experienced In obtaining injury to persons or damage to

samples, in the early days, due to containers have been very few wlth

vapour locks in the sampling none resulting In any serious
manifold, consequence. Nevertheless

appropriate emergency equipment is
provided, both locally and
centrally on the Sites, and

emergency arrangements are

establlshed and regularly practised.

Strategies for the safe long term

storage of UF6 containers at Urenco
Sites have been developed

identifying minimum standards to be

adopted in relation to storage raft
construction, security and

housekeeping and criteria and
scheduling for routine container

and container support damage

inspection.

Flg.7. Blending & Sampling Stations

On-Site Movements and Storage Despatching

A range of diesel and electric Normally the transport of

vehicles are used for moving UF 6 coutalners is organised by the

containers around the Sites_ ag. customer, although for some

straddle carriers, forklift trucks, customers Urenco provides the

towed trailers, bydraullc lift and transport service. Detailed

hover-trucks, arrangements are made in accordance

wlth the Urenco Transport Pack.

Whoever organises the transport,
Urenco loads the 30" containers

f- Into the overpacks on the vehicles

/ using a fork-llft truck, mobile
crane or fixed overhead crane.

Containers and vehicles are

monitored for radiation dose rates

and surface contamination and

appropriate transport labels

affixed, b full set of transport

documentation is provided. Urenco

ensures that all outgoing shipments

fully comply with national or IAEA

transport guldellnes and

regulations.

Fig.8. Straddle Carrier
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Conc lu s ion

Urenco has 20 years experience of
operating centrifuge enrichment

plants and handling UF 6. In this "_'_ .....
there is a high premlu_ placed on

training, supervision and control ._._ ....
of ali operational activities.
Systems and procedures aim to _-, ,_._.

ensure that operations are _ ....,
performed in a considered and :_

consistent manner taking due regard

to the probabillty and consequences

of any inherent associated hazards,

potential system faults or
maloperatlon. The fact that there

have been no major incidents, ever,

at any Urenco Site reflects the /
hlgh safety standards to which all

facilities are designed and Fig.9. Plant Control Room

operated.



34 Uranium Hexafluoride Handling
APPENDIX

Some of the Difficulties Experienced 4. Surface corrosion on incoming
containers

As might be expected when bandllng

UF6 containers, and in dealing with This is a continuing and
such a wide range of customers and frustrating problem, not the least

suppliers, Urenco has experienced a because of its adverse effect on
variety of operational problems public relations and the
(opportunities for improvement), difficulties it Roses in attempting
The following is a selection:- to perform satisfactory container

inspections and any surface

decontamination that may be

1. Faulty tie-dovn8 on i_omlng necessary. In addition materlal
containers from the container surface, le

flaking, can cause problems within

In particular there was one closed-loop heating and cooling

consignment of 12 full feed systems.
containers where the cradles were
oversized and metal bands had been Depending on circumstances where a

used to tle-down the containers, container surface condition is

On receipt it was evident that 2 deemed unacceptable, it may be
containers had broken free during either rejected or cleaned and

transport and were sitting loose in re-painted at the suppliers expense
their cradles. (Figure 12).

2. Water in overpacks 5. Cracking of container valve
gland nuts

Many instances of small amounts of

water but also occasions where the Not only is there the potential for

amounts were significant, i.e. up increased hazard arising from

to several inches of water, cracking of container valve gland

nuts, a problem wblch has been

observed both on incoming

3. Uranlc contamination on incoming containers and during their use on

feed containers plant over the past 12 years, the

phenomenon has required addltlonal

Although feed suppliers have inspections and checks to be

comprehensive procedures for introduced.

inspection of containers prior to

delivery the followlng two examples

are Instances where such procedures
were clearly not fully effective

(Figures 10 b 11).
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Fig. 10. Contaminated Feed Container
Valve

___ii_i!!¸

Fig. 11. Blockage Beyond Feed
Container Valve Cap

•m .

Fig.)2. Corrosion on Incoming Feed
Containers
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ABSTRACT fuel reconversion capacity is 715
T-U per year for less than 5_

In 1991 spring,our company,a enriched uranium LWR fuel and
leading nuclear fuel manufacturing 3 T-U per yearfor less than 20_
company in Japan,celebrated its enriched uranium FBR fuel.All that
18rh anniversary. Since 1973, adds up to a manufacturing
company has produced over 5000 capacity of 718 T-U per year.Main
metric ton of ceramic grade U02 sources for starting materials of
powder to supply to Japanese reconversion at our facility are
fabricators,without major accident either uranium hexafluoride,mostly
/incident and especially with delivered from DOE and EURODIF,or
successful safety record on UF8 uranium oxide pellet/powder,
handling. Company's 18 years delivered from our customers.
experience on nuclear fuel So far,at our company's Tokai
manufacturing tells that key plant about 5900 metric ton of
factors for the safe handling of uranium hexafluoride have been
UF6 are 1)installing adequate converted to uranium dioxide using
facility equipped with safey SMM ADU process,developed by
device,2)providing UFs handling Sumitomo Metal Mining, with an
manuals and executing them outstanding safety record.
strictly,and 3)repeating on and
off the job training for operators.
In this paper,equipment and PROCESS
operation mode on UF6 processing
at our facility are discussed. In the SMM ADU process shown in

Fig.l,vaporized UFeis fed into
hydrolysis column filled with

INTRODUCTION aluminum nitrate solution to give
uranium nitrate and fluorine

Since 19?3,Japan Nuclear Fuel complex. Purification of uranium
Conversion Co.,Ltd.(formerly nitrate from fluorine complex is
Sumitomo Metal Mining Nuclear Fuel carried out at TBP solvent
Division),has produced more than extraction column and diluted
5000 metric ton of ceramic grade nitric acid strip column.Purified
uranium dioxide powder and uranium nitrate is then
supplied to domestic BWR and PWR precipitated as ADU by ammonia.
fuel fabricators.Company's nuclear The ADU is filtered and then

37
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Fig. 1.

SMM ADU PROCESS

calcined to U308and finally (NH_)2U, O,
converted to U02using cracked -,2/3U30s+2Ntt3+H,O+l/30,
ammonia. Fluorine transferred into
raffinate at the solvent U3Oa+2H2-,3UOz+2H,O
extraction is recovered as
aluminum fluoride for industrial

reuse.The overall reaction of the UF6 PROCESSING EQUIPMENT
SMM ADU process may be shown as
follows: UF6 vaporizer ,hydrolysis column,

heel collecting equipment and
UF6+2Al(NO3)_+2H20 their accessories are major

-_UO_(NO3)2+2A1F3+4HNO3 concern for UF6 processing
equipment.

U02 (N03)2 +2TBP_UOz (NO_)5 .2TBP

UFs Vaporizer
2UO2 (N03)2 +6NH3+3H20

_(NH,)2U,O,+4NH, N03 Two steam autoclaves,availabie to
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30"and 12"cylinder,are provided give stable aluminum-fluorine
for process line to supply complex and the potential of HF6
continaous operation.These corrosion is minimized.
autoclaves are set inside of draft

room,which provides third Heel collecting equipment
containment.Vaporization of UF8
is carried out by indirect steam Small amount of UF6,normally less
heating through jacket, than 10kgs,is still left in

cylinder at the end of UFs
vaporization cycle. So called UF6

Hydrolysis column heel in cylinder is evacuated by
means of ejector using aluminum

Hydrolysis column is associated nitrate solution,instead of vacuum
with cooling column,holding column pump,mainly from safety standpoint
and '.ileiraccessories such as and is led into either heel
back-flowing prevention column and collecting cylinder or hydrolysis
scrubling column.These columns are holding column.Heel collecting
cylindrical and made from system is consisted of heel
stainless steel AISI 304 collecting cylinder,ejector and
equivalent which is allowed to use mist separater.
extensively at UF8 hydrolysis
using aluminum nitrate solution. The schematic flow diagram of
In hydrolysis reaction,aluminum abovementioned equipments are
reacts instantly with fluorine to shown in Fig 2.
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SAFETY FEATURES HEPA filter banks.UFs leak

detection is carried out by
Autoclave operation continuous monitoring HF which

is formed by the reaction of
1)Temperature control released UFe and available

moisture in the atmosphere.
To avoid tremendous reaction of Total six electrochemical HF8

steam and UFe,in the case of UF6 detectors with detection range
leakage from cylinder valve, of 0_ppm are furnished at UF6
indirect steam heating method is cylinder handling area.
applied at autoclave operation. Continuous and independent
It is essential to eliminate sampling of autoclave and
risk of cylinder overtemperature vaporization room exhaust is
and overpressure for autoclave performed to monitor possible
operation. Surface temperature of emission of HF.Recording and
UFs cylinder is controlled to alarm function of detector are
maximum 100_ and when it exceeds located in control room to allow

10(rC,the supply of steam is for superintendent to manage
automatically stopped by means emergency situation.
of closing steam valve.The first
pressure regulating valve is set To avoid pressure rise due to
at 5_/_'G with the downstream solidification of vaporized UFs,
pressure relief valve atl0_/_-G. UF6 line from the autoclave to
The second pressure regulating the next equipment is either
valve is set at 0.8%/cd,G with electrically heated or heated by
the downstream pressure relief steam to 80_i00_.
valve at l_/cd.G.Pressure of Line temperature is monitored
I_/_.G at the second regulating continuously and deviation from
valve is correspond to ll6_.It target temperature results in an
means that at our autoclave alarm.

operation cylinder temperature
of higher than ll6_ will be 3)Criticality control
never attained.

Criticality control of the
2)Radiological control autoclave system is achieved by

maintaining such limiting
In order to minimize the effect condition that single 30"or12"
to enviroment and reduce cylinder is set for one
personnel exposure in the case autoclave.Also,control of H/U
of UF6 leak during operation, limiting _ondition is performed
autoclave and vaparization room by providing back-flowing
are provided for second and prevention column between
third containment.Also these autoclave and hydrolysis column.
containments are associated with

plant's integrated exhaust Hydrolysis operation
system.When UF6 leak is detected
by the continuous and redundant 1)Radiological control
detection system,the cylinder
valve is automatically closed To avoid over-flow of hydrolysis
and the system is shut down with solution from holding column,
an alarm. Leaked UFs is vent to a level guage is provided at
the scrubber followed by pre and holding column. If hydrolysis
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solution level shoud exceed at nitrate solution.At Ist step,UF8

set point,UF6 cylinder valve is heel is evacuated into heel
automatically closed. In order to collecting cylinder under vaccum
avoid the back-fflowing of provided by ejector and then is
hydrolysis solution into 30" led into hydrolysis column.
cylinder, a blank column At 2nd step,rest of heel is
equipped with level guage is collected into holding column
furnished.The level guage of via ejector circulation tank.
b_ank column has a quite same Circulation tank is equipped
function as that uf holding with level guage and alarm.
column level guage. UF6 heel collecting cylinder is
Eevry hydrolysis line is either set inside of small draft room
electrically heated or heated by attached with HF detector and
steam.The line temperature is its gross weight is controlled
sensored by thermometer with to maximum 250Kgs.0nce HF
alarm, formation due to UF8 leakage at

draft room or overweight of heel

Special attention is paid for cylinder is monitored,UF8
prevention of UF6 injection cylinder valve is automatically
nozzle plugging by UO2F2 at closed with an alarm.
inlet of hydrolysis column. Heel cylinder temperature is
UFe injection nozzle is also controlled to maximum 100_.
fabricated minutely so as to When cylinder temperature
obtain continuous flow of UF6 exceeds 100_,steam supply to

and nitrogen carrier gas without cylinder is stopped.
interruption due to UF_
solidification or U02F2 2)Criticality control
formation.

Heel collecting system is also

2)Criticality control designed to be geometrical safe
configuration with equipment's

Each column is desined to be diameter of 260mm.

geometrically safe configuration
with 260mm diameter. Summary of operational control

Heel collecting operation Major interlock and control system
adopted at our autoclave,

1)Radiological control hydrolysis and heel collecting
operation are shown in Table 1 and

Heel collecting is carried out Table 2.
by the follGwing two steps

1st step collected till SAFETY RECORD
approximately 10Kgs
heel Incident/Accident

2nd step collected till Since 1973's reconversion
approximately 300grs operation commencement,neither
heel. incident nor accident on UF8

processing has been experienced,
Operation is performed by means though we have met with several
of ejector using aluminum troubles as usual.These troubles
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Table I. Interlock System

Detection/Monitoring Device Interlocked Equipment

HF detector at autoclave Cylinder valve
and UF6 vaparization room Control valves

HF detector at exhaust Cylinder valve
system of vaparization room Control valves

Exhaust system damper

Level guage at back-flowing Cylinder valve
prevention column and Control valves
holding column Aluminum nitrate solution supply

pump

HF detector at exhaust system Cylinder valve
of heel cylinder room Control valves

Table 2. Control System

Monitor ing/Detect ion/ Funct ion Funct ion
Control Item at control room on the field

A i B :: C A ::B ::C
: : :

Cylinder Temperature O i O O i O i....................................................................................................;. : .............._............_..........

UF HF at autoclave O i O oio'
Vaporization ......................................................................................................i i ..............:............"..........
equipment HF at vaporization room O ::O _ (D i O ::......................................................................................................_- i .............._............"..........

UFs line temperature i 0 i 0 0 i 0 1i i :. i
!

Solution level at holding 0 i 0 _ 0 i 0 i
column i :

...................................................................................................... ._.............. !.............................. _............ ;..........

Hydrolysis/ U conc.in hydrolysis soln. O ! O O i O i....................................................................................................._..............!..............................._.......................
Heel _ O i O O i O _!
Collecting/ Heel cylinder temperature i _ .............._.......................
Equipment ....................................................................................................._..............:................: 0 _ " o_0'_

Heel line temperature _ --
.................................................................................................... _............... !.............................. _............ "............

HF at heel cylinder room O _! O i O _iO i
..................................................................................................... +.............. !.............................. _............ ; ..........

HF at hydrolysis room O _ O _ O _!O i;

Remarks A'Indication
B-Alarm
C"Record
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are minor but are accompanied by CONCLUSION
the possibility of developing to
serious one with UF6 release. Over 18 years,UF6 reconversion of

about 5900 metric ton has been

Troubles performed at our facility without
any incident or accident

Typical troubles on UF6 processing accompanied by UF6 release.
experienced so far and corrective Provision of multiple better
action taken for them are containment and reliable interlock

summarized in Table 3. and control system and the use of
aluminum nitrate solution for

Evaluation on radiological control hydrolysis and heel collecting
operation may be the highlight of

To evaluate our radiological safety features on UF8 processing
control at UF8 processing area, at our facility.
past 5 years average data on
radiation, indicating quite
satisfactory,were compiled and
shown in Table 4.

Table 3. Summary of Troubles

Trouble Cause Corrective Action

Poor indication on UF8 plugging due to use Inspected all UF6 line
pressure guage of improper guage with guages

poor diaphragm Replaced with good one
Re-examined specification
of guage

Poor UF6 flo_ UF8 solidification at Heated valves and flanges
valves and flanges due _ith infrared lumps
to lack of heating

Discontinuing of UOiF2 plugging at UF6 Modified nozzle
hydrolysis injection nozzle (under patent application)
operation

HF detector Poor maintenance and Prepared detailed
misalarm calibration maintenance manual
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Table 4.

National Regulation I000

Weekly doze equivalent UF8 vaporization room 160
(uSvlW)

Hydrolysis room <50

-7

National Regulation 5x10

Airborne concentration UF6 vaporization room 1.3x10 -8
(Bq/cm 3 )

Hydrolysis room 9.6x10 -9

National Regulation 4

Surface contamination UFe vaporization room 2.4×10 .2
(Bq/cm 2 )

Hydrolysis room 6.5×10 -2



SAFETY PROVISIONS FOR UF 6HANDLING IN THE
DESIGN OF A NEW UF 6 CONVERSION PLANT

S P Bannister

Assistant Works Manager

UF_ Plant Projects
BritiSh Nuclear Fuels plc

Fuel Division

Preston, UK

ABSTRACT BNFL 'S HEX PROCESS

BNFL Fuel Division is currently Initial studies into the fluidised

undertaking the final design and bed hex production process were

construction of a new UF 6 conversion carried out at Springfields in the
plant at its production site at 1950s and a series of pilot plants

Springfields near Preston in the were operated successfully. There

north of England. The Company has was a delay in development until the

gained much experience in the early 1960s when a prototype plant

handling of UF6.during operation of was built. This was followed in May
plants on site slnce 1961. 1968 by the commissioning of the Line

1 UF_ production plant with a

The major hazard occurs during the capacity of 3,000 te U per year. The

liquification cycle and the basis of Line 2 UF_ production plant, having a
the maximum credible incident capacity 6f 6,000 te U per year, was

scenario adopted for safety commissioned in 1974. The Line 1

assessment and design purposes is plant was shut down in 1982.

discussed.

A diagram of the overall process is

This paper considers the design shown in Figure i. The system

features which have been incorporated comprises a recirculating gas loop

in the new plant to counter the driven by a reciprocating compressor

hazards presented by the presence of which maintains the pressure in the

UF 6 in gaseous and liquid form and loop essentially below atmospheric.
explains current thinking on The reactor is a vertical cylindrical

operational procedures in areas of monel vessel. The fluidising gas

potential risk such as cylinder flow of fresh fluorine and recycle

filling, gas (which includes nitrogen and

unused fluorine) enters via a

The plant emergency response distribution plate at the base.

philosophy and systems are described Uranium tetrafluoride is screw fed at

and specific design provisions which a controlled rate into the fluidised

have been included to satisfy the UK reactor bed. The bed consists of

regulatory bodies are outlined in classified Calcium Fluoride which
some detail, acts as a thermal moderator to

facilitate temperature control and

prevent overheating. During normal

operations the reactor is externally

air cooled to remove the heat

45
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UF° _ Fs -
. _ I SCRUBBER

FLUOR,NE I _ COMPRESSOR "

FIGURE 1 OUTLINE FLOW DIAGRAM

generated in the reaction. After • Minor UF_ Leakageb

filtration to remove entrained CaF 2 Major UF_ Release
fines the product gas stream is Radiological Hazards

routed through a primary and a

secondary condenser, cooled to -30°C, Minor UF 6 Leakage
where the UF product is condensed as

a solid. Th% residual gas stream is BNFL has experienced a number of

recycled to the compressor where the minor plant problems over the years,

system pressure is regulated by a which have resulted in localised UF_

bleed via scrubber to vent. releases. With a few exceptions_

these have all occurred during the

The primary condenser is taken liquefaction and cylinder filling

off-line when it contains cycle and have been associated with

approximately 20 tes of UF_. The a) flexible cylinder connectors,

secondary condenser is brought onto b) cylinder valves, or

primary duty and a fresh unit c) hex sampling equipment.

switched to secondary duty. The full

condenser is then heated to Major UF Release

approximately 90°C until the UF_ has 6

liquified at a pressure of around 2 During operation of its UF_

bar. The product hex is run off into conversion plants BNFL has maintaine_

cylinders and removed from the plant, adequate control to restrict releases

This part of the cycle presents the outside the plant to minor

maximum potential risk for a release quantities, and plant improvements

of UF 6. have been introduced to mitigate the
effects further. Other UF_

converters have experience_

HAZA/%DS significant problems which serve as a

sobering reminder of the potential

The main hazards identified for the effect of a major loss of UF_ to the
b

process are as follows: environment. The greatest potential

risk occurs during the condenser
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heating stage of the cycle, when up vapour. This figure is greater than

to 20 tonnes U may be present as UF 6 that calculated for an equivalent
in liquid form. leak in the condenser area contained

by the building and has been used

Radiological Hazards when designing emergency response

equipment.

The main radiological dose uptake in

the plant results from the
accumulation of the out of DESIGN CRITERIA

equilibrium uranium daughters Theta,
Pa m in the CaF reactor -5_d BNFL's general approach to the design

34 2
material which may typically have an of UF_ facilities follows the
activity of 1.25 M Bq/gm and leads to followi_g general principles:

restricted working times for the

operators during the weekly discharge i. Provision of high integrity

of the post reactor filters and the vessels and equipment to

three times a year reactor bed achieve reliable primary

change. These operations contribute containment.

a significant percentage of the

annual operator dose uptake. 2. Where potential for release of

UF° exists, to provide

Maximum Credible Incident additional secondary

containment incorporating

For safety assessment purposes the interlocks and alarms where

worst credible event has been taken necessary.

as rupture of the condensers, failure
of filled cylinders and total 3. In areas of identified risk, to

building collapse allowing escape of provide automatic leak

all UF_ released to the environment, detection and responseb

A mean condenser UF 6 inventory based equipment.
on the process cycle has been

calculated as 9 tonnes (only one In the event of a leak in one of the

condenser is liquified at a time), plant areas the main objectives are:
It has been assumed that half of the

filled cylinders remaining on the I. To protect operating personnel.

plant during solidification each
containing 50% liquid hex will fail. 2. To limit the scale of the

Applying calculated vapour fractions release.

of 0.6 and 0.5 respectively gives a

worst credible release of 14.8 tonnes 3. To contain the UF_ and products

UF . Such a release has been within the plant, b

calculated to give a dose of 3.8 mSv

to a member of the public at the site 4. To remove the UF 6 and
boundary, decontaminate the area.

The worst credible major leak has The design target for routine

been taken to occur as a result of occupational exposure is that the

valve damage on a recently filled 48Y whole body dose to an individual

cylinder containing 12.5 tonnes UF . employed on the plant shall not

A calculated vapour fraction of 096 exceed 15 mSv pa, and average

gives a release of 7.5 tonnes of UF6 exposure for all persons employed in
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the plant shall not exceed 5 mSv. above) did not occur more frequently
than i in i000 years. Consequently,

In addition, BNFL has developed a it became necessary to design the

suite of Accident Risk Criteria which building for a 1 in i000 year

are incorporated in the Company's earthquake equivalent to a horizontal

Health and Safety .4anual. The ground acceleration of 0.i g.

relevant criteria for the design of

the UF 6 Plant are: The emergency shutdown system was
installed to prevent a large escape

• Frequency of Member of Public of UF6 in the event of accidental
dose of _00 mSv shall be less damage or pipe failure.
than I0-- per year.

It was then necessary to demonstrate

• Frequency of Member of Public the integrity of the vessels and

dos_ of i0 mSv shall be less than structure under all conditions up to

I0 - per year. 0.i g. To avoid designing the UF6
pipework to stringent seismlc

• Frequency of Site Emergencies criteria a seismic switch set at
shall be less than I0 per year. 0.05g (I in 50 years) has been

incorporated into the emergency

• Frequency of other minor events shutdown system to guarantee that

of lesser off-site significance liquid UF6 in the condensers is
shall be less than 10 per year. isolated before the pipelines fail.

These criteria apply to the sum of Much greater design consideration

risks from all plants on site. than envisaged was needed for the

plant steelwork and many problems

with vessel support and location had

REGULATORY REQUIREMENTS to be solved. The emergency shutdown

system is designed to shutdown the

The regulatory body in the UK for plant and isolate UF_ in the

nuclear sites is the Nuclear condensers using a hard bwired trip

Installations Inspectorate (NII). system. Key components, including

Proposals for new plants are subject the condenser liquid UF outlet

to a series of safety submissions and valves, have had to be doub_ed up to

require approval by them. There have meet a NII requirement that no single

been two major areas of impact on the failure can render the system

plant design where the NII have ineffective.

insisted on design provisions. These

were: It is worth noting that the new UF6
Plant safety submission to NII were

• Design to seismic standards, based on average conditions (eg

average weather conditions, average

• High integrity emergency shut UF 6 inventory). Recent trends
down system indicate that future safety

submissions will have to be based on

BNFL had not expected to design the co-incident worst case situations

plant to meet seismic criteria. The which will impose even more

NII applied their own safety restrictive requirements on plant
principles, however, which required designs.

that the maximum credible event (see
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DESIGN FEATURES experience gained within BNFL and by

other' UF6 converters, are
Hex Containment Principles incorl_rated into the filling station

to protect against overfilling,

Liquid UF_ will only be present in leakage and damage during the filling
the follow-lng area: cycle:

The Condenser Room • Completely Sealed Filling Station

The UF_ Cylinder Filling Station
The UF[ Cylinder Storage Area • Remote external operator Control

Panel

The main reactor circuit contains

gaseous UF_ and fluorine, but the • Removal of Cylinder Transporterb
operating parameters are such that Motive Power

the pressure is sub-atmospheric in

the majority of the system. Hence, • Automatic Cylinder Overweight

there will only be in-leakage to the Trip

process. The quantity of material in

the circuit, except for the • Automatic/Remote Valve Closure

condensers, is comparatively small Device

and the potential for a major release
is considered to be low. • Hex Release Detection Alarm and

Trip System

The building housing these areas is

designed to a high integrity level to • Semi-Automatic Hex Sampling Rig
achieve a satisfactory standard of

leak tightness and incorporate • Emergency Extraction

features such as self sealing doors,

door alarms etc. The plant • Closed Circuit TV Survei].lance

ventilation system ensures that these

rooms are maintained slightly below ° Temperature Monitoring and Trip

atmospheric pressure to guarantee a on Hex Line Trace Heating

net in-flow of air. Where pipework

carrying UF 6 between the areas passes The condenser area has been designed
outside it is enclosed in sealed according to similar principles where

ductwork to isolate it from external applicable, specifically a fully

areas, sealed containment area is provided

and a UF 6 leakage alarm system is

The importance of the UF 6 filling installed which activates the
station has been recognlsed and emergency extraction.

particular attention has been paid to

achieving a high containment UF 6 Release Alarm System
standard. The station itself has

been made as small as possible, The UF_ release alarm system is

consistent with satisfactory access install_d in the condenser room, the

for operations. Interlocks, alarms cylinder filling station, and the

and warning signs will be used to cylinder storage area. Detectors

ensure containment is maintained (particle ionisation type) are placed
during filling operations, at strategic points and an alarm is

raised if any two detectors alarm

The following features, building on simultaneously. This is done for
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reliability reasons. In event of an The emergency scrubber is a shared

alarm the following actions take facility serving the existing site

place automatically. UF_ plant and AHF facilities as well

asVthe new UF_ plant and operates on
i. An alarm sound_ locally and at a ist up basi_. Figure 2 shows the

all entry points overall system. The scrubber has
been designed to cope with a worst

2. An alarm sounds in the control credible major leak of 7.5 tes UF 6 at
room an initial rate of 56 kg/min. A

spray tower scrubber operating with
3. An alarm is raised in the Site water has been selected to avoid

Emergency Control Room problems with blockages. It has been

calculated that the vapour exiting

4. A co,trolled plant shutdown is the scrubber will contain up to

initiated 49,000 ppm UF 6 or 11,670 ppm of AHF
which will be diluted further in the

5. A vacuum is applied to the main plant discharge stack to 410 ppm

cylinder filling system through UF_ or 98 ppm AHF. The normal
a stand-by condenser discharge limit for HF is 10 mg/m_(9

ppm), however, this facility is

6. The emergency scrubber is designed to mitigate environmental

activated providing a vent path impact in an emergency and
calculations indicate that there

7. The area is automatically would be insignificant effect on a

isolated form the normal member of the public at the site

ventilation system boundary.

8. All key valves on the liquid UF_
lines, including condenser drain OPERATIONAL CONTROL

valves and cylinder valves, are

closed automatically The plant control philosophy has been

designed with the intention of

Emergency Scrubber reducing the potential for operator

_ error on important control operations

sr_K _* to an absolute minimum This has
SCRUBBER

been backed up with a system of alarm

and automatic trips to prevent unsafe

_._ situations occurring. The operator
interface is via a computerised

Distributed Control System withinI ,

_ _ which important sequences are

_o _ initiated by the operators, carried
C,L_R -_ _I out automatically by the system and

F_.L_v require operator confirmation ofcrucial steps before proceeding.

c,L_ra_ _ _ Condenser sequencing and cylinder
,T_A_ CO._.St, filling operations are examples. In

_* the latter case a satellite panel is

provided at the filling station to

permit direct supervision.

FIGURE2 EMERGENCYEXTRACTION SYSTEM
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In the important cylinder filling PROJECT STATUS

station the design has ensured as far

as possible that it is difficult for The main building contractor

operators to carry out the process completed work on site in July 1991.

incorrectly. For example, the Mechanical, Electrical and Instrument

cylinder is positioned in the filling installation is in progress and all

station on an air powered bogie; the major plant items have been

air supply must be disconnected to positioned. Installation is

allow the door to close, and the scheduled to be completed in phases

control system will not allow the during 1992. Installation checking

filling sequence to proceed unless and system performance demonstration

the door is shut. for each plant section will then

follow. Commissioning on uranic

feeds will commence in January 1993

and full scale production is

scheduled for April 1993.



IMPLEMENTATION OF CONDUCT OF OPERATIONS AT
PADUCAH URANIUM HEXAFLUORIDE (UF) SAMPLING AND

TRANSFER FACILITY

S. R. Penrod
Operations Department Head

Paducah Gaseous Diffusion Plant
Martin Marietta Energy Systems, Inc.

Paducah, Kentucky USA

ABSTRAC"r analysis is performed as part of the Nuclear
Materials Quality Control program. The

This paper describes the initial planning and facility also has transfer capabilities that allow
actual field activities associated with the the transfer of UF6 from Department of
implementation of "Conduct of Operations. _ Energy (DOE) cylinders to customer cylinders.
Conduct of Operations is an operating The development of the implementation plan
philosophy that was developed through the and the methods used in the field will be
Institute of Nuclear Power Operations described.
(INPO). Conduct of Operations covers many
operating practices and is intended to provide
formality and discipline to ali aspects of plant BACKGROUND INFORMATION
operation. The implementation of these
operating principles at the UF 6 Sampling and Following the initial development of the
Transfer Facility resulted in significant guidelines for Conduct of Operations by
improvements in facility operations. INPO, Martin Marietta Energy Systems'

Operations Division, Paducah, initiated actions
in August of 1989 to develop a similar

INTRODUCTION document for non-_,.actor nuclear facilities. As
a result of these efforts, "Guidelines for the

This paper is intended to provide an overview Conduct of Operations at Gaseous Diffusion
of the activities associated with the Plants" was issued in March 1990. In July
implementation of Conduct of Operations' 1990, DOE issued Order 5480.19, "conduct of
principles at the UF6 Sampling and Transfer Operations Requirements for DOE Facilities,"
Facility. The UF 6 Sampling and Transfer which superseded the gaseous diffusion
Facility receives UF6 shipments from domestic document.
and foreign customers and feed suppliers for
enrichment. The facility was constructed in Prior to issuance of the above documents, a
1981 and ships and receives approximately need had been identified by Martin Marietta
4,000 UF6 cylinders annually. A statistical senior management to improve the formality of
number of these cylinders are heated in steam operations and f.ncility appearance throughout
autoclaves to obtain a homogenous liquid ali Energy Syrtems' l'acilities. In order to
sample for laboratory analysis. Samples are accomplish this upgrade, a pilot facility was
also obtained from a statistical number of selected at each site to achieve the desired

process product and by-product cylinders. The standard of operations. The UF6 Sampling

53
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and Transfer Facility was selected to serve as DOE 5480.19 is divided into 18 chapters, listed
the pilot for the program at the Paducah Plant. as follows, to show the comprehensive nature

of the program.

PROJECT PI_ANNING 1. Operations Organization and
Administration

In order to establish an overall scope for the 2. Shift Routines and Operating Practices
project, a steering team was appointed. The 3. Control Area Activities
team developed an action plan that served as 4. Communications
the initial focal point. The action plan 5. Control of On-Shift Training
contained numerous steps. These action items 6. Investigation of Abnormal Events
can be categorized into seven areas: 7. Notifications

8. Control of Equipment and System Status
1. Facility Appearance or Material Condition 9. Lockouts and Tagouts
2. Design Basis Documentation Review 10. Independent Verification
3. Training Program Enhancement 11. Logkeeping
4. As-Built Drawings 12. Operations Turnover
5. Procedure Upgrzdes 13. Operational Aspects of Facility Chemistry
6. Maintenance Planning and Unique Processes
7. Operations Control System Upgrades 14. Required Reading

15. Timely Orders to Operators
To provide an understanding of the desired 16. Operational Procedures
bench mark, s:eering team members visited 17. Operator Aid Postings
several nuclear reactor power generating 18. Equipment and Piping Labeling
stations within the United States that had
received top ratings by INPO. To provide direction concerning the facility

specific requirements for each of these
chapters, a total of 22 administrative

IMPLEMENTATION OVERVIEW procedures were identified for development.
As these procedures were developed, trial field

Meetings were held with other plant support implementation was conducted at the Transfer
groups to provide an explanation of the and Sampling Facility. This provided
project objectives and to obtain input from invaluable insight into the barriers associated
these groups. Support organizations, such as with the change prior to site-wide
Quality Assurance, were solicited to afford implementation.
each an opportunity to implement a program
improvement from their area of expertise.
This activity was successful in not only SUMMARY
informing the plant of the implementation
plan, but also in obtaining their commitment to Conduct of Operations is a disciplined and
provide needed support. In addition to these formal way of operating a facility. The
meetings with the support groups, meetings benefits are improved operatioozl safety,
were held with the facility operators. When improved efficiency, and an ability to instill a
the initial meetings with the operators were sense of pride and ownerzhip in facility
held, we did not realize the vital importance of personnel. Implementation of the Conduct of
obtaining the input and support of these Operations philosophy at the Transfer aad
individuals. Sampling Facility has provided an example of

"how things are to be done" for other plant
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facilities and has provided near-term evidence
of what would be required in achieving
excellence in ali aspects of facility operations.
Implementation of Conduct of Operations is
an ongoing process. As the principles are
implemented, other areas of improvement are
identified. The principles have proven
themselves in reducing reactor trips and
improving safety in nuclear power generation.
Similar benefits are achievable through
applying Conduct of Operations in non-reactor
facilities, as has been recognized by Martin
Marietta Energy Systems, Inc. and the United
States Department of Energy.
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URANIUM HEXAFLUORIDE: A MANUAL OF GOOD PRACTICE
ORO 651 REVISION 6

R. H. Dyer
Oak Ridge Field Office

United States Department of Energy
Oak Ridge, Tennessee USA

ABSTRACT and how to safely handle it. The purpose of this
paper is to make point out the changes that have

The United States Department of Energy publishes been made between the fifth and this, the sixth
a document containing UF6 handling procedures revision.
and descriptions of the approved UFs cylinders.

Since its initial publication in 1966, it has been First of all, in recognition of the new emphasis
frequently revised to provide more and better that the document is taking, its title has been
information. The principle additions to the sixth changed from Uranium Hexafluoride: Handling

Procedures and Container Descriptions torevision which will be discussed are:

• more detail on the physical and chemical Uranium Hexafluoride: A Manual of Good Handling
properties of UFs Practices.

• cold trap description and operation

• cylinder emptying and filling concepts CYLINDER HEEL RECYCLE
• basis for cylinder fill limits

• short- and long-term cylinder storage One of the major concerns in filling a cylinder is
• cylinder photographs and drawings showing the possibility of a vigorous reaction if the liquid
major dimensions UFs were to come in intimate contact with liquid

hydrocarbon oil. There is no way to sample an

INTRODUCTION empty cylinder to determine the presence of oil.
Therefore an agreement between customer and

ORO 651 is a document that DOE and its supplier as to the type of equipment to be used

predecessors publish to provide guidelines for for cylinder evacuation must provide the safety
packaging, handling, and measuring assurance for a cylinder heel recycle program.
uraniumhexafluoride. Since the first issue in

1966, it has undergone five revisions, each time By cylinder heel recycle we mean that if a UF6
to expand on the previous version and include cylinder has been emptied until only a heel
additional information. For the past year we have quantity of UF6 remains, and there is assurance
solicited suggestions for improvement from that there has been no chance that any
domestic and foreign uranium processors. A hydrocarbon oil could have been accidently
team of knowledgeable people from the Oak Ridge, introduced into the cylinder, it can be returned to
Paducah, and Portsmouth Gaseous Diffusion the diffusion plant for refilling without having to
Plants have taken these thoughts, along with be cleaned. The assurance of no oil is provided by
many of their own, and have produced the sixth inspection of cylinder processing equipment at the
revision that is being first issued at this customers facility. Things that are looked for are
conference. Our goal is to provide a compendium the kind of vacuum pump--some utilize
of data and fundamental concepts on which to base hydrocarbon oil, while others do not. If it is an
safe operations with, and transportation of UF6. oil sealed pump, is there an oil trap?

The document is not intended to be a source of The section concerned with customers returning

engineering detail cylinder or specifications but empty 30A and 30B cylinders with heels in them
rather to present information about what UF6 is for refilling has been expanded to recognize the
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60 Uranium Hexafluoride Handling

5A and 5B cylinder flow, and that DOE returns
empty cylinders with heels in them to the feed COLD TRAP DESCRIPTION AND OPERATION
manufacturers, ali of which transactions should
be considered a part of the cylinder heel recycle A chapter has been included to give a general
program, overview of a cold trap system that can be used

for purging UF6 from cylinder connections. This

schematic drawing illustrates the concept.
PHYSICAL PROPERTIES

In order to work with UF6 it is important to /_

thoroughly understand its physical properties. _1 2--- -"
Drawing heavily on the document Uranium ii_:ii _:i;.!
Hexafluoride: A Survey of the Physico-Chemical C i-_._':;_{' _.!:i
Properties, R. DeWitt, January 29, 1960, 0 ii.'_)'.. _i'i
Goodyear Atomic Corporation, the phase diagram :--;:.:.;-_: ;)))'ii
has been redrawn and applicable portions of it ::::"" _'"....... :",":'. 4
included in the operating sections. Also new f,.-..: _.T.'::
density curves are presented for the solid and L:::II:::. ..V:.
liquid phases to emphasize this aspect which is so _:..:A.'.." ".A';'

important to understand in calculating cylinder I_l I! _l ';i-'_:::" _"_fill limits, f_.:.:_...:._:__ .:.-.,'.

To those of us who grew up with the gaseous • "- "-
diffusion process, vacuum or negative pressure
conditions are second nature; however, we
frequently find that others who are used to A 5B, 8A or 12A cylinder is mounted in a

mechanically refrigerated cold bath on a scale.
working only with positive pressures do not The ANSI N14.1 design temperature for these
understand vacuum the way we do. To help
overcome the difficulties encountered in cylinders is -40°F which establishes the minimum

temperature for the bath. The dip tube valve is
discussing sub-atmospheric pressures, or

connected to two chemical traps in series
vacuum, we have included a description of the

followed by a UFs detector, an oil trap, and acommon scales used to measure vacuum and a
scale conversion curve, vacuum pump. The purging technique of

alternately pressuring and evacuating the pigtail

0 i i i [ ! i ,_' is explained.
i! ; :: li

•s--.............i-:::.-:---------....!_____!::___.!.,8._,..!
! i i i !J'] :: 600 UFs CYLINDER EMPTYING
: I t ,_ _ i

•I0 :-'-'.....;---_---::..................... _

_ "....----!.....i---! S00 A section has been included concerned with
! _i / i i : = general concepts of emptying the UF6 from a

_' ! J .........I i ,..._ z

...........................El T,.in,,.o,,ar,i ii _{i .'i i .300 pressure before heating so that any abnormalities
•20.............. i _ i.... ...................--- i !----I:..... can be detected and corrected while the UF6 is

i ..i :: :i ,zo cold and at subatmospheric pressure is stressed.
.z,......____lJ_....'.....E .... L....i.:

....Y---ii......i.........-....i.....r----;---I
i i i I ,100 A general description of a pigtail to connect the

/ ',',/_ il : i I cylinder to the process is given. The following=- :: ! ' 0, I , , r :

0.0 s.0 10.0 cross section of a cylinder valve with connected
pigtail is included to illustrate that the valve

I_ packing gland is also leakrated when the pigtail is
VACUUMUNITCONVERSION leakrated because of the loose fit of the ACME
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threaded valve stem and body. If no leak is corrected before the UF6 is admitted.

evidenced, there is no necessity to tighten the The internal pressure should be measured to
nut. assure that it is less than 5 psia. If the cylinder

is part of the heels recycle program, 5 psia is the
vapor pressure of UFs at 100°F and, because the

gas is condensible UF6, it will not contribute
significantly to the final total pressure of the
cylinder. However, if the cylinder is a new or
recently cleaned cylinder, the 5 psia or less
pressure will be air. When the liquid is admitted
to the cylinder, this contained air will be
compressed by the incoming fluid and the total
cylinder pressure will be the vapor pressure of
the liquid UF6 plus the ever increasing air

pressure as it is compressed into the diminishing
volume of the ullage.

When the liquid is first admitted to the evacuated
cylinder, it will flash to gas and solid, and this
will continue until the cylinder pressure exceeds
the 22 psia triple point condition. The pigtail and
cylinder valve must have external heat applied to
them to avoid plugging while this initial phase
change is taking place.

Any non-condensible gas, like air, in the ullage of
a full UF6 cylinder will be compressed to a higher

pressure due to the 30% expansion of the UFs as UFs CYLINDER FILL LIMITS

heat changes it from solid to liquid. If a full
cylinder is heated with the valve closed, it is A detailed explanation is given of the logic for
possible to exceed the cylinder design pressure, establishing safe UF6 cylinder fill limits. At the
The significance of the value obtained by completion of fabrication, a cylinder is filled with
measuring the cold cylinder pressure is water, weighed, and this weight is stamped on
discussed. A safe cold pressure of less than 10 the cylinder nameplate. The American National
psia is advocated. Standard, Uranium Hexafluoride - Packaging for

Transport, ANSI N14.1 specifies minimum water

When a cylinder is emptied to a process whose weights for each type of cylinder. As long as the
operating pressure is greater than atmospheric, nameplate weight exceeds the ANSI N14.1 value,
the heel of UF6 remaining in the cylinder will be the internal volume of the cylinder is guaranteed

greater than the maximum heel weight for to be greater than a minimum acceptable value.
shipping. A technique for utilizing the sub-
atmospheric pressure in a cold empty UF6 The published fill limit weight is derived by using

the density of liquid UF6 at 250°F and calculating
cylinder is suggested as a heel reduction system.

the quantity required to fill 95% of the minimum
cylinder volume. By this method of calculation,

FILLING A CYLINDER WITH LIQUID UFs because ali cylinders are larger than the
minimum, at least 5% ullage to avoid hydraulic
rupture is assured when a full cylinder is heated

A section has been added to describe the concepts to 250°F. In ANSI N14.1 these weights are
to be considered when filling an empty cylinder designated as "Maximum Fill Limits" and are the
with liquid UFs. Again it is stressed that a values recognized by the Department of
thorough cylinder inspection be made so if Transportation for shipments. In ORO 651 Rev 6,
anything is out of specification it can be they are designated as "Shipping Limits" to
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connote that these are the maximum values that SHORT- AND LONG-TERM STORAGE

can be shipped out of a plant on the highway. This
distinction is made to recognize that internal Operation of the uranium enrichment enterprise
plant conditions may require safe handling of necessitates the storage of large numbers of UF6

cylinders containing greater than "Fill Limit" cylinders. The practices and criteria for this
weights. For example, some cylinder liquid filling activity at the United States operations are
applications require exceeding the fill limit by included.
several hundred pounds, which is then removed
as vapor to purify the liquid UF6 by removing

volatile impurities. In this operation, the liquid is CYLINDER DESCRIPTIVE SECTION
at a lower temperature than 250°F. The density

of the liquid UF6 at this lower temperature can be In response to popular demand, the outline
used with the certified minimum volume to drawings with major dimensions have been
calculate a safe 5% ullage for this operation, returned to the cylinder descriptive section.

These drawings were removed from Revision 5 to
emphasize that ORO 651 data was not to be used

SHIPPING for cylinder criteria. Cylinder specifications and
criteria are .0JaJ£found in ANSI N14.1

The section concerned with shipping UF6 cylinders

has been expanded to recognize present day
conditions. A compilation of the principal DOE REFERENCES
orders, regulations, certificates, standards, and
resource material pertaining to UF6 Uranium Hexafluoride - Packaging for Transport,

transportation has been included. ANSI N14.1-19g0, American National Standards
Institute, New York



UF6 OVERFILLING PREVENTION AT EURODIF PRODUCTION
GEORGES BESSE PLANT

Jean-Marie RENEAUD

Operations and Facility Manager
EURODIF PRODUCTION

GEORGES BESSE Plant, Pierrelatte FRANCE

ABSTRACT Eurodii_sEuropean shareholders are the

Italian companies AGlPand ENEA, the

Risk of overfilling exists on different Spanish company ENUSA, the Belgian

equipments of Georges BESSE Plant : companySYNATOM, the main shareholder

cylinders, desublimers and intermediate isCOGEMA.
tanks.

The preventive measures are composed of
technicaldevices:desublimersweighing,load

monitoring alarms, automatic controls...and

procedures,training,safetyorgani_ation.

Inthirteenyears ofoperation,some incidents

have occured but none ofthem has caused any

personal injuries.They are related and
discussed.

The main factorsinvolvedin the Sequoyah

fuelfacilityaccidenton I/4/1986have been

analyzedand taken intoaccount.

NOMENCLATURE Figure I.EurodifGeorges Besse Plant

I.P.S.N. : Nuclear Protection and Safety

Institute(Atomic Energy Commision) The plant went intooperationin December

P.C.E.:Ethylene,Tetrachlorocl2.c= C-Cl2 1978, and reached itsfullcapacity of I0,8

REC :Reception,Controland Shipping Unit MSWU in June 1982.Since itsstart-up,the
S.C.C.:CentralControlRoom planthas been operatedas planned

SCSIN cDSIN) : Nuclear FacilitiesSafety The groups are locatedinsidefourbuildings,

National Department. the process pipes run between the six sub-
cascades and the connection lines to the

TCE:Ethylene, TrichloroHCI-C=C-Cl2 "Annexe U '° (the installations for
introductionand extraction of UF6 to and

INTRODUCTION from the cascade). The cascade feed and
withdrawal can reach 35000 metric tons of

Eurodifs Georges Besse gaseous diffusion UF6 per year. The units concerned by
enrichment plant, located in the Rhone Valley overfilling risks are those where UF6 is
in France, can provide each year the enriched liquified : U Annex and Control and
uranium requirements for one hundred 900 Shipping Unit. Inside these units, equipment
MWe light water nuclear plants, exposed to UF6 overfilling risks are mainly
Today, its customers consist of 45 utility cylinders, cold traps and intermediate tanks.

operators from ali over the world, Electricit_
de France (EDF) being the most important (1).
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64 Uranium Hexafluoride Handling

OVERFILLING RISKS The volume of the liquid produced on melting
is about four-thirds of the volume of the solid
(5_. So, if some solidi.fieation of the UF6 occurs

An overfilled UF6 cylinder is one that during several hours of filling, it is possible
contains a quantity of UF6 which, when to fill a cylinder with more UF6 than it can
heated to working temperature, would expand physically hold at elevated temperatures (3)
sufficiently to reduce the gas volume above The important physical characteristic that
the liquid (ullage) to less than 5% of the must be considered too when liquid UF6 is
cylinder volume. If the quantity of UF6 is placed in c:,linders is the change of liquid
sufficiently large, the ullage can be density as a function of temperature. Figure2
completely filled at which point hydraulic shows this relationship and it is this factor
deformation and possible rupture of the which can create an overfilling if not properly
cylinder can occur (2). taken into account. (4)
• An overfilled desublimer can be damaged for So, for handling liquid UF6 sufficient
the same reasons, freeboard called ullage must be maintened for

, , liquid expansion for the temperature range at
whichtheliquidistobeheated.

c SHIPPINGLIMITSOFCYLINDERS

,oo - - The shipping fill limits of cylinders shown in
the next table are calculated from the known

liquid UF6 density-temperature relationship
and the temperature for each kind of cylinder
(2). Shipping limits are based on 121°C

2 '_ - - maximum UF6 temperature which provides a
5% ullage for safety• The operating limits
applytoUF6 witha minimum purityof99,6

50 - .

e

2S cyhnd, r .'mntmum AppmJnm_ttve Shlppmg :tmtt raam

model n' votum, thters ;ant _i[ht'kl_ ktl zounds

' I I I
_ooo _soo ,ooo ,soo sooo 30B 736 635 2 277 5020

o,,,,,y _9/,,,_ 48G 3936 1 179 12 174 28001
Figure 2. Denaiti_ of SoUd and 48Y 4 041 2 359 12 501 27 560

Liquid UF6
48F 3964 2359 12261 27031
48Z 4445 13 750 30 314

UF6

One physical characteristic which must be
consideredwhen UF6 ishandledincylinders COLD TRAPS

isthe densitychange when the material Becauseoftheircrystallisation-meltdown
changes from solid to liquid and the cycle, cold traps are exposed to major
continuingliquiddensitychangeasa function hydraulicrupturerisk.The UF6 coldtrapsusedatEurodifaredescribedinthefollowing
oftemperature,seeFigure2. chart.
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Number :61 The cylinder was filled with an amount
contents : 29 to 3 100 liters exceeding 12 501 kg (27 560 pounds}
Routine UF6 loads 20 kg to 4 500 kg
Full limits 100 kg to 10 450 kg The "Fault Tree" is shown here (7).
Operating temperatures

. 15° -+-100*C ethylene, tetrachloro Analysis of Sequoyah Fuels accident
35* + lOO°Cethylene, trichloro Fault Tree
76* + 80°CFREONI't CCI3F

A to accomodate 14 tons cylinders

The cylinder was not placed

The test pressure of the desublimers is l 1 bars fully on the scale
(11.105 NEWTONS/m2) and a burst test

showed that a pressure of160 bars is required [Twha:p::c_::d_l_hett:[th::bl_nde r __to cause the first signs of cracking, the weak 8

points being the sensor lines. [afteritwas overfilled [w_:g ]
OVERFILLING RISKS (inaoilitytodeterminecylinderweight|

More or less serious incidents can occur on There was nosecondaryoralternate |
facilities in France or elsewhere that carry out ?activities equivalent or similar to those of C way to measure the quantity ofmaterial in a cylinder being filled
Eurodif, namely in UF6 operations.

(no redundancy of measurements)

SEQUOYAH FUELS ACCIDENT

On January4 th,1986,a 48 Ymodel cylinder IEquipment formonitoringor

of uranium hexafluorideopened up while it laut°maticallyventingcylinders

was beingheatedinan oven,at theuranium D thatarebeingtreatedwasnot
fluorination plant located near Gore, providedforbytheplantdesign

Oklahoma (USA} and operatedby Sequoyah
Fuels Corporation. (the excess of load can not be eliminated} ,,

This accident caused the death of a plant I[ Cylinder [

employee and intoxication of several other Employee violated compagnv I I . ......... " I I overmang

people subsequent to exposure to the vapors E proceuures when taeheated an I t t

overfilling cylinder 1_-_produced by the released uranium .....

hexafluoride (UF6), especially the hydrogen d) Ifluoride.Emission of toxicvapors lasted (Procedureswerenotrespecte
roughly40 minutes.Carriedby windsblowing

at 40 km/h, the cloud was visible more than F [ Unsuitedsteamchest[ _-'-I Heatlngofthe

1.5km away fromthesiteoftheaccident, l o,'e_t_ll_ng
The reportby the investigationcommittee, cylinder

entitled"Ruptureof 48 Ymodel UF6 Cylinder
and Releaseof Uranium Hexafluoride",was

published in February 1986 under the I c:_"'_'ierlreference"NUREG- 1179, Vol.I.". rupture
The accident is one of the most serious
accidents known yet involving uranium
hexafluoride (UF6), given both the human _ r, nd lTF_ J

consequences as well as the amount of UF6 _-"-_" -_
released: approximately 13 tons of natural
UF6.
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In the french plants handling UF6, incidents Although each of these functions is specific.
or accidents for overfilling reasons have never with numerous configuration alternatives due
occured..Nevertheless, a working group was to the complexity of connecting circuits, a
constitued in 1986 for studying the causes of cylinder filling operation, in theory, is based
the accident of "Sequoyah fuels" and an on the following procedure
inquiry was made by the S.C.S.I.N. *

1. After liquification of the UF6 at 80°C or
Each plant analysed every cause of the 100°C, it is transferred in the liquid state from
accident and a report was published by a desublimer to intermediate vessels referred
[.P.S.N. to as the UF6 Intermediate Tanks.

EURODIF EXPERIENCE 2. UF6 flows from the intermediate tanks into

a cylinder.
No incident occured on cylinders.

This principle is illustrated by the process
A few incidents have caused the deformation diagram of the enriched product withdrawal
orruptureofequipmentitemssuchassensors function.seeFigure3.
and valves on the desublimers due to I

overpressureduringdefreezing,subsequentto I
excessiveaccumulationof UF6. This was ,,-_plp IR
causedby one of thesituationsdescribedin _P2 oo
thenextparagraph. _p_ u

C
-"_P4 T

3 incidents occured on desublimers during the s
period of startup. Then, an extra weigl-,ing

OVERFILLING PREVENTION AT
EURODIF

At Eurodif,operationsequivalentto those
involvedin theaccidentat Sequoyah Fuels,
namely cylinderfillingand emptying,are
carriedoutinspecLficunitsofU Annex and TANKS
RE._...CC.
Theseoperationscorrespondtoveryprecisely
definedfunctions•

-withdrawalofenrichedproduct, tT_ tststageof desubhmers"15*C CYLINDER

- withdrawalofdepletedproduct(orwaste _ zM . . - "_s'c
product), _ WEIGHING

-feedingcascadewithUF6,
-extractionand filling, Figure3.Enriched P withdrawal unit
-skimming andemptyingdamaged cylinders.

Overfillingat Eurodifpotentiallyinvolves
intermediate tanks, desublimers and
cylinders.The followingdiscussioncovers
"overfilling"conditions,the measures to be
taken toavoidthem, and proceduresto be
followedin theeventthatoverfillingshould

•SeeNOMENCLATURE occur.
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CYLINDERS CYLINDERS FOR WITHDRAWAL OF
ENRICHED OK DEPLETED PRODUCT

No handling or filling operations involving (P and W)
cylinders require heating with valves closed.
Each filling cell is designed for only one model The only possible piace where heating could
of cylinder, the cylinders normally used in the occur is at the liquid flow pigtail heated by
plant are models 30 B, 48Y and 48Z (cylinder infrared tubes.
specific to Eurodif, having the same diameter Weighing devices are installed on the cylinder
as model 48Y, but with a greater nominal filling stations, designed for th_ cylinder
capacity • 13.7 tonnes of UF6}. Only these models in use, i.e. 48Y and 48Z at ali stations,
cylinders are used at the filling stations, and 30 B at the transfer unit.
Thin-wall models 48G can be used to feed UF6 This equipment provides accurate
into the cascade by means of low-pressure feed measurements of the cylinder filling rate. In
procedure (UF6 sublimated at 85"C at a addition, the measurements are checked to
pressure of 0.Sbar). (6). ensure coherency and are verified by a

computer by comparing the quantity
extracted from the upstream vessel and the

UF6 FEED STATIONS quantity received, making sure that this
Cylinder accosting is carried out according to quantity is less than the maximum
the normal procedure, and at the end of a admissible limit.
defined time period, if pressure has not
reached a predetermined threshold, an Preventive routine maintenance is
"alarm" is indicated on a screen in the SCC. conducted by qualified personnel. Any
Through pressure monitoring and the occurence of derailing due to a wheel
accosting procedure it is possible to avoid malfunction would be detected by the fact
heating a feed cylinder while the needle valve that, in this case, the carriage wheel brake
is closed, would not lock.

When a cylinder is heated, its valve is always
open. lt can be closed from outside the oven. - The filling station has been designed so that
A temperaturecontrollermaintainsthe the only possible contact between the
electrical heatingat 110*C and switches off at carriage-cylinder assembly and the filling
120"t2. equipment is provided by the carriage wheels

and the flexible tube used upon accosting.i

r". .... F-
I " ' Accosting the cylinder in the facility by

means of a rigid or semi-rigid coupling
- ] guaranteesthatthecylinderand thecarriage

! /_ f'_ If" [ are in correct operating condition. The

' carriage is locked in piace i_y a brake shoe

locking device connected to the flexible tube
for accosting in such a _vay that accosting
cannot be completed unless the cylinder is

II po i oed ore tly,se, Figure4.The cylinder and its cart are totally free from
_J --_ the equipment, thus handilyoperatedand

controlled.
The limitsoffillingaregivenby ORO 651 for

'i cylindertemperaturesrespectinga 5% ullage.
see Figure5.

Figure4.Brake shoe lockingdevice
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3t_

S_ ukLAG| AT

.t_,,t,,,_,t If the weight of an empty cylinder _tare
'. _.,_._o,,,_,,,,,,,_,, weight)ora fullcylinder(grossweight)shows

",. ,s,_c,,o_o,c,L._o_, an excessgreaterthan 500 kg, an alarm t_
ACTUAL vOk_CE

,,o__,_,_,_A,, signalled in control room.
+,,t,++,_., A model 30 B cylinderthat issupposedtv_'Z00

empty cannot be accostedifthe difference
betweenthe measured weight and the tare
weightisgreaterthan2kg.
Dependingon theunit,cylindersarefilledu.'* from the intermediatetanks in one or two

O_
_,,,oo phases(maximum 4 hours).

The extractionand fillingfunctions

The UF6 extractand fillfunctionsarecarried

outat the same station.The corresponding
,z,oo operationsare performed in three ovens

equipedwithweighingdevices.

At Eurodifthisisthe only cylinderfilling

++ ,** ,,s ,,0 ,,s .20 station equiped with a heating system.
°C

Figure5. Model 48(F,G,Y)cylinder In the extraction-fillingoperation the
safefillllmits ambient temperatureis kept above 80"C,

makingcrystallizationofUF6 impossible.

Weighing System of cylinders INTERMEDIATE TAN KS

- Cylinder filling is stopped by automatically - The level ._ensor of the intermediate tank
closingtheliquidflowvalvewhen one ofthe ensuresnormal filling.A thresholdequalto
followingconditionsoccurs' 95% ofthemaximum valuestopsallflowfrom
The predeterminedmass of productto be the desublimer The level is checked

transferredisreached,which isthe normal systematicallyeachtimetheunitisdrained
operatingsituation.
The highthresholdrepresentingmaximum Pressure in the intermediatetanks is

admissiblemass isreached, monitoredby thresholdwhen Ltisexceeded,
.The variationofthelevelmeasurement from an audiblealarm is triggeredin Central
the UF6 intermediatetanks(sourcevessel} ControlRoom (SCC).The intermediatetanks

correspondstothequantitytobetransferred, are heated at 80"C. UF6 flows from the
desublimers at a tt_mperature of

The man of the flow ismonitored by the approximately95"C-I00"C(nooverheatingof
centralcontrolroom, and checked by the a liquidina closedvessel).
operator. -A computerprogram isusedtocompare the
See Figure6. difference between the amounts of UF6
The cylinders presented at the filling station trapped in the desublimer and that which has
are first checked by weight. The residual mass flowed into intermediate tanks.
of the product is generally less than L0 kg.
The operator takes into account the residual If the difference ts greater than a given
mass, indicated on the accosting sheet, by quantity (around 200 kgj a alarm state is
modifying the predetermined mass of UF6 to indicated on the screen in the SCC.
be transferred.
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ii i ii

¢OMPuYER

COLD TRAP OVERFILLING --............_ (,T,****,._,,,.,.,r
AkmfmII remJItof Calculoflo¢_

PREVENTION *_,__o,,,m,,

_).ol[5uot_MIfJI (2) OesuOIImw _gl_

aoove_gn
Alidesublimersareequippedwitha weighing _ "m"
system that checks the mass trapped and
verifiesthatthismass doesnotexceeda high

threshold. See Figure 6. ,_)_ .--_ ,***
The mass accumulatedinthedesublimersis t-- ,.yt,.,to,.,_ _u._._.o_.

double-checked" _ , ,,., ,,_, ,_t ,oo,.._,

by "overfilling detectors" mounted on the
desublimers,basedon theuseofloadcellsor (,, ,)c_.,
strain gauges. The filling rate is controlled too (,)w._,_ _,_ ,_.
by computer on the basis of integrated mass _._r_._,_,_,
(flow ratextime), (s).._.._ _,,**Jfcvi_ _

by level detectors mounted on the UF6 _. _'"("'_,_,,_,.
intermediate tanks to avoid overfilling (and (_)
alsoused to determinethe amount of U F6 _ _.(6)c,.-,_c,_,,,_

l cvtmotn | , _gm_ae.cof_

transferredtothecylinders). __ //i _'*'**_*"*'*_"*"
An excessiveaccumulation of UF6 in a _ Q ,,

desublimermay becausedbyany ofthe coN_,tmoo._ {_--_(7)_,_,_m,v,_,,
•following: _,c,,_ ,**-.

-Flowmetermalfunction. Figure6.UF6 loadmonitoring
- interruptionand re-startof atttomatic
cycling,
-leakageofUF6 throughinsufficientlysealed IN CASE OF OVERFILLING
cutoffvalvesinthecaseofprolongedfreezing, At Eurodif plant,in case of overfilling,
feedingofunexpectedquantitiesofUF6 in cylinders are always connectable to a

the caseofresidualUF6 recoveredfrom a trapoingunitwhich operatesin continuous
deviceorcircuit, runningduty.

Treatingan overfilledcylinderis always

The principleofoverfillingdetectorsconsists performedwithoutheatingby trappingin a
in monitoringthe development of micro- cold state desublimer under continuous
deformations engendered in the support controloftheUF6 removal•
structure.This system detects a high Thereisa factorofalmost2 betweenthehigh
thresholdwhichissignalled: thresholdand the maximum accidental
-inlocaloperator'sroom,on a panelcommon weight which would correspond to a
to all desublimers, with data on each desublimerfullofliquidUF6.
desublimm', The proceduretobe followedupondetectionof
-incentralcontrolroom,on theprocesspanel, overfillingisgiveninan instruction.Most of
withan alarm thatcentralizesallalarms, thehighthresholdsdetectedsincethesystem
For the firstfreezingstages(highcapacity has been put intooperationcorrespondto
desublimers)fourstraingaugeswere placed thresholdoverrunson desublimersin the
on thetwo bean- that supporttheupstream secondfreezingstages,alwayswellbelowthe
and downstream endsofthedesublimer.For safetythreshold.
smaller desublimers,with low trapping These overrunsappearonly when the units
capacity,twoorfourloadcellswere installed, arestopped,duringdrainingand cleaning
dependingon theconfiguration.
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operations of the corresponding unit. The operating procedures and instructions
Overfilling is therefore handled according to a are made available to per!,onnel. Modifled or
pre-established opera "ing procedure, new procedures are submitted to the person tn

charge who must sign them to attest that they
Summary of the General Instruction have been received.

Applied at Eurodif Members of personnel are tested to ensure

thatunderstandingofthe procedures

For cylinders isup tolevel.

I.The cylinderfillingrateisdetermined by at -Training insafetymeas_ "esisensured by a

leasttwo independent means •continuous mandatory trainingclass.Ali new operators

weighing of cylinder,measurement of the must participatein a three-month practical

variations levelor calct:!ationof the mass training session, accompanied by an

containedinthevessellocatedupstream, experiencedoperator

2.After filling,the cylinderissystematically -The engineer on standby duty at home is

weighed a secondtime ina differentfacility, keptinformedofany incident.

3.Beforeany heatingoperations,the cylinder -Operationsare recordedina stationregister

is weighed a second time to ensure that the or log.

,, cy}.indermass does not exceed the admissible
mass. CONCLUSION

4. Instructionsexplicitlyprohibitheating of

_.n overfilledcylinder Excess product is

removed from the cylinder without Appliance of all these UF6 load survey

application of heat by trapping at low devicesand regulationsavoided overfilling

te_.pe,'atu.--eina desublimer, incidentsand accidents,foran amount of2200

5.When a cylinderisheated,the valve ofthe cylinderand 20 000 desublimers fillingsin

cylinder must be leftopen. The cylinder EurodiSduring 1990.

heatingoperationismonitored by measuring lthas been very important for EURODIF to

pressureand temperature,regulatedto 115°C know the circumstancesand consequences of

with cutoffofpower supply at 120"C. A cold the accidents which occured in other UF6

trap is kept "cold" at a standby state to enrichment o,'processingplants.

continuously absorb any eventual A large exchange of data, reports and

overpressure, experiencesisessentialforlimitingthe riskof
Ovens are located in a confinement area handling nuclear materials " we hope this

| forming a thirdbarrier,and the airinsidethe exchange willbe maintained.
ovens ismonitored by leakdetectors.

Operatinlzprocedure..ss

- The person in charge (shift or unit REFERENCES

supervisor}can be replacedby hisassistantor

a person with the same statusfrom another tI)J.F.PETIT.J.Y.BARRE -Anenrichmentplantforthe
shJ_. presentandbeyondtheyear2000.Apr-.Z:g90TOKYO_'APA2q

_2_ORO 651rev.5.Sept1987-page15.
_3)NCRSURVEY- NUREG I179.VolI.

Ruptureofmodel48Y-UF6 cylinder.

_41Safety-relatedeventsatU.S.gaseousdiffusions

plants-J.E.SHOEMAKER Conf.880558.

t51E.J.BARBER -'l'hephysicalandchemicalproperties
ofUF6- MMES.

_6)J.L.SALANAVE andJ.M.RENEAUD-Corff.880558.

,7)Studyofprotectionand NuclearSafety[nstltuteon

SequoyahFuelsaccldent.
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SUMMARY

UF6 overfilling risks are known by ali
operators of enrichment and processing
plants. Some incidents or accidents occured,
the latest in Sequoyah fuels facilities.
The overfilling prevention at EURODIF Plant
is described, it consists of three fields :
equipments, controls and procedures.
Cold tr_vs present a special problem, the mass
of UF6 is difficult to appreciate by flow
control, so, an extra equipment of weighing
has been implemented in addition to the
current monitoring.
The experience of all operators handling UF6
is very important to improve Safety.



REUSE OF ACTIVATED ALUMINA

John E. Hobensack
Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Piketon, Ohio 45661

ABSTRACT activated alumina is a one-time use trapping agent.
Exposure of the activated alumina to process vent

Activated alumina is used as a trapping media to streams eventually renders the alumina ineffective
remove trace quantities of UF6 from process vent as a trapping agent because of uranium loading-
streams. The current uranium recovery method and/or irreversible conversion to a less effective
employs concentrated nitric acid which destroys the trapping form duc, to the presence of corrosive
alumina pellets and forms a sludge which is a gases. The alumina in this state is considered
storage and disposal problem. A recently developed "spent" and, unlike the sodium fluoride, there is no
technique using a distilled water rinse followed by in-piace process available for facile regeneration and
three dilute acid rinses removes on average 97% of reuse. Currently the spent alumina is either stored
the uranium, and leaves the pellets intact with crush or processed for uranium recovery. Mounting costs
strength and surface area values comparable with of storage associated with accumulation of spent
new mater.; I. Trapping tests confirm the alumina and the uncertainty of ultimate disposal
effectiveness of the recycled alumina as UF6 prompted feasibility studies for reuse of the
trapping media, alumina. These two handling methods are not

appropriate for either waste minimization goals or
INTRODUCTION cost effective handling of the alumina waste. In

reprocessing, the alumina is currently treated with
The uranium hexafluoridt. (UF6) process gas in the 3N HNO3 which effectively removes the uranium,
Portsmouth Gaseous Diffusion cascade contains low but also destroys the physical integrity of the
molecular weight gases or "lights", chiefly nitrogen alumina pellets. Disposal costs of the resultant
or air which must be removed to maintain cascade sludge are about one dollar/pound a year for
operations. Several processes and/or operations are storage and $60/ft 3 for burial. New material costs
involved in separating the light gas impuritieswhich are about $0.80/1b with current usage ranging from
ate eventually drawn by an air-jet ejector through 12,0C,0to 15,000 lbs/year. The reuse of 50% of the
banks of activated alumina or sodium fluoride traps annually consumed alumina would result in direct
to reduce the residual uranium content prior to annual savings of about $70,000. Reclamation of
discharge to the atmosphere, used material currently stored, but untreated, could

eliminate new material purchases for several years.
The chemical traps are used at several precess vents
to assure radioactive discharges are maintained as EXPERIMENTAL
low as reasonably achievable. Several monitoring
systems determine the need for trapchangeout, and The tests consisted of; (1) evaluating simple
include space recorders, continuous vent samplers, aqueous based leaching procedures to remove the
trap breakthrough gamma monitors and grab bulk of the uranium from the spent alumina, (2)
samples, evaluating the physical properties of recovered

alumina, and (3) performing UF_ trapping tests with
The sodium fluoride traps are capable of in-piace the ,'ecovered alumina from several trap sources.
regeneration through multiple cycles of use, while
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Leaching Tests -- The uranium concentration on the 18" traps, and UF 6 was passed through the trap at
spent alumina varies widely depending on the trap 8.1g per hour at 2 psia. Tests were also performed
location. The a:umina also varies with respect to the comparing the performance of the regenerated
(AIF3) aluminum fluoride content which can range alumina as a function of the AIF3 content as shown
from 0 to a high percent AIF3. Samples of spent in Table 2.
alumina utilized in this study contained .2544 grams
U/grams and .0003 grams U/grams, and were Table 1 Physical Properties
selected as being representative of high and low
values typically encountered. For init!al tests, fifty Recycled
(50) gram quantities of spent alumina containing New Alumina Alumina
little or no AIF3 (this source represents more than
half of the alumina waste) were subjected to various Crush Strength 300 lbs/in z 750 lbs/in z
reagents and concentrations with an attempt to

minimize waste solution generation and retain Surface Area 274 mZ/gm 200 m2/gm
compatibility with current recovery methods. Each
50 gram sample of material was placed in a 500ml *A1F3 component is absent as determined by x-ray
beaker and covered with 200ml of reagent, lt was diffraction.
found that 80% to 85% of the uranium could be

removed using distilled water. Uranium concentra-
tion in the solution reaches a maximum in about

one hour. Subsequent uranium removal is Table 2 Comparative Uranium Loading After
enhanced by the use of dilute (0.3N) HNO 3. Three Regeneration
(3) tests using the initial distilled water wash
followed by three consecutive HNO 3 treatments Spent Material U-Content (%)
gave a total U removal of 95.3%, 98.8% and 96.9%. o_ A1F3L..." after Trap Test
Following the leaching tests, the material was air-
dried at 2(KI*Fto remove excess moisture. 0 13.1

2.4 5.6

Leaching tests were also conducted on spent 80 2.9
alumina which was partially converted to aluminum
fluoride (A1F3) as a result of exposure to reactive *Determined by x-ray diffracti_ t_.
fluorinating gases and contained considerably lower
uranium loading. Material with two different levels
of AIF3 were evaluated, namely, 2.4% and 80% CONCLUSIONS
A1F3. For this type of spent alumina, the initial
distilled water treatment was found to be With a large percentage of the alumina used on

ineffective, however, two (2) 0.3 N HNO 3 plantsite being potentially recyclable, the dilute
treatments reduced U content to background or nitric acid leaching method has the possibility of
non-detectable levels, reducing the inventory of stored contaminated

waste, reducing new material purchases, and

In ali tests pellet integrity of the spent alumina was allowing uranium recovery using available material
and technology.essentially preserved in the leaching process.

Physical Properties and Trapping Efficiency of
Recovered Alumina - The crush strength and
surface area of the recycled alumina pellets and new

alumina pellets, are compared in Table 1. To test "Thesubmittedmanuscript has been authored byu contractor
the trapping effectiveness of the recycled alumina, of the U.S. Government under Contract No. DE-AC05-

530 grams were prepared using the distilled 76OR00001.Accordin_y,_ U.S.Govern,*en!retains•
nonexclusive, royalty-free license to publish or reproduce the

water/nitric acid rinse procedure described above, published form of this contribution, or allow others to do so,
The recycled material was introduced into 3" O ) x toru.s.Governmentpurposes."



Operations"
Safety in Cylinder Handling



ALTERNATIVEMETHODOF RETESTINGUF6 CYLINDERS

R. Christ
Nuclear Cargo + Service GmbH

Hanau, Germany

ABSTRACT LEGALBACKGROUND

The paper describes an alternative The possibility to apply alterna-
method to perform the periodic in- tive non destrucctive test proce-
spection of UF6 cylinders. The hy- durcs for retesting pressure ves-
draulic test is replaced by ultraso- sels in general and specifically
nic checking of wall thickness and UF6 cylinders is layed down in the
by magnetic particle testing of all follow regulations and guidelines"
the weld seams. Information about
the legal background, the air leak a) German pressure vessel regula-
test and the qualification of in- tions (I)
spectors is also given.

b) German and European regulations
for transport of dangerous goods

INTRODUCTION (2)

The standardmethod of periodical c) IAEA TECDOC 423 (3)
inspection and test of UF6 cylinders "For retestingany other equiva-
is layed down in 0R0-651 (Rev. 5) lent non destructiveexamination
chapter 7.4.2 and consists of inter- acceptable to the competent
nal/externalexamination,a hydro- authoritymay be applied"
static test and an air leak test.

d) Draft ISO-Standard7195 (4)
The disatvantageof the hydrostatic "... or an equivalent procedure
test on packagingshaving contained acceptable to the national com-
radioactivematerials is that the petent authority"
water used for the test becomes con-
taminated. This is not a problem In compliancewith b) the proposed
when the hydraulictest is performed procedure has been reviewed and
following a emptying and cleaning approved by the Bundesanstaltfur
procedure as in this case waste wa- Materialforschungund -prUfung
ter has to be processed anyway. (BAM), Berlin, as the competent
Outside of plants receivingUF6 authority for mechanical/thermal
however it would be preferableto evaluation of packagingsfor the
have a "dry" test. transport of radioactivematerial.

Therefore a non-hydraulicalterna-
tive test procedurehas been deve- PROCEDURESTO CHECK MECHANICAL
lopped and been approved. Also the INTEGRITY
air leak test has been modified to
avoid high pressing testing. There The hydraulictest is replaced by
is no change in respect to internal checking wall thickness and the
inspection.
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integrity of weld seams. INSPECTORS

For checking wall thickness a portab- The periodic inspectionsand tests
le ultrasonic wall thickness gauge is are performedby a qualified inspec-
used. lt employs the pulse-echome- tor of a state-operatedinspection
thod with transit time evaluation, agency entitled to approve and re-
The nominal accuracy can be optimized test pressure vessels. Such inspec-
continously in the measuring range to tors must have a degree in mechani-
+ 0.1 mm. cal engineering and be trained in

non destructivetesting.
Before testing begins, the operator
calibrates the instrumentwith a test
piece of known thickness. REFERENCES

Readings are taken on the surface of (1) Druckbeh_ilterverordnung
the cylinder at about 100 - 150 mm (GermanPressure Vessel Ordi-
intervalls.This is assumedto be nance), 27.2.1980
sufficient to evaluate general cor- BundesgesetzblaLtI, S. 184
rosion effects.

(2) GGVS, GGVE, ADR, RID"
Weld seams of the cylinder and seams Provisions for packaging and
attaching the stiffening rings are transport of Uranium hexafluo-
100 % inspected for cracks by the ride,
magnetic particle test. This test marginals 3771. 4(e) respective-
procedure has been selected because ly 1771, 4(e)
under the given conditionsthe prepa-
ration is easier and crack indication (3) IATA-TECDOC-423
is more reliablethan using the dye Recommendationsfor providing
penetrationmethod. Moreover,exist- protection during the transport
ing paint need not to be removed, of uranium hexafluoride

IAEA Vienna, 1987

AIR LEAK TEST (4) Draft ISO/DIS Standard 7195,
proposed changes agreed on the

The test is performed by checking the London Meeting of TC85/SC5 WG4
valves and fittings with the soup in January 1989
bubble method. In a transparentbell
attached to the area of the valve and
of the plug a vacuum of about 0.5 bar
is produced and maintained for at
least 1 min. Soap bubbles indicate
non acceptable leaks.



TEMPORARY PATCHING OF DAMAGED UF6 CYLINDERS

A.L. Cardenas
Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Portsmouth, Ohio 45661

ABSTRACT on a series of epoxy patching materials to evaluate
their resistance to thermal cycling, and resistance to

Patching techniques based on application of epoxy corrosive gas atmospheres. Lap joints of corroded
resins have been developed for temporarily steel and aluminum prepared with the candidate
repairing UF6 cylinders which have sustained epoxies were exposed to thermal cycles of between
relatively minor damage and must be safely 250"F and 75"F, and to thermal cycles between
emptied. The method is considerably faster and -103*F and 131*F. These tests were followed by
simpler than metallurgical weld repairs. Laboratory exposure to UF_ gas at 400 mm pressure and 200*F
tests, detailed operational procedures, and case for extended periods.
histories of experience at the Portsmouth Gaseous
Diffusion Plant are described. In more severe tests the candidate epoxy patching

materials were also evaluated for resistance to

INTRODUCTION fluorinating gases. Monel plates (1" x 1") were
joined with the adhesive and exposed to F2/CIF3

UF6 cylinders are susceptible to several types of atmospheres at 300°F and 400mm pressure for test
damage duringhandling, transportation and storage, periods ranging from one to three weeks. The
The valve area, bosses, and walls of cylinders are corrosives gas atmospheres were changed daily
particularlyvulnerable to impact-induced leaks, and during the test periods.
create problems in rapidly implementing corrective
action to prevent or minimize UF6 outgassing Following exposure to the corrosive gas
during disposition of the cylinder. Standard atmospheres, pressure leak testing was also
metallurgical repair methods are time consuming conducted on samples containing a pin hole which
and relatively different with UF6 filled cylinders, had been covered with epoxy.
Since normal UF6 transfer procedures are
impossible under such circumstances, a simple, The best results of the laboratory evaluation were
rapidly-appliedandtemporaryleak-repairprocedure obtained with the Epoxi-Patch 6C Aluminum
is essential to stop the active leak and allow the safe compound, lt demonstrated excellent adhesive
emptying of the cylinder. Temporary patching properties after the thermal cycle testing, and
techniques based on application of epoxy resins showed no evidence of exothermic reaction or burn-
therefore have been developed to handle relatively up during the corrosive gas exposure. The results of
minor or small cylinder breaches. This method has the pressure leak testing showed that no
been employed with 272, 10 and 14 ton UF_ degradation had occurred after a one-week exposure
cylinders for sealing cracked valve couplings, to any of the corrosive gases. However, three
breached walls, and a pinhole in a weld area. minute leaks were detected after a two-week
Laboratory tests, detailed operational procedures exposure, and extensive mechanical degradation of
and case histories of experience at the Portsmouth the patch occurred after the three-week exposure to
Gaseous Diffusion Plant are described, the F2/CIF3 atmospheres.

MATERIAL EVALUATION Finally, a field test was conducted on a simulated
defective weld on a ten-ton thick-wall cylinder

Laboratory screening tests were initially performed exposed to the steam environment of an autoclave.
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Cold rolled steel plates, measuring 1" x 4" x 0.0195" Putty", feather edged with water, and allowed to
were curved to fit the contour of the weld. The cure. The cylinder wall is coated with epoxy and
surfaces of both the plates and cylinder were the contoured cover plate applied. Slight pressure
prepared for bonding and then mated with the on the plate is maintained by taping the patched
epoxy. The patch was allowed to cure for sixteen area with masking tape. Normally, 24 hours are
hours before the cylinder was placed in the necessary for the epoxy to cure during warm or
autoclave. An inspection after exposure to the summer seasons. If ambient temperatures are
autoclave atmosphere showed that the patching lower, between 48 and 72 hours are required.
material had excellent resistance to the steam.

CYLINDER PATCHING HISTORY

MATERIALS AND EQUIPMENT FOR
PATCHING DAMAGED CYLINDERS 1) A ten-ton thin-walled cylinder started leaking in

the process of being loaded into an autoclave.

1) Wire brush

2) File (metal) A pin hole on a weld was successfully sealed
3) Portable electric drill with a rotary wire brush with epoxy without the use of a cover plate.
4) Emery cloth The cylinder was then emptied by cold feeding
5) Acetone and/or Freon 113 Degreasers to the cascade.
6) Kim Wipes

7) Aluminum plates 1/16" thick (fabricated to 2) Four 10-ton cylinders with small leaks in the
cover the damaged area) valve thread region due to a cracked boss or

8) Split aluminum_.oUars 1/16" thick witha 13/8" improper seating of the valve have been
hole or with hole (fabricated) successfully patched.

9) Nickel wire mesh screen

10) Pig Putty (brand name) - 2 component epoxy In these instances patching was accomplished
stick using a three square inch collar fabricated from

11) Epoxi-Patch 6C Aluminum (brand name) - 2 1/16" aluminum plate. A 1 3/8" hole was cut in
component epoxy system - diethylene triamine the center of the plate which was then sectioned
curing agent in half. The two halves of the collar were

12) Masking tape contoured to fit around the boss area.

PATCHING PROCEDURE The surfaces were prepared for bonding and
mated with the epoxy. The collar was pressed

The damaged areas on the cylinders to be patched against the boss area and held in place with
should be of free of iron oxide, oil/grease, and masking tape.
uranium deposits.

The patches on the cylinders were inspected
The surface to be patched is cleaned with a wire after the successful completion of the cold
brush, rotary wire brush, metal file, and emery cloth feeding and they were found to be in very good
followed by degreasing with either acetone or Freon condition, with no leaking experienced during
113. Aluminum cover plates and/or split cover the feeding.
plates or collars are custom fabricated to cover the

damaged areas. These plates or collars are sanded 3) A 2Y2-ton cylinder was accidentally hit in the
on the bonding side to provide more surface area valve area which resulted in a bent valve boss.

for better adhesion. The plates or collars are then The damaged area was kept cold with bags of
epoxied to the cylinder over the damaged area. dry ice to prevent outleakage. The damaged
Cylinders with ruptured walls are patched by first area was inspected and deposits around the
attaching a nickel wire mesh screen cut to the size valve stem area indicated the presence of a
of the hole. The back side of the screen is covered small leak.

with a thick coat of "Pig Putty'' and forced into the

hole. The top side is then coated with the "Pig The leaking area was cleaned and a split
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aluminum collar was contoured around the "Pig Putty" into the hole. This initial patch was

boss/valve area. The surfaces were prepared applied to prevent HF from reacting with the
for bonding and then mated with the epoxy cover epoxy during curing. The epoxy putty was
(Figure 1). then applied to the top side. Water was used to

smooth and feather the epoxy.

Because of the decreased temperatures, the cure
time for the resin was increased from 24 hours An aluminum cover plate (6" x 7" x 1/16" thick)

to 48 hours. The patched area was inspected was fabricated with a 1½" right angle bend so
four days later and showed no evidence of that the plate conformed to the curvature of the
leakage. The dry ice packs were removed, and cylinder and the stiffening ring. The cylinderand cover plate surfaces were prepared for
no leaks were detected when the cylinder bonding and then mated with epoxy in such a
reached ambient temperature. The cylinder was manner that the right angle of the plate seated
successfully emptied by cold feeding, against the stiffening ring and also covered the

plugged hole (Figures ZA and 2B). Masking
tape was used to hold the cover plate and apply
pressure to the patch area. After curing, the
cylinder was successfully emptied by cold

_" ."_. feeding.

5) An inspection of a 2½ ton cylinder showed that
half of the plug boss external to the cylinder was
missing, lt was also observed that the boss had
probably not been recently damaged because the
area had a new coat of paint. The damaged
area did not appear to be detrimental for the

:." normal transfer of UF 6 because the plug had
five threads engaged and there was no indication
of leakage. However, to ensure the integrity of
the cylinder, the damaged area was patched.
Only half of a split aluminum collar was
contoured to cover the damaged area. The

: surfaces were prepared for bonding and then
mated with the epoxy. The patched area was
inspected and the cylinder released for cold
feeding according to approved methods.

SUMMARY

Figure 1 Valve Boss Patch On 2½-Ton Cylinder Using the epoxy patching technology, eight damaged
Employing Split Collar UF 6 cylinders have been successfully patched and

safely emptied. The patching technique effectively
sealed leaking areas of a defective weld, damaged

4) A 14-ton tails cylinder was found to be leaking bosses, and in one case a breached cylinder wall.

during an inspection of tails cylinders in storage Operations was able to successfully transfer the UF 6
yards. Apparently the lifting lug from an from the patched cylinders by cold feeding at
adjacent cylinder had impacted the cylinder ambient temperatures of approximately 100°F.
during stacking and resulted in a depression

approximately 4" long, and 3/4" to 1" wide (the The removal of UF 6 from a damaged cylinder has
width of the lifting lug) located near a stiffening extremely high priority because any release is a
ring. The actual size of the hole was 1" x 1½". major environment concern. The advantage of
The damaged area of the cylinder was cleaned applying an epoxy patch is that it can be rapidly
and the 1" x 1½" hole was first plugged by applied. In contrast, a metallurgical weld patch
fo,cing a section of nickel screen, coated with involves considerably greater time and cost because
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of the required permits, fabrication of a specific the patched cylinder should be performed as soon
cover plate, and the services of the weld shop, as as possible. These patching methods are effective
well as the required monitoring of the welding, for leaks resulting from relatively minor damage

and are not intended for situations involving major
The disadvantage of the epoxy patch is that it is cylinder damage.
only temporary and the removal of the UF6 from

Figure 2A Aluminum Plate Contoured To Fit Over DamagedArea of 14-Ton Cylinder
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l

Figure 2B Completed Patch Over Damaged Area of 14-Ton Cylinder

"The submitted manuscript has bee,, authored by • contractor
or the U.S. Government under Contract blo. DE-AC0S-

76OR00001. AccordiDr,ly, the U.S. Government retains •
aonexclusive,royalty-freelicensetopublishor reproduce
published[ormor thisconu'ibution,or allowoUsersIo doso,
for U.S. Government pu_"



URANIUM HEXAFLUORIDE...
Liquid Thermal Expansion, Elusive Eutectic with Hydrogen

Fluoride, and Very First Production using Chlorine Trifluoride.

G. P. Rutledge
Consulting Scientist

Central Environmental, Inc.
Anchorage, Alaska, USA

ABSTRACT diagramas wellas the UFe-HF-CIF3phase
diagramwitha miscibilitygapstartingat 53oc.

Three unusualincidentsand cage histories
involvinguraniumhexafluorideinthe The historicalbackgroundleadingto the first
enrichmentfacilitiesof the USA inthe late useof CIF3to produce UFein both the
1940's and early 1950's are presented, laboratoryand plantat K-25 is presented.

The historyof the measurementsof the
thermal expansionof liquidscontaining NOM ENC LATU R E
fluorine atoms withinthe moleculeis reviewed
with specialemphasisuponuranium T temperature
hexafluoride. A comparisonis made between
fluorinated esters,fluorocarbonsand uranium Tc criticaltemperature
hexafluoride.The quantitative relationship
between the thermal expansioncoefficient,a, a the expansion coefficient,a, is defined
of liquidsand the criticaltemperature,Tc is as (dl-d2)/d2(T2-T1)wheredi is the
presented.Uranium hexafluoridehas a a that densityat the lowertemperature,T1,
is very highin a temperaturerangethat is used and d:,and thedensityat T2.
by laboratoryand productionworkers- much
higherthan any other liquidmeasured. This Tav(TI+T:,)/2; average temperature
physicalpropertyof UFehas resultedin
accidents involvingfillingthe UFecontainers LIQUID THERMAL EXPANSION
too fulland then heatingwitha resulting
ruptureof t',le container. Such an incidentat a Asa researchfellowat the Universityof
uraniumgaseous diffusionplant.is presented. Tennessee in the 1946-1948 time period, one

goal wasto make densitymeasurementsof
Productionworkersseldom "see"uranium liquidsand identifysome withvery high
hexafluoride. The movementof UFefrom one coefficientsof thermalexpansion(a). As
containerto another is usuallytrailed by reported inthe thesis(1) and later ina scientific
weight, not sight. Even laboratoryscientists journal (2) the fluorinationof an organic
seldom"see"solidor liquid UFeandthiscan compound increasesthe coefficient.
be a problemat times. This inabilityto "see"
the UFe-HF mixturesinthe 61.20C to 1010C Ethylacetate has a highexpansioncoefficient
temperature range caused a delay inthe typical of esters. Ethyldifluoroacetatehas an
understanding of the phase diagram of UFe-HF even higher coefficientand ethyl
w[:.;chhas a liquid- liquid immiscibleregionthat trifhJoroacetatehas a coefficiont30% higher
made the eutectic composition somewhat than that of the difluoroacetate, 1.83 x 10-3per
elusive. Transparent fluorothenetubes degreecentigrade, compared with 1.41 x 10-3
solved the problemboth for the UFe-HF phase at the same temperature.
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Ethyl trifluoroacetatehad the highest expansionof bothsolid and liquidUFeusing
coefficientmeasured duringthe Universityof densitymeasurements documented in K-445
Tennesseeresearchthat endsd in early 1948. (5) (6) and densityas a functionof temperature
Anothergoal of the U-T researchwasto equationsforsolid UFeand liquidUF8at the
developan equationthat wouldcorrelatethe a criticaltemperature(8).
withthe criticaltemperature(Tc) of the liquid
(3). Table 1. Volume Percent Increase

(dlld2-1)(100) of UFs as a function of
Upon joiningthe uranium gaseousdiffusion temperature
laboratoryat K-25 inJune of 1948, there was
an obvious curiosityin knowingthe thermal
expansionand criticaltemperatureof more Temp.0C Volume
fluorocarbonssince additionaldata were now Density_ml Increase _s
available.However, the liquidthat really
excited me at K-25 was not organicbut P..._._to _ 6.8% Solid, UFeto

5.194 to 4.863 thetriple point
inorganicuranium hexafluoride.Of the seven

atoms inthiscompoundsix are fluorine. 64.02 to _ 34.0% Solid toLjg,gj¢l,

The fluorocarbonsexaminedin r.eportK-419 4.863 to 3.630 change of state,
(4) did indeed have highthermalexpansion triple point

coefficientsand one of the compounds, 64.02 to _ 9.5% Liauid, handling
hexadecafluoroheptane,had a higherthermal 3.630 to 3.316 temp. range:triple
expansion, 1.9 x lO-a,than ethyl point to 235oF
trifluoroacetate.

115 to _ 155% Lia_uid,temp.
Now for that uniqueand importantcompound, 3.316 to 1.302 approachesTc
UF6. The <zis very high. In fact, it is higher .........................................

than any liquidmeasuredand reported inthe 79 to 121_ 8.6% LdggJ._,1750to
literature. Usingdensity measurements 3.539 to 3.259 2500 E 0R0-651
available in 1948, the expansionscoefficient
reached 1.84 to 2.86 x 10-3inthe 810to

1460C temperature range(5) (6). This 2.86 x Note that the volume percent increase column
10-3value is muchgreater(over50%) than numberscannotmerely be added for a wider
anythingreported inthe U-T projector in temperaturerange. The volume percent

increaseingoingfrom solidUF8at O0Cto liquid
K419. Note the UFsmeasurementismade at a UF6at113oC is 56.6% not50.3%. PerUFe
pressure greater than one atmosphere. Liquid handlingprocedures,0R0-651, Rev. 5, p. 9,
UF8does not existat a pressureless than 1.5 "tofillor emptyUFecylinders,ali linesare
atmospheresand temperaturesbelow640 C. heated to maintaina temperature inthe range
Nevertheless the comparisonswithother of 170oto 2500 F (790 to 1210C)." If an
fluorinatedcompounds are of great interest, operatorsomehowdoes heat UF8froma solid

With respectto the safe handlingof UFs, it is at OOC to the triple pointat 64.020 C andon
importantto be aware that the liquidthermal throughthe changeof state from solidto liquid
expansion of UF8is huge even inthe at 64.020 C and then the liquidto 121oC (250o
temperature range of normalproduction F), the volume percent increase is 59.4%.

Table1 clearlyshowsthat care isveryoperations. Forexample, at 235oF(1130C), an
operatingtemperature(7) for liquidUF8 necessary inthe handlingof both solid and
transfers,the liquid thermal expansion liquidUFs.
coefficientis 2.2 x 1Oa. If a workerdoesload a containerwith too much

For a more completeviewof the thermal UF6, the containermay ruptureupon heating.
expansionof UF6,Table 1 showsthe thermal A rupturedid occurat a gaseous diffusion



Operations: Safety in Cylinder Handling 87

plant inthe 1955 time frame. The container determiningthe UF6-HF phasediagram,the
was a smallcylinderwitha diameterof about3- decisionwas made to "see" the mixtureusing
1/2 inches and lengthof about 11-1/2 inches, a fluorothenetube (11).
As a memberof the safetycommittee
investigatingthe incident,calculationscleady Startingwithpure UF6at a triplepointof
showedthat the accident was ca.usedby 64.02°(3, small incrementsof HF were added
overfillingand then heating. At thistime most and the phasechange measuredfrom
of the productionworkersat this facilityhad 64.02oc to 61.2oc withresultssomewhatas
only a few monthsoperatingexperience, expected. The meltingpointof the UFs-I-iF

mixturewas decliningtoward an expected
As for the liquidthermalexpansionof a liquid eutectictemperaturesomewhat belowthat of
and the criticaltemperature,twocorrelations puroHF i.e. - 83.6oc (12).
were developed. The relationshipbetween
the liquid thermal expansioncoefficientof a More HF was added to the mixtureand the
liquidand the criticaltemperatureof that liquid temperaturewas 61.2oc. Evenmore HF was
was firstderivedfroma mathematical added and the meltingpointwas still61.20C.
combination of the Ramsey-Shields-Eotvos Nowwith "eyes"it waspossibleto see what
and t;,= McLeod and Sugdenequations, was goingon. The HFs-HF mixtureformed a
Another simplifiedequation has been liquid-liquidimmiscible(likewater andolu gap
obtained empiricallywiththe aid of as shownin Figure 1.
experimentallydeterminedcritical
temperatures and densities(3). Using Earlierresearchershad made similar
measurements on 29 organic compounds measuren_entsin metalcontainersand were
includinganhydrides,hydrocarbons,alcohols, apparentlybaffledat the sudden lackof drop in
fluorocarbons, esters, ketones, nitriles,ethers the freezingpointwiththe additionof more HF
and others, the best curveby the methodof to the systemat the 80 formula% UF6
least squares is representedby the equations: composition. These data, recordedin a

notebook,were not reported. For the UF6-HF
Tc=(OJO.04314)-l-_+Tav systema miscibilitygapstartsat 61.2oand
a = 0.04314 (Tc -Tav)-o.6410 extends overthe compositionrange 10 to 80

formula% UF6to a consulatetemperatureof
Usingthe above equationthe critical 1010at about50% formula% UF6.The
temperatureof uraniumhexafluoridewas eutectictemperaturewas -850C.
calculated to be 218.50 C (5) whichis nottoo
far off from the measured value of 230.20C (9) For theUF6-CIF:,-HF systemthe lowest
considering UF6 is notan organiccompound, temperatureat whichthe miscibilitygap exists

fortwo liquidssaturatedwithsolidUF6is 530at
In a privatecommunicationto Farrarand Smith, a compositionof 49 formula % UF6, 13 formula
who did the absorptionof CIF3on porous % CIF3and 38 formula% HF. Below -910Cali
nickelfluoride,the criticattemperature ofCIF3 three compoundsare soi,.-Iat ali compositions
was predictedto be 174 C (10). Handson (13).
expedmePts with mixturesof CIF3,UF6and HF
at temperaturesas highas 101oCam With respectto using fluorothenetubes in
discussed next. eitherthe laboratoryor plant operations,the

above laboratoryexperimentspushed the
THE ELUSIVE UFs-HF EUTECT|C fluorothenetubes to, and even beyond, their

temperatureand pressurelimits int_,e 100oc
lt is weilknown that those whohand!e UF6 range. On two measurements the tubes
seldom actually see the UF6. The UFsis ruptured. Also, impurities in CIF3caused a
i._suallyin a metal container that in not minor explosion ip a hood on one occasion in
transparent. When assigned the task ot the course of doing the ternary experiment.

_

_

2
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FigurJ 1. UF6-HF phase diagram.

The scope of this ;epon does not coverthe A colleagueworkingnextto me usingthe
safety and care r,eededin I_ndling UF6,HF same equipmentsupportrack had his high
and CIF3except to alert thosewho handleUF6, vacuum manifoldhookedup to chlorine
and impuritiesfound in UFsthatspecialtraining trifluoridefor otherexperiments. As a long
is mandatory.A mixtureof theso compounds shot, the suggestionwas made to react UF4
is corrosive,radioactiveand subjecttoviolent withCIF3 inan effortto make UFs. This
reactionswith hydroca_r;s, reactionexperimentwas stronglyencouraged;

however, a mild fluorinationthat would not
THE VERY FIRST PRODUCTION OF really producethe needed UFswas expected.

UFs USING ClF3
)._ycolleague put UF4ina nickelboat (sohe

In late 1948 to early 1949 time frame some claimed)andplaced the boat intohis small
uraniumpentafluoride,UF5,was needed for an reactortube. He opened the CIF3valve, let
experimentunderway in LabD _t K-25. A small the mixturereactand then pumped out ali the
amount had been obtainedearlier fromthe volatilegases. Next he pulledout the boat
cascade engineersin the K-25 plant. Uranium and, somewhat puzzled, showed itto me. lt
pentafluorideis a _bite crystalwitha definitex- was empty. Solidgreen UF 4, a mixture of grey
raydiffractionpatternswhen it ispure. Time solid uraniumfluoridesor perhapssolidwhite
aftertime my reactionsof UF4withF2gavea UFscrystalswas expected inthe boat
grey mixtureof U4F17and U2F9accordingto depending upon the amount of fluorination

- the x-ray diffractionpatterns, notUFs. that took piace.
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My colleague wasaccused by me of forgetting The engineersdid come to our room in Lab D,
to load the boat withUF4. He insistedhe did inspectthe equipment where the experiment
load the UF4intothe boat. Nevertheless,a was conductedand had moretechnical
forgot-to-loadincidentof this type, but with discussions. Soon thereafter the engineers
differentreactioncompounds,did occur with conducted an experiment(s)with CIF3 into
operatorsat Y-12 in 1945 sothe belief was plugged barrierequipment that had been
strongthat a mere loadingoversighthad removedfrom the plantto teststands. A trip
occurred, was made fromthe laboratoryto the plantto

witnessone experiment. Uranium solid
The immediatedecisionwasto repeatthis deposits (hidden inventory)that had been
experiment; however,this time he was "lost"since start-upyears ago were recovered.
watchedcarefullyto confirmthat UF 4 was The cascade barrierwas successfully
loaded intothe boat. Followingthe reaction unplugged. A significantadvancement in
the volatilegases were pumpedout and the uraniumgaseous diffusiontechnologywas
reactortube was opened and the boatwas confirmedas a resultof the outstanding
removed, lt was indeed completelyempty!!! fluorinatingpropertiesof CIF3. A literature

search revealedthat CIF3had never before
To my shock, it was nowobviousto me beyond been reactedwithuraniumor a uranium
any doubtthat CIF3was a more(muchmore) compound.
powerful fluorinatingcompound than fluorine
withrespectto uranium,lt had reacted with The Atomic EnergyCommittee'sGeneral
solid UF4to go ali the way to producegaseous AdvisoryCommitteemet on October29 and
UF6very swiftly. 30, 1949 and recommended, in response to

the Soviet A-bomb on September 23, 1949,

The firstthoughtwas one of failure- no UFs increasingthe productionof fissionable
materialsinthe USA (14). And so notonly waswas made inthisexperiment. The nextstep a

day orso laterwas to go againfromLabD to the CIF3discovery significantbut the timingof
the discoveryhad a majorimpactonthe mixofthe K-25 plant engineersand try to get some

UF5. Discussionwiththe engineersrevealed our nation'sproductionfacilitieswith
that they would not be able to supplyany UFs expendituresof many billionsof dollars
fromthe cascade. Duringthisvisitthe allocatedfor uraniumenrichmentusing
engineers expressed deep concernwith gaseous diffusion.

respectto thei: problemof the cascade being A K-25 manager noted that without the
plugged with nonvolatileuraniumcompounds, discoveryof the abilityof CIF3to produce UF6
(Apparentlyon one occasion an opossumgot from soliduraniumfluorides,the K-25 plant
intoa transformerwhichresultedina power would not have been expanded, and the
lossto the plant. This permittedair withsome Paducahenrichmentfacilitywouldnot have
moisture(H20)to enter which in tum reacted been built. The same holdstrue forthe
withthe UF6to form unwanted sOlidproducts Portsmouthplant. Withoutthe CIF3discovery
such as UO2F 2 which plugged the barrk=,r), more dollars would have been spent on other

production facilities
In this discussion with the piant engineers,
they were toi6 rather boldly that they really had The reaction of chlorine trifluoride with urany5
no problem. Merely pump CIF3 into the fluoride has now been investigated and
cascade and ali the solid uranium compounds reported in scientific journals by a number of
would_-'_me gaseous UF6. lt was scientists(15) who confirm the production ,of
suggestedthat they confirm my statementby UF6. Alsoa quantitativestudyby Labton
comingto Lab D and talkingwith my colleague shows"the fluorination(of uranium
who conducted the UF4plusCIF3experiment tetrafluoride)bychlorinetrifluorideis 160 times
in his equipmentfor me. (Fromthe officeof faster than by fluorin_(at 2650C)"(16). At
engineers to Lab D was about a quarter mile.) lower te_,-_eraturesthe ratiois even higher.
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Patent disclosureshave been made utilizing 1000C where the fluorothenetube holdingthe
theoutstandingfluorinationpropertiesof CIF3. immisciblesolutionsrupturedduringtwo
For example, RobertA. Gustison,HarveyA. experiments.
Bernhardt, Eugene J. Barber,andSamuel T.
Benton were awarded U.S. Patent 3825650, Inthe questto make UF5 for an isotopic
July23, 1974 (application6/18/54), for exchangeexperiment in 1949, the author and
decontaminatinguraniumbyreactionwith his colleaguess_umbledupon a significant
chlorinetrifluorideand hydrogenfluorideand scientiiicdiscovery- the powerful fluorinating
volatizingthe uraniumhexafluorideproduct, propertiesof CIF3on uranium compounds.

The abilityof CIF3to react swiftlyand
As for the experiment requiringUF5that completelywith uraniumfluoridesand UO2F2
accidentallytriggeredthe CIF3to UF6 to formUF6provideda method for the
discovery, the K-790 reportwas publishedJuly unpluggingand clean up of uranium gaseous
13, 1951 (17). diffusionproductionfacilities.

SUM MARY The USAEC chose to expand the production
of uraniumand plutoniumin 1949 following

After seeking fortwo years liquids,especially the unexpectedSoviet atomic bomb
organofluoro compounds, with high liquid explosionon September 23, 1949: therefore,
thermal expansion coefficientsat the thetimingof the CIF3discoveryhada major
Universityof Tennessee as a Knoxville impact on the directionof the expenditure of
studentresearchfellow,the authorjoinedthe these USAEC funds. The decisionwas to
laboratoryat K-25 inOak Ridge inJune 1948. expandthe uranium gaseous diffusion
Within weeks, usingavailableK-25data, two facilitiesat Oak Ridge,TN, builda newplantat
liquidswere calculatedto have higherliquid Paducah,KY,and buildstillanotherplant near
thermal expansion coefficientsthan anything Portsmouth,OH. Many billionsof dollarswere
measured inthe UT project. One liquidwas a spent inthe early 1950's on this major
fluorocarbon, hexadecafluoroheptane. The expansion program.
otherwas an inorganicliqu'_,uranium
hexafluoride. The UF8haz an exceptionally ACKNOWLEDGEMENTS
high liquidthermal expansioncoefficient in a
temperature range of routineproduction AssistanceprovidedbyJoseph Russell in
operations which meanshandlingisa obtainingneeded documents from K-25 that
significantsafety concern. The expansion wereclassifiedat onetime is appreciated. The
coefficientsof liquidsare related to the liquid's technicalreview of the manuscriptby W. Davis,
criticaltemperatureaccordingto two Jr.,formersupervisor of the author and world
mathematical equations presented, authorityinthe field of uraniumand fluorine

chemistry,permittedan improvedpaper. The
Inthe late 1940's researchworkersat K-25 use of the time and laboratorymanifold of my
were reluctantto reportdata beingcollected colleague,Roger Jarry,to react CIF3withUF4
on the freezing point cf mixturesof UF6and deservesa specialthankyou. WilliamBishop
HF inthe temperature rangeof 61.2oc and suggestedthe authortry the use of chlorine
compositiona littleless then 80 formula% UFs. trifluorideratherthan fluorineto add another
Once the experimentwas done in a fluorineatomto UF4to make UF5 ; however,
fluorothene tube, it was possibleto "see" the the resultingcompoundwas UFewhich
formationof two immisciblesolutionsthat was opened the door to significantimprovementin
confusingthose who used non-transparent uraniumgaseous diffusiontechnology.Larry
(nickel)containers. The completefreezing Hayden and Sue Bybee assisted withthe art
pointdiagram for the systemuranium work on Figure 1. The credit for the typingof
hexafluoride - hydrogenfluorideis presented many draftsof thispaper goes to Karen Kilgore
includingtemperature measurementsnear and BetsyCottle.
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UF6 CYLINDER LIFTING
EQUIPMENT ENHANCEMENTS

J. M. Hortel
Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Piketon, Ohio 45661 USA

ABSTRACT In 1988, lift height safety was re-evaluated, and a
new emphasis was placed on single-point failures

This paper presents numerous enhancements that for equipment that handled liquid UFr. A single-
have been made to the Portsmouth lifting point iailure on the two-point lift would cause a
equipment to ensure the safe handling of cylinders pendulum type movement which could cause the
containing liquid uranium hexafluoride (UF6). other pick-up point to potentially fail or cause I'
The basic approach has been to provide considerable damage, injury, and/or cylinder
redundancy to ali components of the lift path so rupture.
that any one component failure would not cause
the load to drop or cause any undesirable Hence, the criteria of a redundant lift path was
movement, established. The approach at Portsmouth was to

replace both cranes with ones having redundant
ACRONYMS features. The two-point crane would now be a

four-point crane with four independent hooks.
AI,qI - American Iron and Steel Institute New lift fixtures would be designed to
ASTM - American Society of Testing Materials accommodate the four hooks and also to have

redundant lift paths.
INTRODUCTION

INTERIM MEASURE

Liquid UF6 is handled at the Portsmouth site in
partially filled or full 2'/_, 10 and 14 ton cylinders. Due to the long lead time to fund and procure a
Autoclaves ar_ used to heat the 14 or 10 ton new crane with redundancy features, the existing
cylinders for UF6 transfer into the 2aA ton two-point Orley-Meyer crane was evaluated to
customer cylinder. Because of the 5-day cool determine the interim measures that could be

down time for a cylinder containing liquid UFr, it taken to enhance the safety of the crane.
is necessary to move the cylinder to a storage Historically, the cabling on a crane has been the
position so that the autoclave can be reused. An most susceptible component for failure on the lift
overhead crane in conjunction with a lifting fixture path. Therefore, a redundant set of cabling was
which interfaces with the cylinder is used for added to each of the two hoist drums enabling the
moving the cylinder, modification of the crane from a two-point pick-

up to a four-point pick-up. A schematic of the
In the X-344 Toll Enrichment Facility there are four-point pick-up is shown in Figure 1.
four autoclaves and two overhead cranes which

service the autoclaves. One crane is a 20-ton High strength cable was specified to minimize the
P&H with a single-point pick-up which dates back effect of cable diameter on the hoist drum
to the late 1950's. The other is a 20-ton Orley- grooving. The existing equalizer shieve wa_
Meyer crane installed in 1985, which originally replaced with an equalizer bar which incorporated
had a two-point pick_up. Because of the potential redundancy features. An elevation of the

sloshing of the liquid UFr, only the two-point equalizer bar is shown in Figure 2.
pick-up crane was used for moving cylinders with
liquid UFe.

93
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SilT FIXTURE
1.

II A new four-point lifting fixture was designed byI I I| Martin Marietta Energy Systems, and fabricated

in-house. An elevation of the fixture is shown in\ Figure 3. The fixture interfaces with the four

_-- 2. hooks on the crane and the different types of
cylinders. The primary lift path is through chain
shackles which attach to lifting lugs on the
cylinder. A redundant lift path is accomplished

_ with belly bands which drape below the cylinder
and are supported by separate arms on the
fixture.

5.

1. Lift Drum The main lift frame and shackles are made from
2. Equalizer Bar ASTM A36 or AISI C1018 steel. The chain and

3. Hook connecting link on the lift arms are made from
grade 8 alloy steel. The upper connecting pins
are fabricated from AISI 41LA0 steel. The pick-

Figure 1. Four Hook Schematic up point at the cylinder lug utilizes a stainless
steel quick disconnect pin which has a "ball-lock"
locking feature. The belly band is made from a
stainless steel flexible cable utilizing a "cable-laid"
design.

A separate attachment below the main fixture is

used for moving 2'h ton cylinders. Redundancy is
accomplished by the use of four cable arms with
hooks. See Figure 4.

/--- 1.

, I _ NEWCRANES
J i

I . The replacement cranes for the two existing

cranes will have built-in redundancy up to the

gearbox. This includes dual cable systems,
redundant hooks, redundant hoist drums, and

3. redundant brakes on the lift path. Redundancy
will also be included _n the crane anticollision

system. The crane is to be fabricated in

_! 2. accordance to the Crane Manufacturer's of

America Specification No. 70. The hoist gear box
will have a ='actor of safety against load failure of
10:1.

1. Safety Strap Redundancy on the lift path has successfully been
2. Redundant Pin accomplished in a UF6 cylinder lifting system.
5. Shear Pin The system modifications include dual cabling,4. Cable Connection

and incorporation of a four-point lifting fixture.
Figure 2. Equalizer Bar These system upgrades significantly increase the

safety of equipment operation and the handling of
cylinders containing liquid UF6 •



Operations: Safety in Cylinder Handling 95

2.___ _ /-14ToaI Cylinder

I
' li

1. 4 Hook Lift Fixture
2. Primory Lift Shockle A
,3. Belly Bond SeCt. A-A

Figure 3. New Lift Fixture

g.

o 1. Lift Fixture Sect. B-B
2. Redundont Lift Cobles

.3. 2 1//2 Ton Product Cylinder

Figure 4. 2½ Ton Lift Attachment

"Thesubmittedmanuscripthasbeenauthoredbya contractor
of the U.S. GovernmentunderContractNo. DE-AC05
76OR00001. Accordingly,the U.S. Governmentretainsa
nonexclusive,royalty-freelicenseto publishor reproducethe
publishedformof thiscontribution,orallowotherstodo so,
forU.S. Governmentpurposes."
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are used for sampling and transfer operations.
Five autoclaves are 84 inches in diameter and are

ABSTRACT used for feed and sampling operations. There are
four 72-inch diameter feed autoclaves. These

Steam-heated autoclaves are used in gaseous steam-heated autoclaves generally heat 2 1/2-, 10-,
diffusion uranium enrichment plants to heat large and 14-ton UF 6 cylinders. Occasionally 10- or 12-
cylinders of UF 6. Nuclear criticality safety for inch diameter cylinders are heated in autoclaves
these autoclaves is evaluated, for transfer to larger cylinders. The steam

pressures in the autoclaves normally range from 8
To enhance criticality safety, systems are to 12 psig. In addition to being an efficient
incorporated into the design of autoclaves to limit means for heating UF 6 cylinders, the autoclaves
the amount of water present. These safety systems provide containment in the event of a UF6 release.
also increase the likelihood that any UF6
inadvertently released from a cylinder into an When UF6 reacts with water or water vapor, HF
autoclave is not released to the environment, and UO2F2 are formed. The reactioe is

exothermic, and the HF gas can cause pressure in
Up to 140 pounds of water can be held up in large the autoclave to increase by a factor of 10 or
autoclaves. This mass of water is sufficient to more. If the pressure in an autoclave exceeds the
support a nuclear criticality when optimally rated pressure, usually about 150 psig, the HF and
combined with 125 pounds of UF 6 enriched to 5 unreacted UF 6 vent to the atmosphere. Because
percent U 23s. However, water in autoclaves is such a large source of UF6 is present, every effort
widely dispersed as condensed droplets and vapor, has been made during the design of autoclaves to
and is extremely unlikely to form a critical minimize the amount of water held up, thereby
configuration with released UFe. minimizing the potential adverse consequences of

a UF 6 and water reaction.

INTRODUCTION The UF 6 _.'ylindersheated _a autoclaves are limited
to U235enrichments ,-f less than 5 percent.

For nearly twenty years steam-heated autoclaves Uranium of this enr ;hment c_,nnot be made
have been used in gaseous diffusion uranium critical withot_t a moderator such as water. The
enrichment plants in the United States to heat UF 6 in the cylinders is of very high purity.
large UF6 cylinders. At the Portsmouth Gaseous Subcriticality in the large cylinders is assured by
Diffusion Plant in Piketon, Ohio steam-heated controlling or restricting the presence of
autoclaves are used in three facilities for feeding moderators. If UFe is released from a cylinder
the cascade, sampling, and transfer. Four of the into a steam-heated autoclave, moderation control
thirteen autoclaves are 96 inches in diameter and is lost. To reduce the potential for criticality and

_r_,

_
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to contain released UF6, a number of systems have any released UF6. The greatest amount of water
been developed and incorporated into autoclave would be found in the largest (96-inch diameter)
design. These systems detect abnormal conditions autoclaves.
and shut off the steam supply or place an
autoclave in a "containment" mode. Figure 1
shows the systems in a typical autoclave. They ASSESSMENT OF RISK
include a high condensate level cutoff system, a
UF 6 cylinder high pressure cutoff system, a UF6 The fault tree illustrated in Figure 2 was
cylinder low pressure cutoff system, a UF6 cylinder developed to evaluate the risk of a criticality
wall temperature cutoff system, an autoclave high accident. The fault tree assists in identifying and
pressure isolation system, an autoclave pressure documenting combinations of events that could
relief system, and steam conductivity cells, result in a critical configuration within an

autoclave. The tree is particularly helpful in
In 1989 an independent review was conducted to assessing whether the design of an autoclave
assess the risks of a criticality accident in UF6 satisfies the nuclear criticality safety double
autoclave operations at the Portsmouth Gaseous contingency criterion "that proc_ts designs should,
Diffusion Plant(I). Subsequently, calculations in general, incorporate sufficient factors of safety
were made to determine effective neutron to require at least two unlikely, independent, and
multiplication factors of UO2F 2and water concurrent changes in process conditions before a
mixtures in a wide range of geometries and criticality accident is possible.'(3)
moderation ratios in steam-heated UF6
autoclaves(2). In this paper, the results of that
independent review arepresented and evaluated. Initiation of a Large Leak of UF6

A safety analysis generally assesses the risk of A substantial leak or rupture of a UF 6 cylinder in
occurrence of some event. In this case, e, nuclear an autoclave is necessary for a criticality accident.
criticality accid_nt is the event of interest, The This failure mechanism is shown on the left
term "risk" is typically defined as the product of branch of the fault tree. The minimum critical
the probability of an event and the consequences mass of uranium enriched to 5 percent U23_is 3.7
of that event. The consequences of an accidental pounds of U235(4). This mass is equivalent to 110
criticality are assumed to be relatively constant for pounds of UF 6. Historically, in autoclaves only a
the range of system failures considered in this few releases of UF 6 greater than a few grams of
analysis. This analysis qualitatively characterized uranium have occurred. Only one release
the probability of a nuclear criticality accident, approached the mass of material required for
Thus, the magnitude of the risk changes in criticality. In that ease, vibration caused the
proportion to the magnitude of the probability of loosening of a connection between the cylinder
accidental criticality, valve and the safety valve. The resulting release

from the cylinder was approximately one hundred
i::t>ra criticality accident to occur, material must pounds of UF6. In ali of the releases to date, the
be released from a UF 6 cylinder into an autoclave, buildup of UO2F 2 occurred at the leak point,
and it must mix ,ruth a significant quantity of a resulting in self sealing and termination of the
hydrogenous moderator. The potential source of release.
moderation in an autoclave is the steam that beats

a cylinder. During normal operation, steam Figure 3 shows the distribution of uranium
condenses on the cylinder and on the walls of the following a UF6 release. A defect in the weld at
autoclave, the valve-end circumferential, head-to-shell weld of

a 10-ton UF6 cylinder resulted in the formation of
Tests were performed to determine the mass of a hole approximately 1/32-inch in diameter. Ten
water that could be retained within an autoclave if pounds of UF 6 were released. The UF6 reacted
the drain valves and steam inlet valves are closed with the water vapor in the autoclave, and a light
d__-.'ngat_ accident. These tests showed that a dust of UO2F2 covered the cylinder and other
maximu_a of 100-140 pounds of water could surfaces in the autoclave. A small mass of UO2F2
remain in an autoclave. Therefore, this amount of about 4 incl',es in diameter accumulated on the
water is available to react with and/or moderate roller covering the hole in the cylinder. This



Figure 1. Diagr,,.m of a Typical Feed A_toclave

incident illustrate_ the phenomenon leading to the restrictions against moving large objects over
consumption of the moderator (water) through the cylinders in autoclaves. During the initial stages of
formation of LIO2F2 and HF and shows the widely heating, a low pressure cutoff assures that the
dispersed deposition of the LIO2_2 in the valves and lines from the UF6 cylinder are not
autoclave, closed or blocked. If the cylinder does not reach a

pressure of 20 psia within one hour after initiation
The rupture of a UF 6 cylinder or a major failure of heating, the steam supply is stopped. This
between the cylinder and the emergency closure system assures that the pressure monitoring system
"safety" valve are the two types of failures that can is truly monitoring the internal pressure of the
lead to a large release of UF6 in an autoclave, cylinder. The steam supply is stopped if cylinder
The "safety" valve can be closed remotely, internal pressure limits are exceeded. Thus, the

likelihood c_fa release of UF6 greater than 125
A "pigtail" line is located between the cylinder's pounds from a cyli_,derinto an autoclave is very
"safety"valve and manifold piping outside of the small (i.e., on the ot._er of once per plant
autoclave. 'The coils in the "pigtail"line provide lifetime). To satisfy the double contingency
flexibi'aty to prevent large stresses from developing criterion, how,_'ver,ali of the pathways on the right
in UF 6 cylinder valves as a result of cylinder hand side of l he fault tree in Figure 2 must also be
motion relative to the autoclave. In addition, the unlikely.
"pigtail" is more likely to fail than the interface
between the two valves or the connection to the

cylinder. A failure in the "pigtail" region can be Sufficient Water Present Prior to Leak
isolated by closing the "safety"valve.

The fault tree in Figure 2 shows the two time
After a cylinder has been placed in an autoclave, frames for the addition of water to an autoclave
no forces large enough to initiate a large leak or during the course of an accident. In Branch 2.2 of
to rupture a cylinder are credible, provided the the fault tree, water is present in the autoclave at
cylinder has not been overfilled. There are specific the time the leak starts. In Branch 2.3, water
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Figure 2. Autoclave Criticality Fault Tree

con_ues to be added subsequent to the initiation water would be quite shallow (i.e., less than a
of a UF6 leak. couple of inches). The minimum critical thicknes,_

for an infinite slab of UO2F2 and water is 5.5
The normal water inventory of an autoclave is less inches fully reflected or 9 inches unreflected. The
than 140 pounds. The minimum mass of water amount of water required to fill a 96-inch diameter
required for criticality of UO2Fz at 5 percentUz_s autoclaveto thisdepth is approximately1,500
enrichmentis 48 pounds. Thus, sufficientwater pounds,an order of magnitudegreaterthan "he
could be presentin normal operatingconditionsto amountavailable.
moderatea critical configuration if the appropriate
geometrycouldbe created. The appropriate A streamof UF 6 could impinge on a troughof
geometrywouldbe a sphere-likemixtureof UO2F2 waterin the bottom of the autoclave. Of the 140
andwater surroundedbya neutron reflector. The poundsof water potentially located in an autoclave
minimum ,:dUcal radiusof a reflectedsphereof at the time of an accident,50 poundswould be in
this material is about 7.9 inches. An optimally the form of steam. The restof the water wouldbe
moderated UO2F2 andwater mixture would be a distributedas a surfacefilm, in a shallowpool m
solution. There are no structuralcomponents the bottom of the autoclave,or in the drain line.
insidethe autoclavelargeenoughto contain a The water in the form of steamwouldreact
critical massof a nearlysphericalsolution, rapidlywith UF 6 vapor throughoutthe volumeof

the autoclave,producingHF and an aerosolof
If thewater spreadsacrossthe bottom surfaceof UOzF2. If the remaining90 poundsof water were
an autoclave,the depthof the resultingslabof collectedwithin a trougho_.the bottom of the
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Figure 3. UO2F2 Coating Cylinder and Grating Inside Autoclave Following Release of 10 Pounds of UF6

autc_lave, the resulting pool would be critical geometry might occur in two ways. A well
approximately one-inch deep, 18 inches wide and mixed configuration with water displaced from the
20 feet long. drain could occur directly above the drain line.

However, the three- to four-foot long 4-inch
As the UF6 contacted the pool, it could react diameter drain pipe can hold only 16 to 23 pounds
vigorously with the water to form UO2F2 and HF. of water, not nearly enough for a criticality.
The force of the stream of UF6, the heat of the
reaction, and the release of HF would provide Given the distribution and amount of water avail-
agitation to facilitate dispersion. The UF 6 could able, it is not credible that a localized mass of
continue to spread across the lower surface of the moderated material could be formed of sufficient
autoclave reacting with water wherever the UF6 dimensions to be critical. Branch 3.1 of the fault
and water contacted. Because the reaction of UF 6 tree thus represents an incredible means for
with water is exothermic, heat released from t_ criticality to occur.
reaction could boil residual water and make it

unavailable as an interspersed moderator. The Two failures must occur in order to get an
energy released in reacting a mole of UF6 is abnormal quantity of water in an autoclave at the
approximately three times the amount required to time a UF 6 leak starts (Branch 3.2). The drain
boil a mole of water. Because of uncertainties in must be blocked below the water level probes, and
mixing, in the kinetics of the UF 6 and water the water level probes must fail to indicate a high
reaction, and in the partitioning of the released water level High condensation rates during initial
energy to unreacted water, vaporization is not heating of cold UF6 cylinders occasionally cause
considered as a mechanism that reduces avai!able water to build up to the probe level in the drain.
moderator. The redundant water level probes, upon sensing

the buildup of water, cause the steam supply to be
To achieve criticality with the water available stopped. After the condensed water drains below
requires a very localized, nearly spherical, solid the level probes, steam supply can resume.
ball of moderated uranium. The creation of such a
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Corrosion-generated debris collects in the pressure controller by some unidentified
autoclaves. Buildup of debris can reduce drainage mechanism (Branch 3_3). Both the high pressure
by dogging the valve in the drain line (Fault 5.1). containment shutdown system (Branch 5.3) and
However, no evidence of such dogging egisL The the conductivity monitors (Branch 5.4) should
drain valve could be left in a closed position prior demand closure of the steam addition valves and
to stanup of the autoclave cycle (Fault 5.2). condensate drain valves ff UF6 is released into an
However, for water to accumulate, the redundant autoclave. There are no reported instances of
water level probes must fail to indicate high water failure of the steam addition valves to close on
level (Fault 4.2). demand (Branch 4.4). Thus, the likelihood of

adding significant amounts of water after a UF 6
Blockage of the drain before the water level leak starts is also very small.
probes could lead to abnormally large quantities of
water in the autoclave. If a large UF6 cylinder is A controlled addition of steam could be made
sufficiently empty, it could be buoyant. The during recovery following a UF6 release in an
cylinder movement could lead to failure of the autoclave. The steam would be added to react
"pigtail"and a UFe release could occur. However, residual UF 6 gas prior to opening the autoclave.
the emergency closure "safety"valve can be Such recovery activities would come under close
operated remotely to terminate the release, scrutiny by the nuclear criticality safety staff.

A potential common cause failure involves
blockage of the drain upstream of the water level Potential fm"Commea Mode Intengttom
probes. This failure is discussed under "Potential
for Common Mode Interactions'. The drain Three potential common mode relationships
_eens that were the potential source of common between events in the fault tree in Figure 2 were

mode failure were removed, identified. However, two of these sources of
interdependency were rejected as insignificant. If a

After UF_ cylinder heating has started, the large release of UF_ occurred, the ports that are
Operational Safety Requirements allow an used to monitor pressure and conductivity could
autoclave to continue operating with only one be blocked, lt was considered very unlikely that
water level probe for a limited time. Operating the safety function would be affected, interaction
with only one probe potentially reduces the between high water level and a hot cylinder could
reliability of the system. However, there have potentially lead to high stresses and induced
been no problems with the water level probes leakage. Because the water pool would be at
resulting in extended periods of reduced reliability, saturation temperature, high stresses would not
Because two unlikely events, Branches 4.1 and 4.2, result.
must occur to cause abnormally high water levels
in an autoclave, the likelihood of Branch 3.2 is A third source of common cause failure could not
very small, be dismissed as insignificant. In some autoclaves,

a removable drain screen is inserted in the top of
the drain line above the water level probes. The

Water Addition Foikming Leak Initiation purpose of the screen is to catch teflon gaskets
that drop to the bottom of the autoclave. The

Branch 2.3 of the fault tree illustrates the failure potential common cause failure is plugging of the
resulting in the continued addition of steam to an screen with rust or other debris and accumulation
autoclave following the start of a UF 6 leak. The of water above the drain that cannot be monitored
reaction of UF6 with water produces HF and by the water level probes.
releases heat. If a large amount of UF6 were
released into an autoclave,_the pressure in the The removable drain screen has a one-inch
autoclave would rise rapidly. Steam is normally diameter overflow pipe that should allow water to
added to an autoclave at a controlled pressure of 8 flow down to the level detectors even if the screen
psig. High pressure in an autoclave would prevent is blocked. However, the probability is
the addition of 8 psig steam, even if the steam substantially greater of blocking a one-inch
addition valves failed to close. To continue adding diameter pipe than a four-inch diameter pipe. Use
steam would require failure of the steam supply of the drain screens was discontinued. Other
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Steam heated autoclaves used to heat cylinders of published form of this contribution, or allow others to do so,

UF 6were evaluated for nuclear criticality safety, foru.s. Governmentpurpmex"
A fault tree was developed to demonstrate that the
double contingency criterion is met. The various
branches in the fruit tree were qualitatively
reviewed. Only one potential problem was
identified. This problem was the blocking of the
drain line above the water level sensor. Drain

screens that could cause this blockage were
removed, and their use in the autoclaves was
discontinued.

For UF6 feeding, sampling, and transfer operations
in steam-heated autoclaves, the risk of criticality is
very small for U 23senrichments of up to 5 percent.
Current operations satisfy the double contingency
criterion used within the criticality safety
community.
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ABSTRACT BACKGROUND

A probabilistic safety study of UF6 handlingactivities The primary risk of concern at the plant is associated
at the Portsmouth Gaseous Diffusion Plant has with the possible release of UF6. The release of
recently been completed. The analysis provides a gaseous or liquid UF6 is of concern due to the
unique perspective on the safety of UF6 handling formation of reaction products when it interacts with
activities. The estimatedrelease frequenciesprovide an moisture in the atmosphere. Chemical toxicity, rather
understandingof currentrisks, and the examination of th_, radiotoxicity, is the primary concern with these
individual contributors yields a ranking of important pr,_ucts.
plant features and operations. Aside from the
probabilistic results, however, there is an even more The UF6 is stored and transportedas a solid, and there
importantbenefit derived from a systematic modeling is little risk of release when the material is in this
of ali operations. The integratedapproachemployed in state. In the enrichmentcascade, the diffusion process
the analysis allows the interrelationships among the employs gaseous UF6. There are no handling
equipmentand the requiredoperationsto be explored in activities in this process, however, and the human
depth, interface is limited. Some of the other Ol:erationsat

the plant involve liquid UF6. In these operations, the
This paper summarizes the methods used in the study liquid is above atmospheric pressure and, if it were
and provides an overview of some of the technical released to the environment, much of it would flash to
insights that were obtained. Specific areas of possible the gaseous state. The principal source of concernfor
improvementin operations aredescribed, large releases that could affect the environment is,

therefore, associated with the operations involving
liquid UF6.

INTRODUCTION
A probabilistic analysis is complementary to the other

As part of its continuing efforts to limit the potential forms of safety assurance. It is especially useful
for releases of uranium hexafluoride (UFt) at the because it can provide a common basis for comparing
Portsmouth Gaseous Diffusion Plant, Martin Marietta different issues in a broader context, offering the
Energy Systems, Inc. undertooka probabilistic safety opportunity for more efficient allocation of resources
assessment of UF6 handling activities. That study has for safety improvements.
been completed and is published in four volumes.(1)
This paper summarizes the methods of the study and
brieflydescribes some of the findings. SCOPE OF THE ANALYSIS

The primary objective of the study was a probabilistic The objectives listed above essentiaUy define the scope
a-alysis of ali activities involving handling of liquid of study. The analysis included the following types of
UF6 at the Portsmouth plant. This study was to events:
producean understandingof the variousways in which

• Normal operations, including cylinder
a significant release of UF6 could occur, including movements, autoclave operations, and the
estimation of the nominal frequency of release withdrawalprocess;
associatedwith these scenarios.

107
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series of logic models. These logic models describe• Abnormal or infrequent operations, for
example, movement of a cylinder with the the specific ways in which a sequence of events can
safetyvalve att_hed; evolve and result in a release. Different types of logic

models lend themselves more readily to different
• Unintended operations, for example, an objectives. First, the activities involved in eachinadvertent transfer (in violation of standard

practice) by straddle carrier of a cylinder handling operation are delineated in a systematic
containing liquid UF6; and fashion. This is a prelude to the identification of

release scenarios, and it also satisfies the objective of
• External events, such as impact due to natural the study relatedto identifying all handlingactivities.

phenomenaorvehicleaccidents. By examining the handling activity steps, the
possibilities for accidents that could result in a release

The models for these different activities are intended to are identified. Once a potential accident is identified,
cover ali potential causes of release. Human error and models must be developed to identify the specific
equipment failures are considered both separately and ways in which the accident could occur. Following
in combinations. The models include other secondary the development of causes of a release, the size and
causes for release that result in loss of cylinder or severity of the release must be established. The final
component integrity, step in the process is the integration and

quantification of the models. Table 1 describes the
analytical tools used in this study. The table

METHODS OF ANALYSIS identifies three basic types of models: event sequence
diagrams, fault trees, and event trees.

Probabilistic safety analysis methods have been used

to study a large variety of engineered systems and Most of the risks not directly associated with
operations. The methods used included tools such as operations (e.g., due to external events) were first
fault trees and event trees which were assembled to assessed through simple screening analyses to
optimize their usefulness in achieving the objectives determine if the release frequency could be significant
of this study. A brief overview is provided below, relative to other causes. If the screening indicated

minimal threat, the analysis was terminated;
Models otherwise more detailed analysis was performed. The

modeling of non-operational releases involved the

The method used to determine the potential for a same basic steps as for handling activities, although
release during UF6 handling operations employs a no ESDs were required.

Table 1. Summary of Analytical Techniques

Objective Model Description

Identifynon-cascade UF6 Event sequence Graphical, chronological display of the individual steps
handling activities diagram (F_SD) required to complete any UF6 handling.

Identify deviations from normal ESD Display of events that result in a deviation from normal
UF6 handling handling.

Model the specific events that Fault tree Graphical display of the specific combinations of events
could lead to a deviation that can lead to an undesired outcome.

Determine the release potential Event tree DispY.ayof possible outcomes for various events that
and the conditions determine the size and severityof aUF6 release.

Model the events that can shape Fault tree Logic which describes how the conditions identified in

the release, as defined in the the event tree can come about through combinations of
event tree failures or errors.
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Data have similar amounts of experience. While this
experience does not include awritten record of success

In order to estimate frequencies for possible release and failure for every type of human action, the
scenarios, it is necessary to develop data for each of experience proved extremely useful in estimating the
the events in the logic models. The first type of logic reliability for many types of operator actions. The
model is the ESD. The quantification of the incident reports were the most useful sources of
frequency of the operations was generally information.
straightforward, since the operations were partof the
daily activity. Some of the ESDs describe off-normal For some events, the plant record was adequate for
or infrequent events. For these, plant records were direct calculation of a reliability parameter. In most
reviewed for applicable data. cases, the plant-specific record was used as one input

that was then supplemented with data from other

Equipment Failure Data sources. The bulk of the human reliability estimates
were derived through comparison to the quantification
of analogous events. Thus although the plant recordThe fault-tree models describe the failures of various

functions through the failures of individual pieces of may not have included specific reference to an errorof
interest, the errorcould be compared to another for

equipment. The goal of the study was to quantify which sufficient data was available. Through this
equipment failures with plant-specific data. This goal process it was possible to quantify human errorsbased
was accomplished with varying degrees of success,
depending on the availability of plant information, on a relative scale, with the scale anchored to the
Incident reports, safety system data sheets, and other plant recordfor specific actions.
sources were used to derive plant-specific evidence for
failure rates. Model Integration

The plant-specific data was supplemented with high- The models represent the ways that normal UF6
level data from other diffusion plants, particularly that handling activities can deviate to become off-normz.l
related to significant incidents. While no events, and the ways that thosr events can lead to
component-level data was available, the experience different levels of release. Each ,:leviation from the
from the other plants was used to consider the ESD is modeled by a fault tree. The combination of
likelihood of significant events, the ESD initial event and the fault tree is called an

initiating sequence. These initiating sequences
In general, plant records provided plant-specific input describe ways in which releases could occur. Each
for most failure rates. There was not enough specific initiating sequence is then coupled with an event tree
data available for a statistically rigorous estimation of to identify the possibilities for release. The pathways
failure rates for ali components, however. A through the event tree may also be modeled with fault
combination of plant-specific insights, generic data, trees. For each pathway through the event tree, the
and analyst judgment were therefore used in logic is assembled and combined with the initiating
estimating the relevant probabilities, sequence.

Human Reliability The models account for dependencies, both hardwired
and those related to human action. For example, the

The models for potential release include many initiating sequences for the autoclaves include
operator actions that must be quantified. Human combinations of equipment and instrument failures.

The event tree includes developments for other
reliability is a developing field that has not yet functions such as autoclave isolation. The fault tree
produced extensive raw data except for some very
limited types of actions. The defense, ae,'ospace, and models for the initiating sequence and the event tree

must be solved together since there are dependencies
nuclear industries have been addressing this problem,
but no data base exists that is directly applicable. On between the cause of the accident and the responseafter the release is initiated.
the other hand, the Portsmouth plant has been
operating for over 30 years, and other diffusion plants
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The assembly of these models leads to a description of The resulting graph is depicted in Figure 1. The
individual release scenarios. These are then quantified figure illustrates the general trend of decreasing
using the data discussed above. The results of the frequency versus increasing quantity. Also illustrated
study include detailed listings of the ways that in Figure 1 is the Portsmouth plant experience for
different releases can occur, along with the frequency large releases. This is provided for comparison and to
of occurrence. Examination of the individual show that the results of this analytical study are
contributors provides the engineering insights consistent withexperience.
concerning safety improvements.

I I IIII

The results of the study were categorizedaccording to 0.20,
the severity of the release. Because there could be a 0.18,

whole spectrum of quantities involved, the potential 0.18.
releases were grouped into releaseclasses. The classes o.14,
represent discrete ranges of quantities that provide a

_._ o.12, Estimated inThis Studysimpleperspectiveon the severityof the events. In
oloaddition to quantity, the release classes consider ®

location, specifically whether the release would be _ 0.08
isolated inside a building, leaking from an open u.o.os, ActualPortsmouthExperience
building, or outside. The severity of release is also 0.04 '_
represented by size of the loss of integrity. Two o.o2,
categories were used, leak and rupture. Rupture refers 0.00
to a release that would be essentially complete within lOO 10o0 10000 eO000
10 or 15 minutes of the initial leak. The leakage UFtR°I°a_(Ibs)

category refers to events in which the quantity would
be released over a much longer time. The scope of Figure 1. Comparison of Estimated
the study did not include detailed assessment of later Release Frequency to Plant Experience
emergency response measures that could limit
releases. Figure 1 cannot fully convey the understandingof the

plant experience since the plant has changed over its
operating history. The release experience depicted

ESTIMATED FREQUENCY OF RELEASE reflectsevents thatoccurredpriorto 1978. There have
beenextensive efforts to reduce release frequencysince

The overall release frequency is the sum of the 1978, and the last 12 yearsof experience suggests that
estimated release frequencies for ali of the facilities those efforts have been successful. While the results
analyzed. The numerical results should not be the of this study show some improvement over the earlier
focus of the analysis, as the benefits of the study are experience, it is the opinion of the authors that the

actual situation is better yet because the modelingderived from the analysis process itself and a thorough
examination of the quantified results in a relative includes some conservatisms and simplifications that
sense, could lead to overprediction of the frequencies.

It is useful, however, to have a perspective on the Release Frequencies for Different Facilities
overall results of the analysis and the estimated release
frequencies and to compare the analysis estimates to The results in the previous section represent the
actual release frequencies. In order to illustrate the integrated release frequencies for the five facilities
analysis results in terms of frequency and release studied in detail:
magnitude, a graph of ali of the release classes was
developed. As noted earlier, the _'elease classes • Feed vaporization and sampling (X-343),
involve ranges of releases. The graph of the release • Feed vaporization (X-342A),
frequency versus quantity was generated using simple

• Toll enrichment services (X-344),
histograms to represent the release classes according
to their associated ranges of the quantity of material. • Tails withdrawal station, and
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• Low-assay withdrawal (LAW) station. • Autoclave accidents associated with the heating
operations, including cylinder installation and

The contributions of the individual facilities to the removal and sampling.

various releaseclass frequencies arediscussed below. • Straddle-carrier scenarios, in which a liquid-
filled cylinder is inadvertently conveyed by

Figure 2 illustrates the contributionof the individual straddlecarder.
facilities to the total frequency of the rupturerelease
classes combined. The figure indicates thatonly X- • Transferandwithdrawalaccidents, includingali
342A has a negligible contribution,because there is parent/daughter transfers and the filling of
very limited handling of liquid-filled cylinders at X- cylinders at tails and LAW.
342A. For the total frequency of rupture,the risk of • Compression system accidents, including
release is fairly evenly spread among the remaining equipment failures and human errors from the
facilities, although X-344 contributes the most, compressor tothemanifold.

mainly because it has the largest number of • Fire and system impact, which covers fires or
operations involving liquid UF6 of any of the accidental loss of integrity of the compression
facilities, and condensationsystems.

• Cooling cylinder storage accidents, including

Ali Rupture Scenarios anytypeof accidentalimpactthatresultsin the
failureof acylinderin acooldownarea.

Lowassay v _A_ The informationis presentedgraphicallyfor releases

withdr correspondingto the rupture of large (14-ton)

-342A cylinders in Figure 3. Crane accidents account for
half the frequency. Storage and autoclave accidents
also contribute. The other types of accidents are less

•Tails __j] importantbecause there is a low probability that they

would involve a 14-toninventory.

withdrawal X 344

14-Ton Rupture Scenarios

Cylinder

Fire systemand storage __
Figure 2. Contributions of Different impact _,

Facilities to Total Frequency of Rupture CompressionS,_"
systems'._ _

The contributions of individual facilities to the Transfer& [ Crane
summedfrequencyof ali leakagereleaseclassesare withdrawal
similar to those representedin Figure 2 for rupture processes
events.

Straddlecarner
Autoclave

Contributions of Different Accidents

This section is analogous to the previous one in that
the relative contributions to the total frequency are Figure 3. Contributions of Different
explored in more detail. In this case, the breakdown Accidents to the 14-Ton Rupture Frequency
is by type of accident. The following categories of
accidentsare included: The 2.5-ton releases are primarily associated with the

transfer and withdrawal processes, as indicated in
• Crane accidents, including equipment failures Figure 4. Once again, however, several of the other

and humanerrors, types of accidentshave non-negligible frequencies.
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An examination of the individual sequences
2.5-Ten Rupture Scenarios contributing to leakage release classesindicates that

Cylinder the same types of accidentsare importantat different
storage facilities. Compressorseal failures atLAW and tails

withdrawal account for about 20% of the total
Crane frequency. These failures involve a small total

inventory. Valving errors account for about 15% of
the total. Inadvertent crane lifts of cylinders without
disconnecting the pigtail are also important,

Transfer& Autoclave accounting for 7% of the total. Leakage scenarioscanalso occur as a result of failures of isolation

withdrawal boundaries during maintenance at tails withdrawal andprocesses
LAW. The total of ali maintenance-related leakage
events is 14% of the leakage total.

Figure 4. Contributions of Different DISCUSSION OF INSIGHTS
Accidents to the 2.5-Ton Rupture Frequency

Examination of the release frequencies and the
Individual Sequences contribution of individual facilities and different types

of accidents provides an understanding of the potential
The models resulted in detailed delineation of potential for UF6 release. The insights derived from the study
accident scenarios. The results presented in the main are summarized below.
report of the study (1) include listings of the most

important scenarios for each facility. As noted Plant.Wide Frequency of Release
previously, no one facility or type of sequence

dominates the results. Hence, no detailed sequence The results are consistent with plant data, although it
type dominates the overall frequency. There are some is judged that limitations in data and methods lead to
insights to be gained from an examination of these some conservatism in the estimates. Quantitative
detailed scenarios, however, results alone should be used with caution, however,

because they are subject to limitations associated with
The most important observation is that ali sequences this type of study.
that individually contribute 2% or more account for

only 40% of the total frequency. The release Another aspect of the results that should be recognized
frequency is therefore made up of a great many
different scenarios that have very small relative is that these release frequencies do not imply

significant health risks, particularly to the public
contributions. This suggests that the operations have offsite. Large releases have occurred in the past
tended to reach a steady state and that any unique without any significant adverse cons xluences. If these
safety issues have been eliminated through plant release frequencies were coupled withrealistic models
improvements, of atmospheric dispersion and health effects, a more

accurate portrayal of public risk associated with plant
Th¢ single most frequent accident is associated with a operation would be obtained.
hydrocarbon interaction in a daughter cylinder at X-
344. This sequence accounts for 10% of the total
rupture frequency. The rupture involving the largest Imnortance of Individual Facilities
inventory results from an inadvertent movement of a
10- or 14-ton cylinder by crane. The possibility of As described above, the results were calculated
leaving one or more lifting chains attached to a separately for individual facilities. The following
cylinder followed by an accidental crane movement findings apply:
represents an imlx)rtant crane accident at each facility.
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• None of the facilities completely dominates the • Collisions of the crane loads.
frequency of the importantreleases. Only X- • For leakage scenarios, failure of the compressor
342A has negligible risk compared to the seals.
others.

• Valving errorsthat leadto leakage.
• Certain facilities are more important than

n_lers for some specific types of releases. For • Releases during disconnection of pigtails.
large inventory (14-ton) ruptures tails • Maintenance errors on the tails and LAW
withdrawal is the most important, compression andcondensation systems.

It was concluded that there are no facilities that pose

unduerisk compared to the others. REDUCTION OF RELEASE FREQUENCY

Relative lmpor',ance of Types of Accidents While it is a desirable feature that no particular
accidents dominate, it also implies that any attempts

The c_ults provide insights regarding the makeup of at reducing the frequency through improvements in
the release frequency profile: any one area will have limited overall impact. It is

believed that this conclusion is a product of the fact
• For very large inventory releases, crane that the plant has had a long operating experience

accidents account for about one-half the with continuous improvements.
frequency. Accidents involving cooling
cylinders account for nearly another 25%.

The need for additional improvement is a management
• Parent-daughter transfer operations account for decision. While constant surveillance and marginal

more than half the frequency of rupture of a improvement continues to be a desirable process, the
2.5-ton inventory. Crane accidents are also need for additional improvement through more
important to this class, significant changes is a function of cost versus benefit

• Compression system accidents account for (and many other considerations). The consideration of
about half the leakage frequency, risk reduction requires development of priorities

• Inadvertent straddle-carrier conveyance of a concerning what types of risk to reduce.
liquid-f'dled cylinder is not important.

In a quantitative sense these results suggest that there
• Autoclave malfunctions have limited impact on are no obvious measures to reduce the overall

the overall results, although they do account for frequency of release. The qualitative aspects of the
15% of the very large inventory releases, results should therefore be considered. The insights,

• Weather-related events did not contribute, when coupled with engineering judgment and other
methods of safety review, may suggest areas for

Specific Accident Scenarios marginal improvement._

The analysis identified the specific types of accidents UNCERTAINTY AND LIMITATIONS
that are important to the potential for releases. The
results sections include detailed listings of the specific
types of contributors. A few of the important types The analysis attempted to obtain a best-estimate of

the frequency of release. There are limitations in the
of accidents are listed below: :aalysis that derive from the methodology as well as
• Hydrocarbon contamination of a daughter the scope of the evaluation. These limitations are

cylinder, discussed in appropriate sections of the report, lt is
• Inadvertent movement of a cylinder by crane, important to recognize these uncertainties and

due to failure to disconnect the cylinder after the limitations wt."', using the output of the study. The
previous operation, quantitative output of the study should be used for

• Straddle-carrier impact with a cooling cylinder perspective, but the freqt,_encies should not override
at the LAW cooldown area. traditional engineering review, judgment, and

decision-making.

| I
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USES OF THE MODELS AND RESULTS REFERENCES

The insights from the analysis can be folded into 1. Boyd, G. J., Lewis, S. R., and Summitt, R. L.,
other plant efforts aimed at safety review and Probabilistic Safety Study of UF6 Handling
improvement. The models can be used for Activities at the Portsmouth Gaseous Diffusion
maintaining an understanding of the risks as changes Plant, POEF-2-X, Safety and Reliability
are made to the plant and its operations, and as Optimization Services (SAROS), Inc. for Martin
experience highlights other events with safety Marietta Energy Systems, Piketon, Ohio,
implications. January 31, 1991.

While there are limitations that must be recognized,
the results of this study, when coupled with
engineering judgment, offer a unique perspective on

the safety of the plant. "The submitted taanascrip! hasheen authored by • contractor
of the U.S. Government uader Contract No. DE-AU05-
76OR00001. Accordingly, the U.S. Oovernmeut retaiM •
none_lusive, royally-free license to publish or reproduce the
published form of this contribution, or allow others to do so,
for U.S. Government pa_"



A NUCLEAR CRITICALITY SAFETY ASSESSMENT OF
THE LOSS OF MODERATION CONTROL IN 2½ AND 10-TON

CYLINDERS CONTAINING ENRICHED UF6
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Piketon, Ohio 45661
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ABSTRACT established personnel training programs, ensure
nuclear criticality safety for routine and emergency

Moderation control for maintaining nuclear criticality operations.
safety in 2_-ton, 10-ton, and 14-ton cylinders
containing enriched uranium hexafluoride (UF6) has
been used safely within the nuclear industry for over NOMENCLATURE
thirty years, and is dependent on cylinder integrity
and containment. This assessment evaluates the loss H/U Atomic ratio of hydrogen to uranium
of moderation control by the breaching of
containment and entry of water into the cylinders. K-eft Effective multiplication factor, a measure of
The first objective of this study was to estimate the whether the number of neutrons in an
required amount_ of water entering these large UF6 assembly is increasing or decreasing from one
cylinders to react with, and to moderate the uranium generation to the next. A value of unity is a
compounds sufficiently to cause criticality, self_sustaining chain reaction or critical.
Hypothetical accident situations were modeled as a
uranyl fluoride (UOeF2) slab above a UF6 K-inr Infinite multiplication factor, K-eft of an
hemicylinder, and a UOeF2 sphere centered within a assembly of infinite size.
UF6hemicylinder. These situations were investigated
by computational analyses util_ng the KENO V.a
Monte Carlo Computer Code. The results were used INTRODUCTION
to estimate both the masses of water required for
criticality, and the limiting masses of water that could Large 2_-ton, 10-ton, and 14--ton cylinders (i.e.,
be considered safe. The second objective of the Models 30B, 48X, and 48Y, respectively) _e routinely
assessment was to calculate the time available for used in the nuclear industry for handling, storing, and
emergency control actions before a criticality would shipping low enriched UF 6. For criticality control, the
occur, i.e., a "safetime,"for various sources of water filled cylindersmust conform to both moderation limits
and different size openings in a breached cylinder. In and maximum uranium-235 (U-235) enrichment limits.
the situations considered, except the case for a fire However, moderation control can be compromised if
hose, the safetime appears adequate for emergency a cylinder valve is broken off, or the cylinder wall is
control actions. The assessme_:t shows that current breached by a puncture or split. This paper presents
practices for handlingmoderation controlled cylinders the results of an assessment of breached cylinders
of low enriched UF6, along with the continuation of which are exposed to various sources of water. The

assessment was performed by the PAl Corporation of

115



116 Uranium Hexafluoride Handling

Oak Ridge, Tennessee, (1) with supporting computer The stoichiometry for the reaction between uranium
calculations performed by the Portsmouth Nuclear hexafluoride and water is represented by:
Criticality Safety Staff.(2)

UF6 + 2H20 --_ UO2F2 + 4HFr.

BACKGROUND The uranyl fluoride (UO2F 2 ) normally exists as a
solid and the hydrogen fluoride (HF) normally exists

Large 2_-ton, 10-t.on, and 14-ton cylinders are not as a gas.
geometrically safe, and the uranium mass in a
cylinder may greatly exceed the minimum critical The physical conditions depend upon several factors
mass for the U-235 enrichment. Thus, when these such as: the location and size of the puncture or
cylinders are used for enriched UF6 , both opening, source and flow rate of the water into the
moderation control limits and maximum U-235 cylinder, crystalline form and geometry of the solid
enrichment limits must be met. Moderation control UF6 inside the cylinder, lapsed time since water
for this purpose is defined as UF6 having a purity of entered the cylinder, etc. Further, a breach in the
99.5 percent or greater. This is equivalent to a cylinder wall can occur above or below the upper UF 6
hydrogen to uranium (H/U) atomic ratio of 0.088, or surface.
less. With moderation control, the DOE-ORO
approved U-235 enrichment limits are 5.0% for the For a breach below the surface of the solid UF6, the
2½-ton, and 4.5% for the 10-ton and 14-ton cylinders, moisture or water would contact the solid UF 6 and
Without moderation control, the maximum safe possibly seal the hole by forming a solid plug of
enrichment is 1% U-235. UO2F2 over the opening--at least temporarily, lt is the

authors' opinion that continued exposure of the solid
If a cylinder were breached while the UF 6 is in the UO2F2 plug to water would eventually result in an
liquid state, the UF6 vapor pressure would force the enlargement or growth, conservatively considered as a
contents out of the cylinder and would prevent sphere of UO2F2within the UF 6 inside the cylinder.
moisture or water from entering. Thus, this study
considered only cylinders containing UF6 in the solid In the case of water entering a cylinder breached
state, above the surface of the solid UF6, the UO2F2 could

form in a spherical configuration if the inleakage were
Subsequently, with its longitudinal axis horizontal, a at a slow rate; or, if the inleakage were at a faster rate,
cylindercontaining liquid UF 6undergoes a 5-daycool a layer or slab configuration could form at the upper
down period to allow the UF 6 to solidify. Thus, the surface of the solid UF6.
typical expected conditions inside a cylinder during
transportation and storage are a partial vacuum and Thus, calculations to investigate the spherical geometry
a solid UF 6 mass located in the lower portion of the would provide estimates for the minimum amounts of
cylinder, water for criticality,while the slab type geometry might

be more realistic in particular situations. These two
situations span the other possible geometries.

ANALYTICAL TECHNIQUE
For these calculations, the UF 6 was considered to be

On considering scenarios resulting in the loss of moderated by HF to an atomic ratio of H/U = 0.088,
moderation control, it is evident that there are many which is equivalent to a density of 4.958 gmUF6/cc.
possible situations that could occur within a large
cylinder containing solid UF 6 when the valve is The UO2F2 material was considered to be optimally
broken off, or the cylinder wall is breached and moderated with water to give conservative results in
exposed to moisture or water. Both chemical the calculations. Consequently, two series of K-infinity
reactions and the physical conditions must be calculations were run at various H/U values for both
considered. 4.5% U-235 and 5.0% U-235 enrichments using the

CSASIX control module in the KENO V.a computer
code. The results are plotted in Figure 1.
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The maximum K-infinity values occur at an H/U of 11 For the sphericadt geometry, it was considered
for 4.5% U-235, and 11.65 for 5.0% U-235 important that most of the 300 neutrons per
enrichments, and are the moderation values used for generation be started near the location of the sphere.
the KENO K-effective calculations. The equivalent Thus, both cylinders were modeled lengthwise as
densities were 2.327 gmUO2F2/cc and 2.214 three equal units so that the "cosine"neutron start
gmUO2F2/cc, respectively, type option could be used in the KENO calculations.

Representations of the KENO 10-ton cylinder model
K-infinity vi. Moderlltion Witha UOeF 2 slab, and the 2-1/2-ton cylinder model

x-,.,.,,, With a UO2F2 sphere are shown in F_gures 2 and 3.

MODEL 4BX 'K)-TON CYLINDER

,.,, -\ ,-,.,,-- 4,.o,.Oullidt dltilr li 355
1.4 Will lhlcknell 0.615"

l.ll - _ t 3 Oulldt length 118.75" CROI-IECTIONAL

[ I "_ 81DE VIEW AT CYLINDER AXIS VIEWl.il

.+
1.14

O • 10 li lO 11 lO
H/U l_llll tltll

o.+,u.,,o,,,u.,,FIGURE 1. INFINITE UOp, SYSTEM ___,-.._._ _ -.,.--4 :."._--_4 :::

_0 computer code problems were run to Co°'t_::,_'.'.""
investigate situations for masses of moderated "'
uranium material in slab and spherical geometries in FIGURE2.KENOIO-TOI_,¥LINDERMODELWITHUOiF2SLAB
both 2Y2-tonand 10-ton cylinders. Thc 2Ye-ton
cylinder was evaluated at 5.0% U-235. The 10-ton

MODEL _IOB 2-1/2--VON CYUNISZR

cylinder was evaluated at both the approved 4.5% ,_. a_,,.t., 2i.25"
enrichment limit and at 5.0% U-235 enrichment, o.,.u. ,,_,,.,,,.,,,so=5-WIN thkiknill 0.80"

Inllde lengih 76.80"

Ouliide length 76.50" CRO88-SEGTIONAL

A 14-ton cylinder was not investigated since the 8,_ vmwATc_,Nos..xIs VIEW

enrichment can be conservatively applied to the 14-
- _ _<_+-;,_",.-+.-• -. _ . .ton__. _:_" _ "_ " [7_:.'ii }
:, " _ :+++++,: t +,+ .. _ l

The 5.0% enrichment in the 10-ton cylinder was I-
investigated because the Portsmouth Gaseous ---:f_:_ _---.,-'---_ _----...,'--P'--""--
Diffmion Plant hadrequested,andhas just recently co

r_i_ed,DOa<mO:ppro_to_dr:w_'Ur6up !iltF

to 5.0% U-235 enrichment into 10-ton cylinders for
FIGURE 3. KENO 2-1/2-TON GYLINDER WITH UOaF 2 SPHERE

on-site usage.

The slab geometry was modeled as an optimally
moderated UO2F2 layer above a UF 6 hemicylinder Fortranprograms for an IBM personal computer were
inside a carbon steel cylinder which was reflected at written to calculate changes for the KENO input data
the bottom by 12-inch thick concrete. The spherical as the thickncss of the UOeF2slab or sphere diameter
geometry was modeled as an optimally moderated was ,/ailed for a particularU-235 enrichment. As the
UO2F2 sphere located at the center of the UF6 volume of UO2F2 was varied, the volume of UF6 was
hemicylinder inside a carbon steel cylinder, similarly changed by an equivalent amount to simulate the UI_
reflected.
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being converted to UO2F2 by reacting with water. K-effectivevs. (aallonl H20
Thus, the upper surface of the UF6 hemicylinder,and
the upper surface of the UO2F 2 slab, as appropriate, x-.,..,,.
were adjusted for each calculation so that the total ,.os

uranium mass remained constant within the round-off , l-
error of the calculations. In the calculations involving /
the spherical geometry, only the UF 6 surface in the o.os /

,,,,t_r

middle unit was changed. This was a choice, in _j/"
geometry modeling technique, and is not cons'dered o.,_ I
significant in these problems, l0.I18

II 100 101 110 I+1 120 121 110 118 140 141 110

At least three KENO computer calculations were run ...o.0.2o
for each of the six combinations of UO2F 2 geometry, [] +.s, u-zas o s.o, u-_ss

cylinder sizes, and enrichment values so that the FIGURE 4. UO2F2 SLAB IN lO-TON CYLINDER
calcuU'ed K-effective values spanned the range of
interest.

I_F, SUL']['S K-effective vs. Gallons H20

The calculated K-effective values were plotted as a ,.o, x'*''*'''-
function of gallons of water for each particular /_!

geometry type and U-235 enrichment. Examples are
shown in F'_,m'es 4 and 5. o.ss r _ _/

o.o--- _/.-The estimated critical awl safe amounts of water for of

each situation were taken wkere the curves intersect o.,s _, ] l
the K-effective values of 1.0 and 0.95, respectively, o., , I

2 s'.ll 8 a.g 4 4.1 li •.8 • 11.8

These interpolated values were used as the estimated o.,,....+o
critical and safe amounts of water, and are presented [] 4.s, u-_ss o s.c, u-.s.

in Table I. FIGURE 5. UC)2F 2 SPHERE IN lO-TON CYLINDER

As stated previously, estimates for the lO-ton cylinder
using 4.5% U-235 enrichment can also be
conservatively applied to the 14-ton cylinder.
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TABLE I. EstimatedCritical and Safe Parameters

Estimated Critical Estimated Safe

Cylinder Wt % Pounds Gallons Pounds Gallons
Size U-235 Geometry Water Water Water Water

10-ton 4.5% Slab 1,133.8 136.0 992.1 119.0
10-ton 5.0% Slab 1,075.5 129.0 933.7 112.0

2-1/2-ton 5.0% Slab 479.4 57.5 429.4 51.5
10-ton 4.5% Sphere 45.8 5.5 35.8 4.3
10-ton 5.0% Sphere 41.7 5.0 32.9 3.95
2-1/2-ton 5.0% Sphere 50.0 6.0 39.2 4.7

ASSESSMENT safetime in this situation might be quite long, or could
terminate by changing to a different type situation as

In investigating loss of moderation control when wet described below.
air enters the various breached cylinder_ it was
assumed that the free volume inside a cylinder is 40% When the source of moderation is a liquid such as
and is occupied by the wet air. An ambient rainfall, or water from fire-fighting or fire-protection
temperature of 80 degrees Fahrenheit and a relative systems, the situations are more complex. The
humidity of 82% was assumed; under these safetimes for these situations are based upon the time

conditions wet air has _ mass of 0.0013 lbs H20 per required for 3.95 gallons of water, the minimum
cuft of air. estimated safe amount taken from Table 1, to enter a

cylinder from the particular water source. These

Even if ali the moisture in the air above the OF 6 calculated safetimes are presented below in Table 2.
were available for moderating the uranium, no
criticality would occur since the quantity of water Some simplifying assumptions were required in
would be insufficient to reach critical conditions. In calculating the safetimes; flow rates were assumed to

be 50 gal/min over 225 sqft for the sprinkler head andreality, a portion of the hydrogen would be forced out
100 gal/min over 5 sqft for the 1-1/2 inch hose.of the cylinder by the formation of HF gas in the

hydrolysis of UF 6. By comparing the potential for water entry through
various size openings and from various water sources,

Should a breached cylinder remain open for an time periods have been identified during which
extended period of time, the cylinder could undergo corrective action can be taken before the occurrence of
temperature cycles and experience "breathing" which a criticality.
could introduce additional moisture into the cylinder.
Depending on the size of the opening, the effect of However, it is apparent that when a high pressure
breathing of wet air could be short term, since small hose stream is directed toward even a small opening,

openings self seal due to the formation of UO2F 2. the safetime for emergency control could be relatively
As the hole size increases, the HF and UO2F 2 tend short. Therefore, a specific prohibition in regard to
to escape which would be noticed by operating the use of these hose streams around moderation
personnel so that corrective action could be taken.

control cylinders is incorporated into emergency
procedures.

In order to approach criticality, the breathing cycle
must be repeated in excess of 1,000 times for both
Model 48 and Model 30 cylinders. Obviously, the
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TABLE 2. Estimated Safetime for Emergency Action

Safetime

Water Cylinder Opening Diameter (in)
Source Size I 3 6

I in/hr Rainfall 10-ton 132 hr 13 hr 3.3 hr
2-1/2-ton 157 hr 16 hr 3.9 hr

Sprinkler Head 10-ton 55 hr 6 hr go min
2-1/2-ton 65 hr 7 hr 107 min

1-I/2 inch Hose lO-ton 6 hr 4 min I min
2-1/2-ton 7 hr 5 min I min

For the case of a Model 48X cylinder at 5% U-235 4. Storage areas should have satisfactory drair_age
enrichment, when the water source is a sprinkler and not be subject to flooding.
head and the opening is 6 inches in diameter, the
safetime to reach the safe water volume of 3.95 5. Fire hose streams should not be used in areas

gallons and to take emergency action is about 90 min. where moderation controlled UF,_ cylinders are
If the opening is smaller and/or the water flow is stored.
smaller, the safetime becomes significantly greater.
Conversely, larger openings and/or greater water
flow would reduce the safetime. REFERENCES

1. W. A. Pryor and R. L. Newvahner, "Nuclear
CONCLUSIONS CriticalitySafety Assessment of Loss of Moderation

Control in Large Cylinders Containing Low U-235
Based upon the results of this assessment, the EnrichedUraniumHexafluoride,'PAICorporation,
following conclusions apply to cylinders under Oak Ridge, Tennessee, and Martin Marietta
moderation control: Energy Systems, Inc., Portsmouth Gaseous

Diffusion Plant, March, 1990.
1. A criticality can occur if the containment is

breached and a sufficient quantity of water enters 2. R. L. Newvahner, "Nuclear Criticality Safety Study
the cylinder, of Loss of Moderation Control in 10-ton and 2-½-

ton UF6 C'yiinders by KENO V.a Computer Code
2. Prompt emergency actions in a safe, orderly Analyses," POEF-T-3495, Martin Marietta Energy

manner can prevent a criticality. For example, a Systems, Inc., Portsmouth Gaseous Diffusion Plant,
breach in a cylinder could be covered temporarily December, 1989.
with a tarpaulin or an HF- and UF6-resistant

material to seal the opening until more permanent "Thesubmittedmaanscdpt hasbeena_thoredby • contractor
repairs can be made. or the U.$. Government under Contract No. DE-AC05-

76OR00001. Accordingly, the U.S. Government retains •

3. If flooding is imminent, a damaged cylinder nonexclasive, royalty-free license to publishor reproduce thepublished form of this contribution, or allow others to do so,
should be transferred to a dry area immediately, tor U.S. Government purtmaes."
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THE ULTIMATE DISPOSITION OF DEPLETED URANIUM

T. R. Lem6ns

Enrichment Technology Operations
Uranium Enrichment Organization +

Oak Ridge, Tennessee U.S.A.

ABSTRAC'I' diffusion process. This process utilizes uranium
hexafluoride for the process medium. Feed

Depleted uranium (DU) is prodL'ced as a by- materials are received at the gaseous diffusion
product of the uranium enrichment process. Over plants (GDP's) in the UF6 chemical form and
340,000 MTU of DU in the form of UF6 have been shipments of both enriched and depleted uranium
accumulated at the U.S. government gaseous to customers are in the UF6 form. Current

diffusion plants and the stockpile continues to practice is to maintain ali inventories as UF 6 for
grow. An overview of issues and objectives cost minimization and flexibility. In general, the
associated with the inventory management and the enriched and depleted UF 6 products are converted

ultimate disposition of this material is presented, to uranium metal or uranium dioxide after they
have been shipped to commercial facilities for a
customer.

INTRODUCTION
About 340,000 MTU of depleted UF 6 have been

Large quantitiesofdepleted uranium arege.'lerated accumulated at the US government GDP sites.
as a by-product of the uranium enrichment process. Most of this stockpile is stored in standard 14-ton
In natural uranium, the concentration or assay of thin wall cylinders (Type 48(3). The stockpile

t_e fissile isotope, U-235, is only 0.7% of the total contains more than 40,000 cylinders, some of which
uranium. Natural uranium also contains _ minute have been in stor_tge for more than 20 years.

amount of U-234, but is made up primarily of the (Figure 1. DU Storage at the Paducah Enrichment
most stable isotope (over 99%) U-238. For most Facility--Aerial View of Cylinder Yards)
military and commercial applications, the uranium
must be enriched - i.e., the concentration of the U- Storage of DU in UF 6 cylinders is expected to

235 isotope must be increased. Enriching uranium continue for many years. An important objective
involves robbing or depleting U-235 from the bulk of the DU inventory management program is to
of the feed material in order to concentrate it in maintain the UF 6cylinders in serviceable condition

the enriched stream. For commercial enrichment and prevent any accidental release which could

levels (up to 5% U-235), 5 to 10 kgs of DU are adversely affect the environment or the health and
generated for every kg of enriched uranium safety of plant workers and the public. Tlm DU

produced. Higher enrichments generate much cylinders are stored outside in two-tier rows where
higher proportions of DU. they are subject to external corrosion and

sometimes to mechanical damage. (Figure 2.

Significant quantities of DU have been used for Cylinder Handling in Storage Yards--Cylinder
various commercial and military applications in the Stacker and Straddle Carrier in Action) The

past. However, DU generation has far outstripped ongoing cylinder integrity program includes
demand so large stockpiles of DU have been cylinder yard inspections, corrosion studies, and
accumulated and are growing rapidly. This paper maintenance/upgrading activities. Other

explores options for inventory management and the conference papers discuss these programs in detail
ultimate disposition of surplus DU. (see "An Update on Corrosion Monitoring in

Cylinder Storage Yards" by H. M. Henson and

The only commercial production process for "UF6 Cylinder Inspections at PGDP" by G. W.
uranium enrichment in the USA is the gaseous Lamb and W. N. Whinnery).

+ Managed by Margin Marietta Energy Systems, Inc., for the U.S. Department of Energy.
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Figure 1. Cylinder Storage at Paducah GDP

Figure 2. Handling and Stacking of DU Cylinders
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DU management planning must address near-term needs. Many rows of cylinders are butted together
economic goals as well as the long-term disposition on the plug end so that thorough visual inspection
of excess DU. Near-term goals are to utilize the would require special equipment. As cylinders are
partially depleted uranium as feed for the uranium restacked to replace saddles and correct other
enrichment program for further stripping of the U- deficiencies, rows will be spaced to provide easy
235 isotope when economic conditions warrant access to both ends of the cylinders. This will
while avoiding any unnecessary chemical increase storage yard areas by a small amount.
conversion costs. Long-term, it is expected that
excess DU will be converted to oxide for Corrosion studies have shown that solid UF6 is

permanent storage or disposal after the U-235 has very compatible with the bare steel inner surface of
been fully depleted, the cylil:ders used for handling and storage.

Cylinder life is limited only by exterior corrosion
UF6 CYLINDER STORAGE or mechanical damage. The only short-term

corrosion problems have been pitting where
The total DU-UF6 inventory at the end of moisture is more or less continually present or
September 1991 was approximately 340,000 metric chemical corrosion where containment has been
tons of uranium (MTO). The DU cylinder breached due to mechanical damage. At present,
inventory at the three U.S. diffusion plant sites nearly ali of the DU cylinders are stored on either
included about 40,000 standard 48-inch cylinders, concrete-paved or compacted-gravel yards. The
In addition, a few thousand nonstandard cylinders lower tier of cylinders utilizes creosote-treated
were included in the inventory. Ali of the cylinders wood or concrete saddles for above-ground
are located in outside storage yards where they are support. However, some early yard preparation
exposed to the elements, proved to be inadequate. Wooden saddles

deteriorated in many cases and some sank below
The principal DU-UF6 storage container is a 48- the surface of the yard leaving the bottom cylinder
inch-diameter thin-wall cylinder of 14-ton capacity in ground contact. Pit corrosion has rendered a
designated as Type 48G (working pressure rating of few cylinders u_erviceable in these instances. The
100 psig, with a wall thickness of 5/16 inch), only known instances of breach of containment
Several minor design variations have been have been two cylinders at Portsmouth which
fabricated such as Models 48 H and 48 X, Model apparently sufferc_ cracked cylinder walls from
O, and Model M. rough handling and subsequently had holes formed

in the cylinder walls by chemical corrosion. Dr. E.
Most of these cylinders are stacked in two-high J. Barber has prepared a conference paper on these
arrays, in double rows, with the plug ends of the incidents (see "Chemic_a; Aspects of Cylinder
cylinders separated by about one foot and the valve Corrosion and a Scenario for Hole Development").
ends by three to four feet. DU cylinders are
nominally spaced at 62-inch centers. In an infinite A protective coating on the exterior surface of DU
array (i.e., ignoring dead space at the edges), this cylinders could extend cylinder life indefinitely.
gives an area requirement of 38 ft2 per cylinder, Cylinders have generally been procured with a
exclusive to the area for manipulation of the painted exterior surface. However, the paint has
cylinder handling equipment. About 40 acres are not been protective in outside storage and is not
currently dedicated to DU storage yards at the resistant to steam in the autoclave cycle; so the
three GDP sites. The DU-UF6 stockpile is storage life of an unprotected cylinder ".noutside
increasing at the rate of about 20,000 MTU per storage is limited by the effects of atmospheric
year, requiring about 2500 new cylinders and 2.2 corrosion. The net effect of the initially specified
acres of new storage space each year. Although paint coating is to extend the cylinder life by a few
costs for the new DU storage run to several years at best, not a significant amount in the
million dollars per year, these costs are minor estimated 50-60 year storage service life of a thin-
compared to total UE program costs, wall steel cylinder. Preparing the steel cylinders,

which would no_._Atrequire emptying, for extended
The geometric arrangement currently used for DU storage in order to essentially eliminate
cylinder storage was intended only to facilitate atmospheric corrosion would require cleaning ali
inventory and accountability requirements, with no surfaces to bare metal by abrasive blasting and then
consideration for other monitoring or inspection priming and painting them. Presently, available
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paint systems have life expectancies in outdoor Some, perhaps ali of the DU stockpile has the
service that may exceed 25 years, and with spot potential for acquiring value as feed material as
repair and effective monitoring, use of such systems time progresses. This will result when excess
would reduce atmospheric corrosion losses to zero. supplies of natural uranium are worked off and the
Reconditioning the once-painted cylinder would be price of natural feed material escalates rapidly
less costly since the initial abrasive blast relative to the cost of enrichment. An insight to
preparation step would not have to be repeated, this phenomenum can best be gained by reviewing
High quality protective coatings are currently being the economic trade-off between the feed cost and
evaluated, the enrichment cost of the uranium enrichment

customer.

Extensive storage yard upgrading has been
evaluated. In an idealized storage configuration, The economic objective of uranium enric::ment
every cylinder would be accessible and weil- customers is to minimize the overall cost of
protected. The ultimate upgrade would be indoor enriched uranium production by striking an
storage in a secure facility with humidity control to optimum balance between feed and separative work
eliminate corrosion and with equipment to monitor costs. This balance is quantified as the optimum
for possible releases. Single tier rows (no stacking) or break-even tails assay, at which the total cost of
or rack storage with sophisticated handling enriched product is minimized.
equipment would minimize the risk of mechanical
damage. However, this level of upgrade would The total cost of enriched product is the sum of
escalate costs dramatically and such cost increase two component costs; feed cost and enrichment
is not justified in light of the excellent track record cost. For a given enriched product requirement,
for outside storage. A lower level of upgrading feed cost increases and enrichment cost decreases
which could include paved surfaces with run-off as the transaction tails assay is increased, and vice
monitoring, concrete aprons, security fencing, versa.
lights, and more space for handling equipment
should be sufficient. The total cost of the enriched product will reach a

minimum at the optimum tails assay. The
DU INVENTORY MANAGEMENT optimum tails assay can be calculated by

determining the tails assay for which the derivative
DU has accumulated at enrichment facilities of the total cost equation is equal to zero. A
because it currently has no feed value to uranium derivation of this equation is shown in Table 1.
enrichment customers and demands for other

applications have been limited. Established Note that for a given feed assay, the expression for
practice is to provide only the lowest assay DU calculating optimum tails assay is simply a function
(nominal 0.2%) to any customer requesting their of the uni.._..!tcosts for feed and separative work. The
tails for enriching services, even when the optimum X_ is completely independent of the
transaction tails assay is much higher. DOE will enriched product assay. A plot of the optimum
accept title and responsibility for the tails transaction tails assay versus the ratio of unit costs
associated with any enrichment transaction if the for feed and separative work is shown in Figure 3
customer elects not to take the calculated quantity for natural uranium feed (assay 0.711% _sU). The
of tails at the 0.2% U-235 assay. Almost ali absolute values of the feed and SWU costs are not
customers elect to let DOE keep the tails from important--only the cost ratio.
their enrichment service.

The ratio of unit costs for feed and SWU in recent
Demands for uranium for other applications are years has been on the order of 0.5 which leads to
relatively small so nearly ali of the tails generated an optimum tails assay of about 0.3%. In this
is being stockpiled by DOE. Other applications environment, the existing DU stockpile is
include government and military uses for such essentially worthless as feed for uranium
things as radiation shielding and high penetration enrichment. If feed and SWU unit costs increase

projectiles. Commercial applications such as by the same percentage (e.g., due to inflation), the
special counterweights take negligible quantities of optimum X, is unchanged. However, if the cost
DU. ratio escalates to 1.3 or above, the optimum X_
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Table 1. Calculation of Optimum Tails Assay

Total Cost of Enriched Product, CT = Feed Cost + Enrichment Cost

Feed Cost = UFF = UF P(F/P) = UFP Xp- xW
xF - xW

and,

Enrichment Cost = USWU V = USWU [Pu(xp)+ Wu(xw) - FU(XF)]

= USWUe [U(Xp) + W/P U(Xw) - F/P U(XF)

" __W) - Xp" x__w) O(XF) ]= Xp xF U(Xg) ( XFUSWU P [U(Xp) + (xF

where:

P, F, and W = Product, feed, and tails quantities,
respectively,in kg U;

Xp, xF, and xW = Product, feed, and tails assays, respectively,
in wt fraction U-235;

UF = Unit cost of feed, $/kg U;

USWU = Unit cost of separative work, $/SWU;

V = Separativework requirement (total SWU) for
productquantity P in kg U;

_(x) - Value function = (1-2x)tn ( l-x_____- I x)

Combini ng:

xjl+Uswuio,x ,+(X Xwo,xw,(X,o,x ,1xF xF xf x

Taking the derivative of CT with respect to xW and setting it equal to zero,
we obtain"

UF = (1-2XF)Qn [xwll-XF) ]-xF 2xW - I)
USWU XF(1 Xw_1 +(_) (i - xw

Which will yield the optimum xW when solved by trial and error for any UF/UswU
cost ratio.
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will drop below 0.2% and ali of the existing DU type of nuclear reactor. It will be decades, perhaps
stockpile would have feed value. This would make even hundreds of years, before breeders become a
it profitable to recycle the DU material if no form for ultimate disposition.
chemical conversion or other major costs are
incurred. Common chemical forms used for open storage of

uranium in industry are: UF4, metal, and oxide. Of
The DU material can be recycled in the existing these, UaO8is the most stable form and is the form
commercial enrichment processes (gaseous of uranium found in nature. UF4 decomposes in a
diffusion and centrifuge) for nominal handling moist environment, emitting HF. Uranium metal
costs as long as the stockpile remains in the UF6 readily oxidizes. This leaves UaO8 as the obvious
form. Chemical conversion costs would be an choice for "permanent" storage.
important factor in determining the economic
viability of DU recycle in the AVLIS process. If a program of converting fully depleted uranium
Whether rapid escalation of the feed/SWU cost to UaOa is adopted in the future, two waste
ratio will occur before or after the gaseous minimization objectives of interest would be to
diffusion and centrifuge processes are replaced by develop a conversion process which permits
AVLIS or another process utilizing a different recovery/recycle of ali fluorine and which utilizes
chemical form of uranium is a matter of sheer the UF6 cylinders as storage vessels for the oxide.
speculation at this time. Therefore, a prudent This would eliminate disposal costs for these
decision on chemical conversion of the DU materials plus reap the economic benefit for th,_
stockpile cannot be made until a replacement new applications. Development work would be
technology is deployed and the economics are required to achieve either of these objectives and
known, this development work should be initiated well in

advance of the initiation of engineering design
ULTIMATE DISPOSITION OPTIONS work on conversion facilities.

The only major long-term use for uranium stripped REFERRNC'F__
of ali economically recoverable Z3sUwhich has been
identified to date is for target material in a breeder 1. T.R. Lemons et al., The Ultimate
major energy source, lt follows that fully depleted Disposition of Depleted Uranium, K/ETO-
uranium should be converted to a stable chemical 44, Martin Marietta Energy Systems, Inc.,

ORGDP, December 1990.

"Thesubmittedmanuscripthasbeenauthoredby•contractor
of the-I'S,GovernmentunderContractNo. DE-AC05-

76OR0&I01. A_"ordinf,ly, the U.S. Government retains •
uonexclusiv,-.,royally-freelicenseto publishor reproducethe
public,nedform of thiscontribution, or allowothersto do so,
for U.S. Governmentpurposes."



AN UPDATE ON CORROSION MONITORING IN
CYUNDER STORAGE YARDS"

H. M. Henson
V. S. Newman
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Oak Ridge K-2S Site
Oak Ridge, Tennessee USA

ABSTRACT INTRODUCq_ON

Depleted uranium, from U.S. uranium isotope en- Uranium hexafluoride (UF6) throughout the nuclear
richment activities, is stored in the form of solid fuel cycle is handled and stored in cylinders which are
uranium hexafluoride (UF_) in A285 and A516 steel designed, manufactured, and maintained in
cylinders designed and manufactured to ASME accordance with the ASME Boiler and Pressure Ves-

Boiler and Pressure Vessel Code criteria. In sel Code for unfired pressure vessels (Section VIII).
genera 1, storage facilities are open areas adjacent to Cylinders for the storage of partially depleted

the enrichment plants where the cylinders are material, in 10 and 14 ton sizes, are 48 inches in
exposed to weather. This paper describes the Oak diameter and are constructed of mild steel. There are
Ridge program 1 to determine the general corrosion presently more than 40,000 of these cylinders within
behavior of UF, cylinder_, _o determine cylinder yard the DOE complex currently used for the storage of
conditions which are likely to affect long term isotopically depleted solid UF e Approximately 5000
storage of this material, and to assess our cylinder of these cylinders are stored at the Oak Ridge K-25
storage yards against these criteria. Site; some of these are over 35 years old.

This program is targeted at conditions specific to the Oak Ridge cylinder storage facilities are open areas
Oak Ridge cylinder yards. Based on (a) de- adjacent to the former enrichment plant, where the
termination of the current cylinder yard conditions, cylinders are exposed to weather. Some cylinder

(b) determinalion of rusting behavior in regions of degradation is expected to have taken place, primarily
the cylinders showing accelerated attack, (c) from exposure to the environment. Atmospheric cor-
monitoring of corrosion rates through periodic rosion of mild steel varies from less than 1 to over 10
measurement of test coupons placed within the mils per year; UF_ corrosion at the inside wall surface
cylinder yards, and (d) establishment of a computer is expected to be less than 0.1 mil per year. 2"3 This
base to incorporate and retain these data, we are atmospheric corrosion of the exterior surface of the
working with the enrichment sites to implement an cylinders indicated the need for the monitoring of

upgraded system for storage of this material until cylinders in storage to provide assurance that they
such time as it is used or converted, have not deteriorated to the extent that they no

longer meet wall thickness requirements for shipping
and handling.

*Based on work performed at the Oak Ridge K-25 Site managed by Martin Marietta Energy Systems,
Inc. for the U.S. Department of Energy.
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At one time, feed materials were transported ex- during stacking operations. More details on these
elusively in cylinders rated for 200 psi working revisions are presented in a paper by G. W. Lamb
pressure, the same design utilized for product (en- and W. N. Whinnery entitled "UF6 C_linder
riched) material. In frequent use in the fuel cycle, Inspections at PGDP. "4
they were subjected to periodic cleaning, inspection,
and hydrostatic testing. Present practice, however, Periodic visual inspections of the cylinder yards are
allows one-time use of a new 100 psi cylinder for being supplemented by microscopic sampling, field
UF6 transport, after which it is used for UF6 storage metallography, and ultrasonic testing of a statistically
at its destination. The cylinder yards are therefore determined sample of the cylinder_ in storage. Field
occupied by two populations of storage cylinders: testing will emphasize those regions of the cylinders
1. Obsolete feed cylinders code-rated at 200 psi that have been identified for special attention.

working pressure with 5/8 inch nominal wall thick
hess. Ultrasonic determination of cylinder wall thickness

2. Cylinders code-rated for 100 psi working continues at Oak Ridge, as well as at the other
pressure, designed and built as storage cylinders enrichment sites. Laminar discontinuities within the
with 5/16 inch nominal wall thickness, or steel cylinder wall can give false thickness readings
cylinders built as one-time use feed cylinders, using the small portable instrumentation previously
then diverted to depleted solid UF_storage at the described; the use of beta-scans can differentiate

receiving site. These two types of cylinders were between these discontinuities and actual wall
built to the same specifications, thinning.

The cylinders in the second category continue to be
the primary focus of the Oak Ridge monitoring The use of com;nercially available indicating tape for
work. The programs ongoing at the K-25 Site in- detection of HF vapor in the cylinder yards is
clude (1) determination of the current conditions of expected to provide further confirmation of cylinder
cylinders in outside storage by improved inspection integrity. This tape is currently undergoing field trials
methods and procedures, including ultrasonics, (2) at the Oak Ridge K-25 Site; it changes colors at HF
measurement of corrosion rates through use of levels of less than 10 ppm.
ASTM corrosion test coupons and commercial
corrosion probes, and (3) provision of quality MEASIJREMENrTOFCORROSIObl RATES
assurance documentation through a complete data
base meeting NQA-1 requirements. ASTM corrosion monitoring has been in progress for

over two years at the K-25 Site, in order to accurately
CYLINDER YARD SURVEK/ANCE predict environmental degradation of cylinder steel in

the Oak Ridge area. Similar programs are in piace
Inspection of the Oak Ridge cylinder yards during at Paducah and Portsmouth. Sets of well-character-
the summer of 1990 revealed both storage defects ized standard coupons placed in racks at the three
and adverse valve conditions, and surveillance of sites are removed periodically for evaluation. The
storage yards on a semi-annual basis was initiated, preparation of the coupons and racks and the
While original inspection criteria for the cylinders collection of data are being performed following
focused mainly on the valve area, the revised Oak American Society for Testing and Materials (ASTM)
Ridge inspection program will address safe storage standards. Three sets of steel coupons were chosen
in a comprehensive manner, so that some for the study, (1) ASTM A285 to represent cylinders
inspections will include thorough documentation of pre-1975, (2) ASTM A516 to represent cylinders
the condition of both cylinder and storage post-1975, and (3) ASTM A36 steel to encompass ali
environment. Regions of the cylinder where material conditions of cylinder corrosion. The work
accelerated corrosion might be expected, such as will continue for a 16 year period.
welds, contact points, damp regions, crevices,
dissimilar materials points, and ground contact are Initial data confirms a low rate of overall thinning in
of particular interest; however inspectionofn_anyof Oak Ridge. Measured rates for initial two-year
these areas presents a particular challenge, since exposures of a cleaned surface ranged from 0.8 to 1.2
access is often difficult. Techniques developed for mils per year. This rate is expected to decrease with
these evaluations include microscopic sampling, exposure, as the corrosion products provide surface
However, in addition to periodic inspections, the protection, so that overall thinning is expected to
revised program includes provision for evaluation
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progress at a rate of less than 1 mpy under current of an environmentally exposed measuring element is
conditions, compared to that of a reference element which is

protected from the environment and retains its
Determination of changes in storage environment original thickness and resistance. This measuring
has received considerable attention as welL Weath- element reacts continuously with the environment;
ering attack depends on the presence of surface portable instrumentation can detect very small
moisture; corrosion rate is, therefore, influenced changes in corrosion rate.
markedly by relative humidity. Surface temperature
will affect both the corrosion kinetics and the Initial results with this system were not positive. A
presence of surface moisture. Retention of moisture single probe, consisting of a 10 nailsolid metal strip
in contact with the steel surface, particularly where element of AISI 1018 mild steel encased in epoxy
the moisture contains mine_'alsalts, can increase at- failed completely after seven days of exposure, due to
tack rates by a factor of 10 or more. Time-of-wetaess separation of metal strip and epoxy. The element now
probes have been evaluated, and are being deployed in the field testing is a thin-walled (10 mil),
in Oak Ridge, to monitor the presence of moisture cylindrical element (XCEL) fabricated from AISI
(rainfall, dew, fog or snow) on steel surfaces in the 1018 mild steeL
cylinder yards in accordance wire ASTM guidelines.

DOCUMENTATION

Commercially available transducers by Epitek Revision of the initial data base developed for
Electronics, Inc. and UNIDATA America have been documentation of corrosion data Js currently
selected. The probes which have been found to give underway to reflect the integration of corrosion data
the most reliable data have a grid size ranging from with other storage concerns. The new database will
approximately 2 in. by 3 in. to 3 in. t,y 4 in. A be entered on a mainframe computer system, but will
Starlog Data Logging System, Model 6C03B with the still follow guidelines set forth in ANSI/ASME NQA-
vendor provided software package is used for 1 Bas/c Requ/rement No. 17 - _ Assurance
acquisition and logging of the data from the time-of- Records. The cylinder manufacturing data, service
wetness probes, history, inventory, and inspection records are in-

cluded; records will be flagged for cylinders identified
Probes are adhesively bonded to the surface being _ requiring special handling. Data from the
measured and are being placed on the ASTM rack mainframe maybe transferred to a personal computer
coupot_sas well as representative cylinders from top, for aut_orized modification and presentation.
bottom, inner and outer rows. Monitoring will
include those special areas (e.g., junction of the SUMMARY
cylinder head and the skirt where water and debris
are expected to accumulate for time periods much The corrosion monitoring program at the Oak Ridge
greater than that of the bulk surface area of the re- K-25 Site has undergone considerable modification
mainder of the cylinder). Temperature probes are during the past several years. Current work reflects
also being placed in the same areas as the time-of- an integrated effort, with planned sa,Ce storage
wetness probes. This data will be used to more recognized as an important part of Site operations.
closely relate the information obtained from the Field techniques have bee_ evaluated for cylinder
study of the coupons to the actual condition of the examination and commercially available
cylinders, instrumentation and existing techniques identified as

suitable for use in the cylinder yards. Revised criteria
Another commercially available instrument which is for periodic inspection and ultrasonic measurement
_ed to rapidly (real-time) verify corrosion have been developed. Initial data obtained indicates
conditions at the Oak Ridge K-25 Site is a system of overall cylinder wall thinning in the Oak Ridge area
electrical resistance corrosion probes manufactured is progressing at a very low rate. This work is con-
by Cortest Instrument Systems, Inc. One monitoring tinuing, while more emphasis is now being placed on
instrument (Petrolite ° Electrical Resistance Portable the monitoring of cylinder yard conditions to assure
IN-8000) is used with electrical resistance probes in- continued respons_le custody of isotopically depleted
stalled at multiple locations. The sensing element material.
housed within the electrical resistance probe is a
metallic conductor whose electrical resistance

depends on the thickness of the element. Thinning
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UF6 CYLllqDER INSPECTIONS AT PGDP

G. W. Lamb
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Chemical and Waste Services

Martin Marietta Energy Systems, Inc.
Paducah, Kentucky, U.S.A.

ABSTRACt cylinder yards and the forms used in the
inspections are shown. The large number of

Routine inspections of ali UF6 cylinders at the cylinders (>30,000) to inspect and the schedule for
Paducah Gaseous Diffusion Plant have been completion on the mandated time table are
mandated by the Department of Energy. Aspecific discussed. Results of the inspections and the
UF6 cylinder inspection procedure for what items actions to correct the deficiencies are explained.
to inspect and training for the operators prior to Future inspections and movement of cylinders for
inspection duty are described. The layout of the relocation of certain cylinder yards are defined.

submittedmanuscripthasbeenauthoredbyacontractor
of the U_ GovernmentuaderContractNo. DE-AC05-
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aoaexclusive,royalty-freelicensetopublishorreproducethe
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RADIATION DOSE RATES

FROM _6 CYLINDERS

P J Friend

Production and Planning Services Manager
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ABSTRACT SOURCES OF RADIATION

This paper describes the results of Radiation from a cylinder can in

many studies, both theoretical and practice originate only from those

experimental, which have been radioactive species in the UF6
carried out by Urenco over the last which yield a high energy gamma

15 years into radiation dose rates radiation, since alpha and beta
from uranium hexafluoride (UF 6) radiation would be fully absorbed

cylinders. The contents of the by the cylinder wall, and low
cylinder, its history, and the energy gamma would be mainly

geometry all affect the radiation absorbed. For natural uranium and
dose rate. These factors are all low enriched product and depleted

examined in detail. Actual and tails made therefrom, the main

predicted dose rates are compared radiation source is Protactinium

with levels permitted by IAEA 234 (Pa234) which is the daughter

transport regulations, of Thorium 234 (Th234), itself the
daughter product of U238. Uranium

235 is itself a gamma emitter (186

NOM_qCLATURE keV), and this will give a small
contribution to the radiation dose

d density of steel rate from a full cylinder.

k decay constant = 0.6932/half life Radiation from U235 daughters is

m mass absorption coefficient insignificant, as it is easily

R radiation dose rate absorbed by the cylinder wall.
t time

w thickness of cylinder wall Recycled uranium also contains

U232, and substantial radiation
emanates from one of its daughters,

INTRODUCTION Thallium 208 (T1208). Of the

fission products present in

Many studles, both theoretical and recycled Uranium, Ruthenium 106

experimental, have been carried out decays to Rhodium 106, which is a

by Urenco over the last 15 years gamma emitter. Quantitatively

into radiation dose rates from UF 6 however, this contributes little to
cylinders. This subject is the radiation dose from a UF6

increasingly of importance because cylinder, even at the ASTM

of greater emphasis world-wide on specification level for fission

controlling people's exposure to products.
radiation and because Urenco will

shortly be enriching recycled

uranium in substantial quantities,

with associated higher radiation
fields.
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Table i. Sources of Radiation

Units U232 U235 U238

Daughter Th228 Th 231 Th 234

Half Life Days 698 1.07 24.1

Decay Constant (days)-I 0.000993 0.650 0. 029

Decay Constant (yr) -I 0.362 237 i0.5
Main Radiation Source T1 208 Th 231 Pa 234

Main Photon Energy MeV 2.6 0.08 I.0

Mass Absorption Coefficient cm2/g 0.04 0.48 0.06

FACTORS AFFECTING DOSE RATES "heel" without any self-shleldlng.

The radiation dose increases by a

The factors affecting radiation factor of about 12 for a freshly
dose rates from UF 6 cylinders are emptied 48" cylinder, and a factor

listed in Table 2 and described in of about 6 for a 30" cylinder. The

turn in the paper, dose rate increases steadily during

the emptying process, as shown in
Table 2. Figure i.

Factors Affecting Dose Rates

i ! , , I ' ' ' '

Content: Full or Emptied
U232 concentration Io

History: Storage time before

emptying
Storage time after _ s /-

emptying

Speed of emptying _ 4 v sos

Geometry: Cylinder size
Cylinder wall

thickness

Location on cylinder m

Distance from cylinder

1 , I , , , ,
FULL/EMPTIED CYLINDERS FULL EMPTY

Figure 1. Increase in Radiation
Full UF6 cylinders have a low dose

Level on Emptyingrate because the uranium is

self-shleldlng, and it largely
absorbs the radiation from the On filling a freshly - emptied

daughter products in the UF 6. cylinder with UF6, the radiation
However, when the cylinder is dose rate only reduces by a factor

of up to 2. The daughter products
emptied by gassing off the UF6, the

in the heels clearly remain mainlynon-volatile daughter products
on the inside wall of the cylinder

remain behind in the remaining and there is little self-shielding.
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U232 CON_ uranium daughter products and the
radiation from the cylinder is very

Ali recycled uranium contains U232 low. The daughter products grow in

along with consequent daughter with a time constant of the

products. For spent LWR fuel, the half-life of the thorium daughter,

typical U232 content Is currently i as given in Table I. The radiation

ng/gU (le i part per billion, or dose rate after storage for time t

ppb). The oxide recycled uranium is given by formula I and is shown

used by Urenco to date has had U232 in Figure 2.
contents In the range 0.6 to 1.3

ppb. However, as fuel burn-ups Rt ffiR (i - e-kt) (i)
increase then so will the U232

content of spent fuel, although the 99

eao ois expected only for very high =

burn-up fuel (greater than
50 GWd/tU) which is not expected to

be reprocessed until well after the _9s_

2000. ,0
greatly increased U232 content,

typically bY a fact°r °f 5 t° i0 ; I/
for LWR reload fuel with product

Thus the U232 content of enriched 5o u232DAUGHTERS

recycled UF6 Is currently 5 to I0 L _
ppb and could approach the ASTM 00 I 2 3
specification limit of 50 ppb in STORAGE TIME, YEARS
time.

In the UK, the Magnox reactors Figure 2. Grow-in of uranium

(natural uranium fuel, graphite daughters

moderated, CO2 gas cooled) operate
with much lower fuel burn-up - 3 to Because the daughter products of

6 GWd/tU. The resulting U238 grow in with a 24 day time

reprocessed spent fuel (Magnox constant, the equilibrium dose rate

Depleted Uranium, or MDU) has a from natural UF6 is reached within

correspondingly low U232 content, a few months. For example, the

with an average of 0.06 ppb and a dose rate from cylinders of 3

maximum of 0.15 ppb for current MDU months' old natural UF 6 is 93% of

production. On enrichment, the the equilibrium dose rate from

U232 content increases by a factor cylinders of fully aged UF 6.

of about 20, therefore enriched MDU Natural UF6 feed will normally be

has a U232 content of i to 3 ppb. stored for 6 to 12 months before
feeding to enrichment plants, and
thus the UF6 will usually be

STORAGE TIME BEFORE EMPTYING fully-aged.

When a cylinder is inltially filled However, U232 daughters grow in

with UF6, it contains very few much more slowly (with a 1.9 year
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time constant) and for example are low cost way of reducing personnel
only 30% of equilibrium value after radiation exposure. For example,

one year of storage. This is after 80 days' storage, the
critically important as lt means radiation dose is reduced by a

that if cylinders of recycled factor of i0.

uranium are used promptly,

radiation dose rates are much However, the long half-llfe of U232

reduced, daughters means that several years'

storage would be needed to reduce

dose rates from emptied cylinders

STORAGE TIME AFTER EMPTYING of recycled uranium. This is not

likely to be a practical option,

After a cylinder of UF6 is emptied other than when an emptied feed
by gasslng-out the contents, the cylinder is re-fllled wlth tails

uranium daughter products stop depleted UF6, which would then
being produced (as their parents, normally be stored for many years.

the uranium isotopes have been

removed) and decay with the half
lives shown in Table I. The SPEED OF EMPTYING
radiation dose at time t after

emptying is given by formula 2 and The U238 daughter products decay

is shown in Figure 3. whilst a cylinder is being emptied,
and there will therefore be less

Rt = Ro e-kt (2) remaining behind in a cylinder

which Is emptied slowly° The

radiation dose rate of a freshly

Ioo[..... , _ emptied cylinder reduces wlth
emptying time t as given by formula

corresponding feed rate for a 48Y
m cylinder is also shown.
$

i Rt = Ro (i - e-kt ) (3)
0 FEED RATEkgU%/hr

5 200 100 50 30 20 15 12
, , , , , ,

1

lOO

STORAGE TIME, YEARS iFigure 3. Decay of uranium daughters

50 , ..... j

Storing an emptied ex-natural UF 6 0 10 20 30 40 50
cylinder for a few months before TIMETOEMPTYCYLINDER,DAYS
re-uslng or transporting it wlll

dramatically reduce the radiation Figure 4. Radiation from

dose from It, and this is a fairly freshly emptied cylinder
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Usually UF6 cylinders are emptied formula 4 and shown in Figure 5.

in under 15 days. The decay of The comparative surface dose rates
U238 daughters during this period measured on different types of

is small. The decay of U232 cylinders are in good agreement
daughters during this period is with this model.
even smaller.

Rw = Ro e-mdw (4)
The spatial distribution of

daughter products within the

cylinder is affected by the speed Ioo .... t _ • ..... t
_ U232 DAUGHTERS:

of emptying, as explained later. 50 _ U238 DA_;

CYLINDER SIZE

As described earlier, the larger

O TERS •

the cylinder is, the greater its _ low

ratio of volume to surface area, A

and hence the larger the s
concentration per unit surface area

of daughter products in an emptied

cylinder. The ratio of volume to

surface area for a 48Y or G BN_ 0_6 _G'_OB 48Y
cylinder is twice that of a 30A or , , , , , _i @ ,_...... 4 .

B. A larger cylinder will also o s lO 15
present a larger source of TH_KHES_ MM
radiation and hence at any given

distance away from it, the Figure 5. Transmission

radiation dose rate will be higher through cylinder wall
than from a smaller cylinder, as
described later. Radiation dose

rates will therefore be higher for LOCATION ON CYLINDER

larger cylinders, although the

radiation dose rate per tU will be The radiation dose rate from a full

lower, cylinder is fairly even over the

whole surface, reflecting the

uniform distribution of daughter

CYLINDER WALL THICKNESS products. However, when emptied,

the heels and daughter products

Bulk UF 6 cylinders are made of tend to lie along the base of the

steel of between 1/4" and 5/8" cylinder and hence the radiation

thickness. The low-energy gamma dose is higher there. This effect

radiation (less than I00 keV is much greater when the cylinder

photons) from Thorium 234 and is emptied by evaporation of liquid

Thorium 231 is almost fully rather than solid UF6 because the
attenuated, and can be ignored, daughter products tend to dissolve

However, the high energy gamma in liquid UF 6 and remain behind in
photons from Pa234 and T1208 are a narrow strip along the bottom of

attenuated much less. The the cylinder when the UF 6 has all

transmission through the cylinder evaporated. The effect is greater
wall of thickness w is given by at higher feed rates as there is
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Less time for the daughter products
':o migrate to the cylinder wall, by

alffusion or convection. Figure 6 lOO .........

shc_s typical readings at the

cylinder base for freshly emptied ,,,50

48Y cylinders of natural UF 6.

3000 .... , .... , .... , ,

i

2000 10i'

/ .,oo,ou,ul

FROM a.

SOUD.Fs . , ,
;=; 0 1 2 3 4 5 6" 7 8 9
,(
" DISTANCE, METRE

1000 .... I0 ' , , , , , , , , , , ,5 100 150

FEEDRATEkgUF61hr Figure 7. Radiation Decline
wfth Distance

Figure 6. Radiation Dose at
Cylinder Base

HFASUREL DOSE BATES

DISTANCE FROM THE CYLINDER The average measured surface dose

rates at the centre, slde of full

The dose rate at a given point wlll and freshly emptied cylinders of

be proportional to the fractional fully aged natural origin UF 6 are
solid angle subtended by the given In Table 3. Individual

cylinder. For distances (d) less cylinders have dose rates that lle
than the cylinder dlameter, the within -30% to +50% of these

dose rate wlll vary as l/d, and at average values.
large distances, the dose rate wlll

vary as i/d2. Thls theory Is well Table 3. Surface Dose Rates, uSv/hr

borne out by measurements. The dose
rate wlll decline wlth distance

more quickly for a 30" than for a Full Freshly

48" cylinder, and more quickly If Emptied

the cylinder is viewed end-on than
30B 17 I00

slde-on. Figure 7 shows how
48Y 15 170

rapidly the dose rate declines wlth
48G 22 260*

distance from the side of a 48Y

cylinder. BNFL 0236 27 350
* Estimate

Cylinders of recycled uranium have
an additional radiation level

equivalent to 120% of the values In

Table 3 for I year aged UF6 wlth a



Cylinders: Storage and Maintenance 143

U232 content of lppb. For example, - A complex set of "Transport
a freshly emptied 48Y cylinder Index" limits might piace

having contained i year aged UF 6 restrictions on the number of
with U232 at 1.3 ppb has a surface cylinders that can be carried in
dose rate of 435 uSv/hr (- 170 (i + (or on) a single vehicle, freight

1.2 x 1.3)). container, or ship.

- IAEA transport regulatory limits

TRANSPORT REGULATIONS are to be reviewed (2) following
the recent reduction (by a factor

The radiation limits in the IAEA of 2.5) in ICRP recommended

transport regulations are very personnel exposure. The

complex, and for any given type of implications of any changes will

shipment, the regulations (i) will need to be assessed.
need to be examined. The main

limits likely to apply to shipment

of UF 6 cylinders are given in Table ACTUAL AND PREDICTED DOSE RATES IN
4. TRANSPORT

Table 4. Radiation Limits, uSv/hr Radiation dose rates incurred in
transport will depend on the nature
of the packages shipped (cylinder

types, whether in overpacks,
Exclusive Use cylinder contents and history) and

Location the geometry of the vehicle/freight
Yes No container (eg size of vehicle, and

positioning of packages). As one

Surface of package I0000 2000 example, for a 48Y feed cylinder

Vehicle outer 2000 2000 shipped by road on a standard 8

surface foot wide lorry, expected radiation

lm from package I000 i00 dose rates are given in Table 5.
2m from vehicle I00 i00

In driver's cab 20 20 Table 5. Calculated Dose Rates

Please note the following: Position Dist. from Relative

Cylinder Dose Rate
- The drivers cab dose rate limit m %

does not apply if the driver is a

classified worker and thus uses a Surface of 48Y 0.0 I00

film badge (in which case his Side of Vehicle 0.6 40

total radiation exposure is lm from Cylinder 1.0 25
controlled under other 2m from Vehicle 2.6 7

regulations). In driver's Cab 2 - 8 0.5 - i0

- An example of an "exclusive use" Actual measurements bear out the

shipment would be where an UF6 above relationship. An analysis of

cylinder is shipped door-to-door shipments of emptied 48Y natural

in an ISO freight container. UF6 feed cylinders leaving
Cylinders shipped on open Capenhurst in 1989 and 1990 showed

trailers would not count as an average dose rate at the

exclusive use. cylinder surface of 20 uSv/hr and
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an average cab dose rate of 0.6 radiation dose rate in the
uSv/hr - ie 3% of the surface dose driver's cab.

rate. For emptied cylinders of

oxide recycled Uranium, radiation - When people work close to a

dose rates can be much greater, as cylinder, carry out such

explained earlier. For example, operations speedily.

two emptied 48Y cylinders of oxide

recycled feed shipped from
Capenhurst in 1986 had average dose CONCLUSIONS

rates of 200 uSv/hr at the cylinder

surface, 70 uSv/hr at the sides of I. Radiation dose rates from
the vehicle and I i uSv/hr in the UF6 cylinders depend on their

driver's cab. Comparing Tables 4 contents, geometry and history.
and 5 indicates thac the critical

2. For natural uranium, dose rates
radiation limits are likely to be:

are normally well within IAEA

- for non-exclusive use: transport regulation limits.

i00 uSv/hr at lm from cylinder.
3. For oxide recycled uranium, doseThis limit can be exceeded even

for freshly emptied natural feed rates can be much greater, and

- at the cylinder base. IAEA transport regulations may
piace restrictions on the use of

- fez exclusive use: cylinders.

i00 uSv/hr at 2m from vehicle.

This limit may be exceeded for

long stored recycled uranium with ACKNOWLEDGEMENTS
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ABSTRACT
BACKGROUND

Empty UF6 cylinders containing heel material
were found to emit radiation levels in excess of The radiation emitted from empty UF6 cylinders
200 mR/ht, the maximum amount stated in results from Th-234 and Pa-234m, the first two

ORO-651. The radiation levels were as high as daughter products in the U-238 decay chain. The
335 mR/ht for thick wall (48X and 48Y) half-lives and equilibrium concentration for

cylinders and 1050 mR/hr for thin wall (48G and Th-234 and Pa-234m are listed in Table 1.
48H) cylinders. The high readings were found
only on the bottom of the cylinders. These Table 1. Properties of
radiation levels exceeded the maximum levels Th-234 and Pa-234m

established in DOT 49 CFR, Part 173.441 for

shipment of cylinders. Holding periods of four Th-234 Pa-234m
weeks for thick-wall cylinders and ten weeks for
thin-wall cylinders were established to allow the Half-Life 24.1 days 68 seconds
radiation levels to decay prior to shipment.

Equil.
Conc. (ppb) 0.0145 4.9E-7

INTRODUCTION

After a cylinder has been filled with UF_, the
This paper details a study conducted at the daughter products begin to form at a rate

Paducah Gaseous Diffusion Plant (PGDP) on the governed by their half-lives until they have
radiation levels emitted from empty UF6 cylinders reached their equilibrium concentrations. The

containing heel material. This issue is addressed daughter products are present in the form of non-
in ORO-651, "Uranium Hexafluoride: Handling volatile fluoride compounds. When the cylinder
Procedures and Descriptions," where it is stated is liquified prior to being emptied, the daughter
that radiation levels up to 200 mR/br may be products accumulate on the bottom and remain in
experienced on the exterior surface of the the cylinder heel with little uranium to provide
cylinder. Data collected at PGDP show that the shielding. The radiation emitted from the
radiation levels often exceed 200 mR/hr after a cylinder heel will decrease relative to the half-life
cylinder is emptied. Valves have been observed of Th-234.
as high as 1050 mR/hr for 48G cylinders and 335
mR/ht for 48X cylinders. The 200 mR/hi"

surface radiation valve is important because it is CONCLUSIONS
the maximum allowable value for shipment on

open-bed trailers as stated in Department of The purpose of the study performed at PGDP was
Transportation (DOT) Regulation 49 CFR, Part to determine the time necessary for the radiation
173. levels to decay below 200 mR/ht so they would

145
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meet the requirements of DOT 49 CFR, Part 173 SUMMARY
shipment. In this study, ten 48X and five 48G
cylinders were emptied and the radiation levels Radiation emitted from heel material contained in
monitored until they decayed below 200 mR/hr, empty UF6 cylinders has been found to exceed

The radiation levels immediately after feeding 200 mR/ht on the bottom exterior surface of the
ranged from 335 to 195 mR/ht for the 48X cylinder. Holding times of four weeks for thick-
cylinders and 735 to 421 mR/hr for th 48G wall cylinders and ten weeks for thin-wall

cylinders. It should be emphasized that these cylinders have been established at PGDP to allow
surface radiation levels are _ on the bottom of the radiation levels to decay below 200 mR/hr.
the cylinders. Readings collected on the tops, This is necessary to meet shipping requirements
sides, heads, and ends of cylinders are as stated in DOT 49 CFR, Part 173.
consistently below 20 mR/hr. Based on data
collected from this study, a holding period of four

weeks was established for thick-wall cylinders REFERENCES
and ten weeks for thin-wall cylinders to allow for

radiation levels to decay below 200 mR/hr. Since 1. Benedict, M., Pigford, T. H., and Levi,

the holding periods have been established, H.W., Nuclear Chemical Engineering,
approximately 98 percent of the cylinders have Second Edition, McGraw Hill, New
been below 200 mR/hr upon their receipt in the York, p. 218, 1981
shipping area.

"The submitted manuscript kas _'en authored by a contractor
of the U.S. Government under Contract No. DE-AC05-
76OR00001. Accordingly, the U.S. Government retains a
nonexclusive, royalty-freelicense to publish or reproduce the
publisaed form of this contribution, or allow others to do so,
for U.S. Government purposes."
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THE _ STATUS OF UFs-_BR TESTING AND LICENSING
IN CERNANY (AND El/ROPE)

K. E. Wieser *) and A. Tietze **)

") Federal Institute for Material Research and Testing (BAM),

Berlin, Germany

"*) Bergische Universit_t - Gesamthochschule Wuppertal, Germany

ABSTRACT

New german and european transport /I/ with respect to the "subsi-

regulations for road and rail diary" chemical risks. (The pro-

transport of UF6--cylinders are pre- posal was part of the 3rd Draft
sented, in particular those prowl- Revision of the 1984 rev. Edition,

sions which have direct impact on distributed in may 1983).

the majority of cylinders used in Though too late for the last revi-

shipments touching ADR and RID mem- sion process, it was the starter

ber states. First experiences and for continued efforts of the IAEA
difficulties in it's application to complete it's world-wide harmo-

are highlighted taking into account nized and accepted transport regu-

experiences of a forrunning german lations. Levin and Wieser reported

regulation. A summary of research on these efforts during the last

efforts on the behaviour of cylin- conference /2/. Meanwhile the sche-
ders in fire environments concludes dule of the Agency for the esta-

the paper, blishment of a "regulatory" docu-

ment has repeatedly been delayed.

The last meeting of the superiour

INTRODUCTION advising committee SAGSTRAM in
December 1990 recommended, "con-

In the Federal Republic of Germany, trary to earlier recommendations,

even prior to the "Mont Louis" the publication of the document

event in 1984, it was recognized, again as a TECDOC, representing a

that the design, inspection and statement of the work done in this

testing of UF6-cylinders for trans- area. SAGSTRAM considered that the

port purposes was characterized by prevailing uncertainties, in parti-
a considerable technical standard, cular those concerning the release

oriented in the handling and oper- criteria during the projected fire

tion on one hand but by some tech- test, preclude publication as a Sa-

nical and legal deficiencies with fety Guide, and that a Co-ordinated

respect to transportation on the Research Programme under the auspi-

other _and. This was the reason to ces of the Agency should provide

apply to the International Atomic the necessary input to resolve the

Energy Agency (IAEA) already in may remaining problems. Since the in-

1982 to amend it's transport regu- tention to incorporate the provi-

lations (IAEA-Safety Series No. 6) ions on UF6 in the next major re-

149
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vision (1996) of the IAEA Regula- a minor effect on the users and

tions and the supporting documents shippers of UF6-cylinders.
still stands, the text in this do-

cument has been split into regula- NEW REGULATIONS

tory, advisory and explanatory ma-

terial. Any additional information The amended ADR and RID regulations

arising from experience gained in came into force January isr, 1990.

the use of this TECDOC should then The provisions on the packaging and

be taken into account." transport of Uranium hexafluoride

are part of the section on "Radio-

This lengthy procedure to establish active Materials Having Other Ha-

worldwide accepted recommendations zardous Properties", to make clear,

on that topic (it took two Techni- that these are to be complied with

cal Committee Meetings, three Con- in addition to the provisions,

sultant Service Meetings and three written under radiological and cri-

rounds of comments by Member Sta- ticality safety aspects (in accor-

tes, so far, was not to be expected dance with IAEA Safety Series No.
in the beginning of the process. 6). The provisions are annexed,

This is why it seemed justified to using text and structuring of the
prepare -in parallel - regulations ADR.

on the european level. Last but not

least, it was the "Mont Louis" EXPLANATIONS

event which fostered this proce-

dure. As to be seen, the character of the

text is of regulatory nature, sum-

A joint working group of the rule marizing general requirements on

setting bodies for road and rail the desigL, fabrication and testing
transport in Europe, charged with in general terms and performance

the adoption of the 1985 revised oriented. The majority of provisi-

edition of IAEA Safety Series No. 6 ons is in line with the existing

into the "ADR" and "RID", the con- technical standard and the american

ventions for international ship- standards ANSI NI4.1 and 0R0-651,

ments of dangerous goods in E_rope such as service and test pressure_,,

/3, 4/, prepared also provisions to service temperature range, estab-
cover the "subsidiary" chemical lishment of volume, maximum fill,

hazard of UF 6. These provisions inservice and reinspection pro-
were taking into account the status gram).

of recommendations as developped by

the IAEA at that time. The comple- However, there are some paragraphs,

tion of the IAEA-deliberations was where the need for some explana-
not awaited - this is why the ADR/- tions is apparent:

RID regulations are now not in line

with all detail of the latest IAEA- a) Provisions opening the door for

-TECDOC 608 /4/ and probably any new technical solutions:
further IAEA-recommendation on that

issue. - Generally spoken, the nature of

After the approval of these ADR/RID the provisions now allows new

provisions by the boards, the na- cylinder designs, new materials

tional transport regulations of the and constructions, no longer
Federal Republic of Germany for bound to the rigid US-Standards.

road and rail transport of dange- (However, it's well understood,

rous goods were amended accordingly that any new design must be ac-

in December 1987. ceptable to the plants and its

In view of the very limited dome- competent authorities). The key

stic shipments ot UF 6 this had only design figures are set forth
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such as to garantee the same of all cylinders, with the ex-
safety level, emption of those for less than

10 kg of UF6. Because of the
- Leackage test fact, that the compliance of ex-

This test is opecified by sen- isting ANSI/ORO-cylinders with
sitivity rate (0.1 Pa-l-s-l), the ADR/RID provisions has not
which now allows the replacement yet been demomonstrated in all
of the "air test" by other leak- points, this will need, at
age test methods, working safer least, some administrative ef-
and faster, forts.

- The option to replace the hy- c) Provisions, additional to the
draulic test as part of the status of the US-standards with
reinspection test program by the implication of technical
"any other equivalent non-de- improvements:
structive examination procedure"
also brings in more flexibility, - For cylinders with a capacity of
taking into accont the state of more than 450 1 (i.e. 30' and
the art in pressure vessel re- 48'-cyi.) leakproofness is re-
inspections, quired after the performance of

the Type A-drop test in the most
b) Provisions, additional to the damaging impact orientation.

status of the US-standards, but This requirement will, in view
keeping the actual technical of available test results foster
standard: the development of new valve

protectors, exept in case, where
- Shipment after storage times outer protective packagings are

longer that five years, now does used from other reasons.
presuppose an examination with a
program approved by the compe- - Fire resistance capability is
tent authority, not required. Nith reference to
To the estimate of the german th---e ADR/RID safety standard for
competent authority, this pro- receptacles with a comparable
gram shall include not only a potential risk and the test
"visual inspection for degrada- criteria still pending, no fire
tion of the cylinder wall "but, resistance requirement was in-
essentially and on a random ba- cluded.
sis, the same elements as for
the regular five years reinspec- d) Grandfatherclause
tion program. This seems justi-
fied in the interest of public Standard UFs-cylinders according
safety during shipment, the con- to ANSI NI4.1 - 1982 (not 1987!)
cealing effects of repaints for or aquivalent, may be continued
visual inspections and,in parti- to be used by the agreement of
cullar, the ever more increasing the competent authority. By re-
storage times (the paper by R. ference to the specific isstAeof
Christ also adresses this sub- the standard, 48 G-cylinder_ are
ject), not subject to this clause!

- Approval by the competent autho- EXPERIENCES
rity is also required for the

inservice and reinspection test From the view point of the compe-
programms, alternative, mainte- tent authority the following expe-
nance and repair programs but, riences and conclusions could be
above all, for the design obtained:
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- The flexibility of the new pro- of UF6 in ali its phases in the
visions is wellcomed by the con- vessel, Fig.l,
cernded industry, in general. 3.) on thermal and material data

given in Table 1 and Table 2,
- There is no urgent need for new 4.) the application of the program-

designs of cylinders and struc- me-system THEL /6/.
rural equipments so far and as
long the grandfatherclause is
applied.

- In particullar, the possibility Fig. l: Rotationally symmetric-
to apply alternative test me- al UF. distribution and 5 lay-
thods and procedures for rein- ers (_rid) of the liquid and
spections is used. solid phase

- International agreement is ne- _____.'_

cessary in those cases, where
consent of the competent autho- ____g___9__ __ - __ . _-_

rity is required. ......_._._i..i_......'...............-_--

-- The grandfatherclause need to be _ I _ _

time - limitted in order to put u _ _- , _ _ 4I"............_ layer5

the new provisions really into _oI __x+_.,+_,i:_i,__'<_'_"_'_'_"'_"........L_.._.._.:,._..._,..._,..._,.'.'_'.'._.'.,.:.'_:+_,_......_
func t ion. ' _:':_':_':':";'_:_"_"_"_ _ _ " "

- The new provisions will have to _ _ x_
take into account the progress
made with the IAEA.

RELATED RESEARCH EFFORTS Table I: Thermal data of UF 6

In context with the increased in-

terest of the regulaters for the specific heat, -I -i
safety in shipment and storage of solid 475 kJ • kg K

UF6 some research studies are to be specific heat, -I -I
seen. liquid 542 kJ • kg K

specific heat, -I -I
At Bergische Universit_t Wuppertal gaseous 429 kJ • kg K

calculations have been performed, transformation -I
sponsored by the Federal Ministry energy 54,15 kJ • kg
for Environment, Nature Protection (solid-liquid)

and Reactor Safety, on the behavio- transformation -I
ur of UF_-cylinders, filled with energy 53,39 kJ • kg
the maximum amount of UF_, under (liquid-ga_' ,_s)
fire exposure conditions correspon- heat radiation
ding to IAEA-requirements for type coefficient,
B-packages, using the design cha- fire 0,9
racteristics of the 48Y-cylinder. heat radiation

coefficient,
The calculations have been based steel 0,8
on:

I.) Fouriers's equation on in-
stationary thermal state,
2.) a rotationally symmetrical di-
Str_hllt_nn
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Table 2: Thermal conductivity RBI__S

and mass density for steel and

UF phases /I/ International Atomic Energy
6 Agency, "Regulations on the

Safe Transport of Radioacitve

Materials", IAEA-Safety Series
No. 6, 1985 Edisiton, Vienna,

W • m-I K-I kg • m3 Austria, 1985

/2/ Levin, I. and Wieser, K., "The

steel 62 7,850 IAEA Recomendations for Provi-

ding Protection During the

UF6, gas 0,001 II Transport of Uranium Hexafluo-
ride" Proc. of Conf. "Uranium

UF6, solid 4 5,000 hexafluoride - Safe Handling,
Processing and Transporting,

UF 6, liquid 366 3,600 Oak Ridge, TN, USA, p. 187 ff,
May 1988.

/3/ United Nations, Economic Com-

mission for Europe, "European

agreement concerning the in-

ternational carriage of dange-

rous goods by road (ADR) and

protocol of signature", Annex

A, as amended, NY, USA, 1990

Results being obtained from this

first approach are: i.) The tempe- /4/ Office Central De Transport

rature of the wall comes up to 200 Internationaux Par Chemin De

°C about 5 minutes fire exposure. Fer, "R_glement concernant le

2.) The UF 6 was not melted comple- transport international fer-
tely within the time of exposure roviaires des marchandises

(30 minutes), because the tempera- dangereuses" (RID), Attachment

ture of the inner layer (layer 5, i, as amended, Bern, Switzer-

Fig. I) raised only slightly by land, 1990
about 5 °C.

/5/ International Atomic Energy

It can be concluded: The 48 Y-ves- Agency, "Interim guidance on

sel will presumably fail after ab- the safe transort of uranium

out 5 minutes after fire exposure luxaf!uoride",

because of the melting point of the IAEA-TECDOC-608, Vienna,

tin-lead solder in the valve area Austria, June 1991
is about 200 °C.

/6/ Lipa, P.; Ortmann, L.; Sprack,

The vessel will leak considerably. P.; Weber, F.:

Bursting of the vessel can be en- THEL. User's Guide,

cluded within the time of exposure IngenieurbOro Peter Lipa,

to fire over a period of 30 minutes Castrop-Rauxel, Germany, 1988
at least.

Continuation of these efforts in

cooperation with other ingaged
institutions on that issue is our
intention.
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Annex their structural

equipment (if this is

RADIOACTIVE MATERIAL HAVING OTHER permanently attached

HAZARDOUS PROPERTIES to the packaging)
shall be so designed

3770 ... as to withstand an

external gauge pres-

(4) Packagings for urani- sure of 150 kPa (1.5

um hexafluoride shall bar) without per-
be designed, con- manent deformation.
structed and used in

accordance with the (d) The packagings and

provisions of margi- their service equip-
nal 3771. ment shall be so de-

signed as to remain

leakproof so that the

Provisions for the packaging and limit specified in

transport of uranium paragraph (4) (f) is
hexafluoride observed.

(e) Pressure relief val-

ves are not permitted
3771 (I) Packagings for ura- and the number of

nium hexafluoride openings shall be as

shall be designed as few as possible.
pressure vessels and

manufactured from an (f) Packagings with a

appropriate carbon capacity of more than
steel or other appro- 450 1 and their ser-

priate alloy steel, vice and structural

equipment (if this is

(2) (a) The packagings and permanently attached

their service equip- to the packaging)

ment shall be desig- shall be so designed
ned for working tem- that they remain

peratures of at least leakproof when they
-40 °C up to 121 °C are subjected to the

and for a working drop test specified
pressure of 1.4 MPa in marginal 3742.
(14 bar).

(3) After manufacture,
(b) The packagings and the inside of the

their service and pressure bearing
structural equipment parts shall be

shall be so designed throughly cleaned of

as to prevent any grease, oil, scale,
leakage or permanent slag and other for-

deformation when they eign matter by an

are subjected for appropriate proce-
five minutes to a dure.

hydraulic test pres-

sure of 2.8 MPa (28 (4) (a) Every manufactured

bar). packaging and its
service and structu-

(c) The packagings and ral equipment shall,
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either jointly or se- ce with the design
parately, undergo an type specifications
inspection initially and the manufacturing

before being put into programme.

service and periodi-

cally thereafter. (e) The strength test

These inspections before first being

shall be performed put into service

and certified by shall be conducted by

agreement with the means of a hydraulic

competent authority, test with an internal

pressure of 2.8 MPa

(b) The initial inspec- (28 bar). For the

tion shall consist of periodic inspections,
a check of the design any other equivalent

characteristics, the non-destructive exa-

strength test, the mination procedure

leakproofness test, recognized by the

the water capacity competent authority

test and a check of may be applied.

satisfactory operati-

on of the service (f) The leakproofness

equipment, test shall be perfor-
med in accordance

(c) The periodic inspec- with a procedure

tions shall consist which is capable of

of a visual inspec- indicating leakages

tion, the strength in the containment

test, the leak pro- system with a sensi-

ofness test and a tivty of 0.I Pa.i/s

check of satisfactory (10-6 bar-l/s).

operation of the

service equipment. (g) The water capacity of

The interval for the packagings shall

periodic inspections be established with

shall be not more an accuracy of +0.25Z

than five years, at a reference tempe-

Packagings which have rature of 15 °C. The

not been inspected volume shall be sta-

within this five-year ted on the plate des-

period shall be exa- cribed in paragraph

mined before trans- (6).

port in accordance

with a programme ap- (5) With the exception of
proved by the compe- packagings for less

tent authority. They than I0 kg of uranium

shall not be refilled hexafluoride, the

before completion of competent authority

the full programme of the country of

for periodic inspec- origin shall, for

tions, every design type
uranium hexafluoride

(d) The check of design package, confirm that

characteristics shall it complies with the

demonstrate complian- provisions of this
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marginal and issue an solid form when

approval. This appro- transported.

val may be part of

the approval for a (b) The degree of filling

Type B package and/or shall only be such

for a package with that the capacity is
fissile contents in not more than 95

accordance with Sec- filled at 121 °C.

lion IV of this Ap-

pendix. 3771 (c) The cleaning of pak-
(eontd) kagings shall be per-

(6) A plate made of formed only by a

non-corroding metal suitable procedure.

shall be durably

attached to every (d) The execution of

packaging in a readi- repairs is permissi-

ly accessible piace, ble only in accordan-
The method of alia- ce with design and

ehing the plate must manufacturing pro-

not impair the grammes laid down in

strength of the pak- writing. Repair pro-

kaging. The following grammes require the

particulars, at prior approval of the
least, shall be mar- competent authority.

ked on the plate by

stamping or by an (e) Uncleaned empty

other equivalent packagings shall be
method: as tightly closed,

during transport and

- approval number; intermediate storage,
- manufacturer's serial as when full.

number;

- maximum working pres- (f) For maintenance, a

sure (gauge pressure) programme approved by
1.4 MPa (14 bar); the copetent authori-

- test pressure (gauge ty shall be operated.

pressure) 2.8 MPa (29
bar); (8) Packagings construe-

- contents: uranium ted in accordance

hexafluoride; with the united

- capacitys in litres; States Standard ANSI
- maximum permissible N 14.1 - 1982 12/ or

filling mass of ura- equivalent, may be

nium hexafluoride; used, with the con-

- tare mass; sent of the competent

- date (month, year) of authority concerned,
the initial test and

the most recent pe- 12/ ANSI N 14.1 -

riodic test; 1982 published in

- stamp of the expert 1982 and obtainable

who performed the from the American
test. National Standards

Institute, 10430

(7) (a) The uranium hexaflu- Broadway, New York,
oride must be in Ny 10018.
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if the tests speci-
fied in these stan-

dards have been per-
formed by the expert
named therein and

continue to be per-
formed and certified
in agreement with the
competent authority
in accordance with
paragraph (4) c).



FIRE TESTING OF BARE URANIUM
HEXAFLUORIDE CYLINDERS

William A. Pryor
(Subcontract with Uranium Enrichment Organization)+

PAI Corporation
Oak Ridge, Tennessee, USA

ABSTRACT tion (DOT), adopted parts of the 1961
International Atomic Energy Agency (IAEA)

In 1965, the Oak Ridge Gaseous Diffusion Plant Regulations for the Safe Transport of
(ORGDP), now the K-25 Site, conducted a series Radioactive Materials. The effective date of the
of tests in which bare cylinders of uranium rules was July 1, 1968. The concept of what
hexafluoride (UF6) were exposed to engulfing oil are now Type B packages, which were required
fires for the U.S. Atomic Energy Commission to meet the condition of the hypothetical
(AEC), now the U.S. Department of Energy accident (see Appendix), was introduced. Fissile
(DOE)? The tests are described and the results, material which includes UFi enriched to greater
conclusions, and observations are presented. Two than 1% U-235 would require Type B
each of the following types of cylinders were packaging. In 1964, the ORGDP initiated a
tested: 3.5-in.-diam × 7.5-in.-long cylinders of test program to develop a family of UFI
Monel (Harshaw), 5.0-in.-diam × 30-in.-long packages which could qualify as Type B
cylinders of Monel, and 8-in.-diam x 48-in.-long packages. Earlier tests with bare cylinders
cylinders of nickel. The cylinders were filled involved drops from heights of 30 ft (9 m) onto
approximately to the standard UF_ fill limits of 5, an "unyielding surface," drops from 40 in. (1 m)
55, and 250 lb, respectively, with a U-235 content onto a piston, and hydrostatic tests to failure _
of 0.22%. The 5-in.- and 8-in.-diam cylinders ambient temperatures, z The fire tests were
were tested individually with and without their conducted to determine the mode of cylinder
metal valve covers. For the 3.5-in.-diam Harshaw failure, time available for fire fighting, and the
cylinders and the 5.0-in.-diam cylinder without a contamination from this type of UF6 release.
valve cover, the valves failed and UF_ was Results indicate that the UF 6 can be released
released. The remaining cylinders ruptured both with and without an explosion. It appears
explosively in time intervals ranging from about due to the limited time available before the
8.5 to 11 min. explosion occurs when a bare cylinder is

engulfed in an oil fire, fire fighting is not
INTRODUCTION feasible. On the other hand, if the cylinder is

no....ttso engulfed, fire fighting could be initiated.
The AEC's Operating Arm, now the U.S. While some contamination, both airborne and
Department of Energy, and Regulatory Arm, now surface, was detected after the tests, the bulk of
the U.S. Nuclear Regulatory Commission (NRC), uranium was widely disseminated and was not
and the U.S. Interstate Commerce Commission readily detectable.
(ICC), now the U.S. Department of Transporta-

TEST FACILITY

submittedmanuscript has been authored byacontrnctor The tests were conducted at a site which is
of the U.S. Government under Contract No. DE-AC05- located within the DOE reservation in Oak
76OR00001. Accordingly, the U.S. Government retains •
none_l_ive, royalty-free license to publishor reproduce the Ridge, Tennessee. Equipment included the

published form of this contribution, or allow others to do so, following:
for U.S. Government purposes."

+ Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy.
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1. Two concentric open-top tanks, 8½ fl and 10½ OBSERVATIONS/CONCLUSIONS
fl diameter and 30 in. deep. Test cylinders
were positioned on the center tank with their 1. The fire tests confirmed that base UF6
longitudinal center lines parallel to the cylinders up to 8 in. diameter can rupture
ground. Diesel fuel was used in both tanks, with explosive force when exposed to a
with the oil in the outer tank to provide thermal source.
better temperature control. The fire was also
more engulfing. 2. When a bare UF, cylinder is exposed to an

engulfing fire, there is probably insufficient
2. A roofed viewing stand was installed about time for fire fighting.

200 ft from the oil tanks, lt was constructed

of ¼-in.-thick steel plate welded to railroad 3. The explosions from UF, are probably no
rails. Supports were embedded in concrete in more severe or hazardous than those due to
4½-ft-deep holes, similar chemical or gas explosions.

3. A 15-ft-wide barricade consisting of railroad 4. Health physics monitoring indicated that UF6
rails and heavy steel grating and welded to and its reaction products were widely
inclined rail supports was positioned adjacent dispersed by the resultant explosion and heat.
to the tanks and between the tanks and the

observation barricade. A smaller barricade Contamination patterns are influenced by the
was positioned between the tanks and the magnitude of the fire and wind velocity and
nearby woods to prevent hot fragments from direction shifts.
entering the woods. Steel panels also
protected instrumentation and the power 5. For cylinders up to 30 in. in diameter and
supply, containing U-235-enriched L1F6,protection is

required to preclude loss of containment for
4. A manned fire pumper was available to the regulatory thermal exposure at 1475"F for

extinguish the oil fire at the completion of 30 min.
each test. Later a foam generating system was
successfully used to extinguish fires. SUMMARY

SAFETY CONTROL The fire testing programs of bare UF6 cylinders
were useful in establishing packaging for safe

The test location was selected due to its remote transport in order to meet regulatory
location from other Oak Ridge installations, requirements. Limitations on fighting fires
Access was controlled by the AEC Patrol. Radio involving bare UF6 cylinders were determined.
contact was maintained with the plant facilities In event of an explosion, the UF_ and its
and the AEC Patrol. The number of personnel reaction products are expected to be widely
at the viewing site was limited for each test. disseminated.
Other visitors and personnel assisting were at
sites at least 800 ft away. Advance notice was APPENDIX
provided to ensure that no activities which would
be affected by the tests were underway near the The Type B requirements (hypothetical accident
site. Gas masks and safety helmets were required test series from AEC Manual Chapter 0529,
for test personnel. Safety Standards for the Preparation of

Radioactive and Fissile Material for

TEST PROGRAM Transportation, August 22, 1966) were as
follows:

Table 1 summarizes the test program and results.
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1. Free drop of 30 ft onto a flat, essentially REFERENCES
unyielding horizontal surface.

1. Mallett, A. J., ORGDP Container Test and
2. Free drop of 40 in. striking the end of 6-in.- Development Program Fire Tests of UF6-

diam pistop mounted on an essentially Filled Cylinders, Report K-D-1894, January
unyield|_,g horizontal surface. 12, 1966.

3. Exposure for 30 rain within a source of 2. Mallett, A. J. and Wheatley, S. J., Fissile
radiant heat having a temperature of 1475"F Material Container and Packaging
and an emissivity coefficient of 0.9 or Development and Testing Program, Report
equivalent. K-1661, April 1, 1966.

4. Immersion in water for 24 h to a depth of at
least 3 ft.

Table 1. Fire Tests of Bare UF, Cylinders

Quantity Failure
Test Cylinders Dimensions UF6 Time Failure
No. No. (in.) (lb) (min) Mode

I I

1 2 3.5 × 5.7 5 (A) 4 Valve*
(B) 6 Valve"

2 1 5.0 x 30"" 55 10 Explosion

3 1 8.0 × 48"" 249 10½ Explosion

4 1 5.0 × 30.... 53 10 2 Valves.....

5 1 8.0 × 48.... 245 8½ Explosion

* Plastic Valve Seat
** Metal Valve Seat
*** With Valve Cover
**** Without Valve Cover
***** Both Valves failed; Part of Valve Eroded; Stem ,k Cap Missing



MODELLING OF THE THERMAL BEHAVIOUR
OF 48 INCH CYLINDERS

D G Clayton. T J Hayes. E Livesey. J Lomas. M Price.

British Nuclear Fuels pie

Risley Warrington Cheshire UK

work. Small scale experiments, to be carried out in the
ABSTRACT US, are aimed at determining UF6 behaviour/

properties and the effects of the fire on the container
This paper describes the current state of the analytical filling/emptying valve, lt is planned to conduct near
models being developed by BNFL to improve the full scale tests on a section of a type 48 container filled
understanding of the response of Uranium with UF6 and exposed to fire temperatures in a facility
Hexafluoride containers enguffed in a fire. Details are being constructed in France.
given of the modelling methods used and physical
processes simulated, together with some predictions
from the models. Explanations for the differences In order to demonstrate compliance with the proposed
between the predictions are presented as well as an revised regulations and as part of the collaborative
outline for future development of the models, programme, BNFL are developing calculational

models of the container, including prediction of
temperature transients in the UF6 and the consequent

INTRODUCTION phase changes and pressure transients. UF6 exhibits
complex physical and phase behaviour. Melting of the

Uranium Hexafluoride (UF6) is an intermediate in the solid is accompanied by an abnormally large reduction
fuel cycle and is transported by many international in density (about a third reduction) and consequent
nuclear companies including BNFL. lt is transported increase in volume. Models of the container and UF6
in large capacity type 30 or 48 containers. The type 48 are being developed using both finite element and
container is a steel pressure cylinder, about 1.2m analytical methods taking into account the
diameter and 2.4m length, containing 12,500 kg of sublimation, vaporisation and melting processes. The
UF6. The cylinders are carried on flat bed trailers or finite element modelling is refined by adaptive
in ISO containers. Natural depleted and enriched UF6 remeshing, where automatic mesh refinement follows
is transported by BNFL to and from the Springfields the progress of the melt front.
and Capenhurst sites to Europe, the USA, Russia and
Japan.

Associated studies include the important aspect of the
integrity of the container. Tests have been conducted

The offsite movements are currently regulated by the in the US to determine failure pressures of different
IAEA, International Modal Documents and ANSI container designs by pressurising them at ambient

design Standards, amongst others. During 1987 the temperature - this data has been extrapolated to higher
IAEA initiated a review of the current regulations that temperatures using finite element modelling methods.
cover the chemical hazards of an accidental release of Using the internal pressure transient and container
UF6, and made recommendations for additional materials data, the potential failure of a container in a
regulatory requirements and research into aspects of fire test can be predicted. The planned near full scale
the transport operations. Of the recommendations, practical tests will provide valuable supporting
further work into the response of the containers to a validation data.
fire test was suggested.

Under the auspices of the IAEA, an international OVERVIEW OF CURRENT ASSESSMENT
collaborative programme is being organised with the
objective of arriving at an agreed thermal model of the Complex problems are posed by the behaviour of UF6
response of UF6 containers to a fire test. The when it is contained within a sealed vessel and
programme includes theoretical and experimental exposed to the high heat fluxes of an engulfing fire.
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The heat transfer, internal pressure generation and STRUC'TURAL MODELS
mechanical failure of tic vessel arc all aspeas that
must bc ',a:ldressedby an assessment. Each aspect The calculation of container burst pressure is
exhibits somedegree of dcpendcoceon tic others; for fundamentalto til analysis of Uranium Hcxafiuoride
example, the pressuregcncratedwithin til vessel is a containers. The problem of defining containerburst
function of the UF6 temperaturewhich itself is pressure hasbeenaddressedby several peopleand has
pressuredependentsince the he,at transfer pr_ produceda variety of answers. Some typical predic-
used in its evaluation include the value of vapour tions of burstpressuregenerated within BNI_ are
density. In addition to the difficulties involved in shown in figure 1. These indicate mc wide range of
producing a mathematical model of the various values and til importance of accurately representing
processes,ticre are uncertaintie,t in our understanding the temperatureprofile around the container. For the
of the physics of the problem and also uncertainties in work reported in this paper, the container failure
the physical properties of UF6. It was decided that to criterion has been taken as the onset of membrane
attempt a fully coupled model solution would be an yield stress and the yield stress used is that defined by
unrealistic objective at present, and so a group of ASME 8 for A516 steel grade 65.
computer models are being developed to handle the
aspects of heat transfer and pressure generation
separately from vessel failure. These models, together Initial estimates for the bursting pressure of a UF6
with additional experimental data, provide a means of container were calculated us.ing a s!mplistic finite
gaining an insight into the problem and form a good element model of a plain cylinder at uniform
basis for a more comprehensive solution, temperature. Over the temperature range 25"C to

700"C til model predicted yield as indicated by curve
A in figure 1.

The thermal response of the UF6 vessel is largely
independent of any distortion or failure of the
containment shell. In view of this, three preliminary Minor refinement of the uniform temperature model,
assessment models have been developed. Two by incorporation of temperature dependent material
independentthermal models, determining the transient propertiesand theapplication of a realistic,
temperature and pressureresponse to the fire, are used. circumferentially-varying temperature prof'fle to the
The first of these, BURS'I'2, is a semi-analytical code container, producedvalues for the onsetof yield
that incorporates ali the known physical processesin a depicted by points B and C in figure 1.
simplified geometrical representationof the container.

This code is used to investigate the uncertainties in the ,o i ! I ! I !
physics of the model and ill the material properties. K_

A - Uniform I_mpefuazm model
,* 9 .V."_'¢.!"t,.,,,t,*,,_,,,,,,,p..I "9 ",,*s*z.!oa0o'c

,,. _. y.tti@lc ,.'m,.pe:pm.©mooct ,,vim rtallc hint.ainu',...
U - _t._p_burst unltorm lempmmN'¢ *ppoDzimttion

The second thermal mtxiel was initiated to provide XX e. c_,b_t,._t,,,, ,...p,,m,,,_,p,.,.,-_o,

more detailed information on container sheU ® __L"

temperatures, (needed in the failure assessment
model), and the implications of using simplifying .-.

geometrical transformations in til lumped parameter __<® V_)_'__
model. This second model is a two dimensional finite "7
element simulation using an adaptive meshing code

assessmentandisals°intendedt°f°rmthebasisf°rtilfinalstrategy. _.o "_ E.<___ _

The p_ure and shell tem_rature resul_ from the __ __
thermal models are used, in the vessel failure _*

calculation, to produce the container yield, (bursO s - _ __ ...pressure values. These burst pressures are "" ,c10

continuously compared with the container pressures -
as predicted by the model - and container failure
ocoJrs when the burst pressure and container pressure ,
become equal. An alternative failure mode, caused by o ,® zo = ,® _ .= ,= .,_
the expansion of UF6 on melting, is that of hydraulic Pz,,_:SHELL'rz,_mo,ro_ tc)
over-pressuris_,tion, which occurs when the vapour
space vanishes Figure 1. Predictions of container burst pressure
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F'miteelement model For essentially the same initial conductivity. For example, if liquid convection is
conditions, the thermalresponse predictedby the finite simulated by enhancingthe liquid conductivity by 10
element _ is similarto thatwedicted by the ratberthan I00, then after30 minutes of heating, the
lumpedparametermodel. Initially,heat input from the absolutepressuregeneratedwithin the containeris
fire causesthe solid to sublimewith liquidformedata approximatelytentimesthepreviouslypredicted
later stage in the ttaasieat. However,sublimationis value.
predicted to terminatemuch sooner than in the lumped
parametersimudationso that the containerwatt
temperaturedoes net rise above the criticalvalue Otherparametersinfluencing thewessure predictions
before liquid is formed. _uently, the liquid wets toa lesser degree are the radiationandconvection
the wall andnuck_e bolting heat trat_er is predicted, across the ullage space. Withoutthis heat transfer
Because the code models co_ only, nucleate mechaaism, the mean liquid surface temperatureis
boring andthe convection within the liquid areboth reducedand the predictedvapour pressure,20 minutes
simulated by a conductivityenhancementfactor. The into the transient,is only 25% of that when radiation
nucleate boiling processenablessubstantiany more andconvection heattransfer across the ullage are
heat to enterthe containerand around88% of the solid simulated.
UF6 is meltedby the end of the fire transient.The
pressure transientfocthiscaseisshowninfigure 6 and
it can be seen that, although the pressure predictions
from the two models arealmost numericallyequalat Rupture resulls. Both heat transfermodels currently
20 minut_ into the transient,the finite element model predictcontainervapourpressures thatcause failure
predicts an almost exponentialrise after thattime due to over ptesstaisation within the heating phase.
whereas t_e lumpedparametermodel sbows only a However,because of the uncertaintiesin the models
slight ir,_ease in the rateof pressure rise. aoztu_e failuretime can not be given, and it is

posm_lethatthe con'.airiermay survive the th_.. The
prudentview, at present, is of a failure to meet _hefire
requirement.

• GENERAL DISCUSSION

: BNFL have not modelled UF6 containerspreviously
55 _ and in order to participatefully in any collaborative
50 :

.-,45 i venture need to be conversant with the problems
I inherentinmodelling the physical phenomena ooeur-

40 / ring within heated UF6 containers. The analytical

35 ] models presented in this paperhave therefore been
3o / developed with the aim of testing the mathematicalmethods and initiatingthe BNFL modellers into the

_"25 / intricaciesof UF6, rather thanproducingdefinitive
20 ----.= solutions to the thermalresponseof a UF6 container./
15 As the models are still being developed, this paper
lo '- v_ represents only a progress report and any conclusions

5 _ _ stated or implied should be treatedwith caution.

0 5 10 15 20 25 30

T_= C_) Notwithstandingthe above, th: informationderived
from the analyses to datehas indicatedthe requirement

Figure6. Pressureprediction from to model the initial heating stage, say over the fu'st 50
fmite element model seconds, with great care. The presenceor absence of a

small gap between thecontainer wall and the solid
UF6 is _1 in ,_eterminingthe outcome of the

Additionally, the finite element model has been used ensuing transient. By e_-plicitinclusion of the gap in
to investigate the sensitivityof the solution to some of the lumpedparametermodel, the poor heat transfer
the heat transfer methods and formulationsused. From propertiesof the gap allow high container temperatures
the results ixoduced so far,,the most significant to develop before melting begix:s. When melting
parameteraffecting the predictedvapourpressure is starts, the highwall temperaturesproducea film-
the enhancement factor applied to the liquid boiling condition which persists throuFhoutthe rue.
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However, in the finite element model where the vapour liquid film heat transfer coefficient from the
gapisnotexplicitly defined, sufficientheat is convection processwithinthebulkliquid.Thiswill
transferred mm the solid to enable l/quid to form early enable differing conduction enhancement factors to be
in the heating transient. Once liquid has formed and is applied.
in contact with the walLnucleateboilingcantransfer
sufficient heat to maintain the wall below the critical

value. As the liquidlevel extends up the wall
stdIicient heat is extracted to bring the wall
temperature below critical and allow continued
nucleate boiling. ACKNOWLEDGEIVIEN'I_

The authorswish tothankProf.R W Lewis, R W Sze,

Ithasalsobeennotedduringthedevelopmentofthese Y Zheng,H C Huang and D T GcthinoftheUniversity
modelsthateventhoughacontainermay be predicted CollegeofSwanseafortheircollaborationin

to survive the 30 minute fire transient without development of the finite element modelling
bursting, the period of hazard has not ended. In fact it programme and B Creswen of BNFL C.apenhurst for
is possible, dependent on initial fill level, to cause a his oollaboration and guidance in the development of
hydraulic rupture of the container some 10 minutes the lumped parameter modelling programme.
after the fire source is removed. This is due to the

continued melting of solid UF6 (with volume increase)
by heat stored in the liquid UF6.

FEI-URE DEVELOPM]ENTS

As pan of the continuing programme of extension and
refinement of the calculational tools developed so far,
a more comprehensive investigation into the
differences between the predictions of the two thermal
models is to be undertaken. Where suitable test data is
available, experimental conditions will be simulated
using the mathematical models with a view to
validating the comlwatational methods and
assumptions.

The temperature variation around the container wall
especially near the liquid/vapour interface, can now be
obtained from the finite element model. Incorporation
of this temperature profile into the current stress model
will maximise the infonnation that can be extracted.

The potential for providing more detailed stress
distributions by conversion of the plain cylinder stress
model to three dimensions so that the stiffening nbs
and end effects can be incorporated will be
investigated.

Development of the lump "1parameter model to
include a heat transfer mechanism on the underside of

the container or conversion to a cylindrical geometry
will remove one of the most significant deficiencies of
this current model. Other otentJal developments
identified are the absorption of heat by the solid and
the inclusion of condensation on the inside of the
container during cool-down. In the finite element
model consideration will he given to separating the



HIGH TEMPERATURE EXPERIMENTS ON A 4 TONS UF6 CONTAINER

TENERIFE PROGRAM

C. Casselman (CEA/IPSN/CADARACHE) basis for the next issue of the IAEA regulation for the

B. Duret (CEA/DRN/GRENOBLE) transport of radioactive materials (Safety Series N* 6),

J.M Seiler (CEA/DRN/GRENOBLE) planned for 1',_5.

C. Ringer (CEA/IPSN/FONTENAY AUX ROSES) This guide specifically provides that packagings
P. Warniez (CF. A/IPSN/FONTENAY AUX ROSES) for the transport of non-fissile products (cnrichissmcnt less

than I'..i.), such as the type 48Y cylinder, mu_,t be able Lt)
resist in the fire conditions identical to these related to

containers for radioactive materials of type B, 8000C for

half an hour, which has not yet been unequivocally

ABSTRACT demonstrated. This is the reason for which we consider
that studies are needed to develop a model for the thermal

The paper presents un experimental program behaviour of UF6 and for which an experimental program

(called TENERIFE) whose aim is to investigate the (called TENERIFE)

behaviour of a cylinder containing UF6 when ex'posed to a

high temperature fire for model validation. !! - OB.IECTIVES

Taking into account the experiments performed

in the past, the modelizatton needs f_.,,ther informations m To know the input of the future thermo-

order to be able to predict the behaviour of real size mechanical code we have to get a better understanding of

cylinder when engulfed in a 800"C fire, as specified by the the thermo-physical t.wolution of the UF6 which

IAEA regulation, pressurizes the container. This t.wolution tS function of'
The main unknowns are _'elated to 11) the UF6 a) the heat transfer rate I'rq_mthe fire to the container

behaviour beyond the critical point, (2) the relationship b) the UF6 behaviour in the container

between temperature field and internal pressure and 13) The first point may proceed from the type B

the equivalent cond_-,.aivi_, of the solid UF6. regulation requirements (about 54 kW/m 2) or real heat

In order to investigate these phenomena on a flux during experimental fire (120 kW/m 2 in ref (1)).

representative way it is foreseen to perform experiments Though this external boundary conditions are not specific

with a cylinder of real diameter, but reduced len_h, to UF6 it is avery important unknown of theproblem.

containing 4 tons of UF6. This cylinder will be placed in an The actual main incertitude is more related to the

electrically heated furnace, second point which concerns heat transfer itself inside the

A confinement vessel prevents from any cylinder depending on the phenomenology of UF6
dispersion of UF6. The heat flux delivered by. the furnace liquefaction and vaporization.

will be calibrated by specific tests. The cylinder will be Malett experiments ref (2) are the only UF6

changed for each test. heating in a titre. The analysis and extrapolation to a 48Y

container in f'tre during 30 minutes gives a great scattering

! - INTRODUCTION in the results in terms of time and cause of rupture •

• Williams ref (3) 28 mn. hydraulic rupture

Over the past few years, the International Atomic . Park ref (4) 22 nan ,upture due to vapor pressure

Energy Agency has _een working on establishing . Shiomi and al ref (5) and (6) no rupture

regulation for UF6 transportation which should take into . Duret ref (7) and (8) no rupture (hydraulic rupture at 40
account chemical and radiological hazards. This action mn)

took a concrete form with the guide TEC - DOC 587-2 l'his dispersion come from the scale effect from

published by the IAEA in 1989 and which will serve as a 100 kg of UF6 to 12 tons.

169
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lt is the main reason for which we decide to !11- DESCRIPTION OFTHE EXPERIMENTAL PLANT
respect two important parameters in the TENERIFE

experiment : Ili.1 Working principle
al external temperature level

b) realistic internal diameter The experimental container which contains about

4 tonnes of UF6, is put inside a radiant furnace, lt is

a) external temperature level heated under vacuum, in a fast transient, for a pre-defined

At the beginning the heat transfer to UF6 time or until previously established thresholds are reached.

material is limited by the presence of a gap between the The made measurements will lead to better understanding
steel wall and the UF6. In order to get a picture of the of heat transfers towards UF6 under these conditions.

events we will make use of a calculation based on our To confine UF6 in case of a leak on the

model developped for a 48Y container ref (8) These experimental container (lst barrier), container and "urnace

calculations indicate that the steel temperature is higher are enclosed in a vessel (2hd barrier) which is leak tight,

than 5(_*C. under primary, vacuum and under an absolute pressure
The transfer will come from conduction heat

equal to 6 bars (case _1" UF6 release). This vessel is

transfer (unknown : the contact surface) and also bv equipped with facilities designed te recover any UF6

radiation (unknown: the internal emissivity). On the other accidentally released in this volume (figure 5).
hand. this temperature level is much higher than the The third barrier consists of caisson J of a

critical temperature of UF6 : thus the liquid UF6 should building 346, where the entire experimental rig is situated.
not wet the hot steel and a vapour film may separate the The test is run by remote control, from the

liquid UF6 from the steel surface, caisson J control room, using fundamental test parameters
If this vapour film ts stable, this film acts as a which are associated with known threshold values :

thermal resistance and will dclav the heating up and the - strain measured on the container surface, threshold of

melting of UF6. Thus the time it) rupture wt,uld be which corresponds to elastic limit of used steel,

increased, - maximal temperature in UF6 mass with a threshold equal
If not. the heat transfer tt_ UF6 should be increased, which to 150"C,

reouces the time to rupture. - the pressure inside the container with a threshold equal
The staoilirv of this film w_ll, in fact, depend on to 14 bars.

the time at which UF6 will really start to melt. This will

depend on the quality of the heat transfer in the solid UF6. 111.2 Experimental container
If transverse conduction in the solid UF6 is taken into

account, the temperature distribution in the solid will not The experimental container is used for filling,

be uniform and the melting temperature will be reached emptying, transport of UF6, and for carrying out the
near the steel wall _ooner as precalculated v,'ith the thermal tests.

assumption of uniform temperature distribution (which is lt is planned to use one container for each

m the model we developed), thermal test. Each of them will be placed inside the

experimental furnace where it is secured by its bottom

b) Realistic internal diameter jackets.
Solid UF6 is porous and UF6 has a high vapour The container will be fabricated and checked as

pressure ; therefore heat transverse exchange in solid UF6 in the last edition of ANSI N 14-I 1987 (American

is related not only to conduction but also to vapour National Standard Institute lnc: Packaging of Uranium

convection (evaporation in hot sites and condensation in Hexafluorure for Transport).

cold sites), lt is a matter of fact that the experiments give The experimental container consists of a

"equivalent conducti,.ities" which are much higher than the cylindrical sleeve and of pressed ends (large radius cross

conductivity of the pure solid, section), both made of steel A 516 grade 70. The thickness

But what is the validity of the known "equivalent is equal to 16 mm. Its minimal capacity is 141._)litres. Its
conductivity" derived from low temperature low diameter

external walls undergoes the same surface treatment (sand

experiments when real cases (high steel temperatures, high blasting and painting) as for 48Y containers.

diameters) are considered ? lt is possible that phenomena the container (see figure 1) is equipped with :

like porosity occlusions may appear for high diameters -a stiffening ring
which may not exist for lower diameters.
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_ Figure1. Experimental container

- bottom jackets, in which oblong holes are provided for Its dimensions are:

handling, - outside diameter : 2000 mm.

- two protection hoods for instrumentation devices and -length : 2400 mm.

valves duringhandlingandtransport. The electrical power requirements is 500 kW

- a flange on one of the two curved faces, for thermocouple which will he independantly regulated for each of the four
crossing, zones by means of one or more sensitive probes for each
- two flanges for pressure measurements, zone.

- onevalve for fillingand one for empt_ngand cleaning. Gas flow can be directed inside the space
The maximale relative pressure is 14 bars and the between container and furnace by mean of the cooling at

calculated temperatures are + 120"Cand - 40"C. the end of the test.

The proof pressure is28 bars. A calibration test will be performed to know the

Its dimensions are: most precisely as possible the external heat low coming
- inside diameter : 1217mm, from the furnace.

length : 1550 mm (excluding flanges and curved face
j-ackets). _, l,_ 4,.

r .... _..... ----T" ......

111.3Furnace B 1
I

L'lUll "I

The furnace function is to apply to external walls l
of the UF6 container, heat fluxes of the order of 30 to 50

kW.m-2, under vacuum atmosphere. !
lt answers to the following working specifications • .-_,_ -.---_

/

- a fast transient (1000*C within about 4 minutes), :

•zone A or lower cvlindrical part of the container, /

•zone B or upper _'iindrical part, O I _I ] C•zone C or front face,

•zone D or back face. I A :: !

The furnace is positionned horizontally and l " _i_|__I'L u-_ -consists of two haft-shells which are fitted together along a Z'l _ _ I ....
median horizontal plane. A sketch is given on figure 2.

Figure 2. Furnace
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For this a special container will be constructed. The number and pnsition of the different

Similar to the UF6 container, externally painted, but measuring devicesare as follows"

empty, it will be simply rigged with about twenty - 20 strain gauges ancl 10 thermocouples placccl at locations

thermocouples in the thickness of the wail. After that. it on the external sunace of the container (2 strain gauges in

will be putted through different thermal conditions in the the quarter of a bridge) according to the results of a
furnace, structural analysis.

From each thermocouple the temperature - 2 pressure gauges connected to the flanges in the upper

increasing measurements will give the heat flow with part of the container by mean of heated tubes in order to

following method : avoid solidification of UF6 inside (measuring range : t)-l(_)

For example : if Te is the regulation temperature psia to 0-250 psia).

of the furnace. Fp the local heat flow at the point p - 4(I thermocouples installed inside the container as

depends on Te and Tp the steel temperature indicated on the fi_nare3 :
at p. .24 thermocouples (circles on figure 3) positionned t)ll the

Fp = r. Cp. e. dTp/dt middle right section of the container tr) measure

e : steel thickness temperature gradients near the wall and inside UF6.

r,Cp : density and thermal capacity. 16 thermocouples (arrows on figure 3) positionned

The transient measurements of Tp and dTp/dt against the wall to verify, heating homogeneity.

will permit to obtain the external heat flow, which we will Thermocouples will be positionned in the

write eventuaUv as" container before welding of the last bottom. In order to

Fp = Eeq.S. ((Te+273)4-(Tp+ 273) 4) avoid any deformation during melting of UF6 they will be

Where Eeq (equivalent emisstvit2,") is adjusted in held verticallv In" mean of combs and grooved tubes, as

order to reproduce the measured heat flow (if we establish described on figure 4.

that Eeq stays constant, or may be a function of Tp). Inside thermocouples come out tfr the container

For inner emissivity., it seems necessary that wall through a small diameter tube where they are brazed.

has been in contact with UF6 in order to create the normal There are connected, with the outside thermocouples,

fluorure coating. \Ve propose to cut a steel piece after a strain gauges and pressure gauges, on a binding-post which

test with UF6 and perform a classical emissivity is offset from the container bottom at a distance of about

measurement on the.sample at differents temperatures. 40 cre. With this arrangement, the heat transfer to the

bottom of the container is only slightly modified.
i!1.4 lnstrumentati_m Additional measurement devices are needed for

plant thermodvnamic state monitoring and for running the
Experimental measurements include those which tests. These will include :

are performed on the container to contrt_l the strain l_'el

and to measure temperature inside UF6 mass.,...... b.. -\( "_1-_tl _..._'
'/' "1 sP-dl), )

V'!,i., ' " . "--.,:

oijt.oJlt_vlr t./_. _iJ_.o_,r,_4r t ,li............ f...

Figure 3. Measurement locations
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The vc_,;el is designed to withstand an absolute
pressure of 6 bars, reached in case of container rupture,

and a primary vacuum of 1.10 -2 to 5.10"1 torrs, reqmred

during thermal tests, and to support wall temperatures upto 200"C.

___.,, ! Measurements devices for plant thermodynamicstate monitoring and running the tests, include

vessel, wall probes on the outside wall of the 'vessel,

C_detector connected with the vessel w_lume.

_ _,_ \ ,. !il.7 C.'lisson .|

:_' _,1:, t _'_]'_t_4 This experimental room, made of reinforced+' 'i tj _i , • concrete, can withstand wall temperature equal to 130"C

_.¢ . and an overpressure equal to 1 bar. Its walls are 1 meter
thick and the dimensions are ' 20mxI5mxl2mx = 36<_1m3.

i i :', __ For thermal tests planned, ventilation t_utlet
i li circuit which includes a very high efficiency filter box, is

a .._1_.i ....... LI used to maintain an under-pressure ol'a few millibars

inside the room. Gas temperature, pressure are measured
-"" inside the caisson. _ detection d_'iccs are located inside

' -_ -- the room and on the outlet circuit.
e,,+

Figure 4. Thermocouple's supports !!!.7 UF6 Recoven'

Container burst with dispersion of ali the UF6

quantity inside the vessel or UF6 smaller leak are detected

- thermocouples to control furnace operation, by pressure increase or by means of an 0_detector. For the

- thermocouples dispersed in the free atmosphere inside recovery of UF6, two principles are applied •

the vessel, UF6 gaseous transfer by hot point cold point

- pressure gauges connected to the internal vessel volume, method, from the vessel to the 48Y container which is kept

During the UF6 filling of each container the at about 15"C"

previous thermocouples will be used; on an other hand the residual UF6 hydrolysis with a large quantity, of water •

internal UF6 aspect and the level visualisation will be after which, gas and liquid effluents are neutralized with a

performed with a fiberscope after the cooling and aslo potassium carbonate solution.

after every test in the furnace, lt is constituted of two parts •
. a 48Y container, connected to the vessel by means of a

!11.5 Experimental Vessel heating pipe with adjustment or shut off valves,

• an hydrolysis circuit with, above the vessel, wet air supply

Its function is to maintain UF6 confined in the system, and below the vessel, released gas treatment and

case of a leak of the container . lt is a plain steel vessel, liquid efluents recovery.

3,85 m long and 3.00 in diameter, consisting of a horizontal These facilities will not be used during normal

cylindrical sleeve and two curved ends • its internal volume operation of the rig. However, as they. are connected with

is about 21 rrt3 (figure 6). the vessel, some of its components are taken into account

The cover consisting of one of the curved ends, during operation of the rig for the thermal tests.
can be dismantled and is movable. Mtwing the cover

involves completely opening the vessel to insert the !il.8 Plant Control And Monitoring System

experimental container and upper half-shell of furnace,

and extracting them out between tests. Test remote control and measurement recording



174 Uranium Hexafluoride Handling

1 I , _-

f_" i1[
fill_ ; i

1

r- , _qmm , _, <................--,--'_ ____.,,_._. \

Figure5. Schern_cofexperimentalfacilities

:::::::::::::::::::::
I / ' )

° !li ' i: ! !l

...............
i t.. .............. o

) Z i "'L

:!___. L__.Jj H

I I

Io

h
I

I_o(x_mlnor 2ek_rlcmfumece 3_mmcmm 4movUlecovw
5_,covwma_ etov_WSUpl_eymm 7__ 8mpe_orUghtcmuW_
9 Io44Ycont_w andMflue_srecov_ycircu4 I0 topump 11rocMnglev_

F_n _;.Ex;_menmrum
are performed by. means of a data recorder, which is On the [est mimic board, monitoring of test

situated in the monitor room of caisson J, and of mimic parameter are displayed:

boards of the plant. = strain measured on the container surface, temperature in

There are 120 readings including 88 tempe- UF6 mass, the pressure inside the container,

ratures, I0 strains and 5 pressures, Experimental readings - furnace temperature,

are recorded at time intervals less than or equal to I =temperature and pressure inside the experimental vessel,

second. - the signal from UF6 detection system inside the vessel.
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111.9Test Matrix with a container fed with liquid UF6, wilh cylindric surface

heating at 800"C and with insulated curved ends ;

Test matrix (table 1)includes six tests: - one test is carried out with a container equipped with

- the first test is a calibration one with an empty cylinder protective covers.

which aims to determine the heat I]ux received by the Optional tests are considered to investigate:
experimental cylinder, - The behaviour of the valve,

- the second test aims to investigate the general behaviour - the effect of filling with gaseous UF6 which changes
of the experimental container fed with liquid UF6 with initial distribution of matter inside the container, - the

total surface heating at 800"C, with special attention paid effect of the filling rate.

to "overshoot" effect at the end of heating time ' its Tests at higher temperature (lt_Ml*C) would also

consists of several separate heating phases with increasing be po_ible.

duration; Detailed studies of the project began in 1991 :

- two tests are performed with a container fed with liquid realization of the experimental facilities will last two years

UF6, with total surface heating at 800"C ; heating and the first test will be performed at the beginning of
durations are determined from second test results analysis ; ltY)4.

- one test aims to analyse the "end" effect and is perft_rmed

Table 1.Test mamx

Test Furnace tempera- Heating type of heated i remark
number ture _C duration filling surface I

minutes
.....

1 empty calibration
contalner test

, ,

5

2 300 i0 liquid total
15
X

........

,,8 800 X/2 liquid total I

4 800 X liquid total

5 800 X liquid cylindric

with
6 800 X liquid total protectives

covers
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UF 6 CYLINDER FIRE TEST

Shin H. Park
Enrichment Technical Operations Division

Oak Ridge K-25 Site
Martin Marietta Energy Systems, Inc.

P. O. Box 2003
Oak Ridge, Tennessee 37831-7266

With the increasing number of nuclear reactors The empiricaldata is to be obtained in a series
for power generation, there is a comparable of experimentsinvolvingan instrumented12-inch
increase inthe amountof UFe beingtransported, cylinder filled to the design fill level with UF6.
Likewise, the probability of having an accident Heat will be applied to the bottom of the cylinder
involving UFe-filled cylinders also increases, when it is inthe vertical positionand then in the
Accident scenarioswhich have been difficultto horizontalposition. Heat transfercoefficientswill
assess are those involvinga filled UF6 cylinder be determined from surfaceand internal temper-
subjected to fire. A study is underway at the ature profilesat variousheat fluxesas a function
Oak Ridge K-25 Site, as part of the U.S. DOE En- of time. The two position heating tests should
richmentProgram,to provide empiricaldata and provide information to determine the effect of
a computer model that can be used to evaluate liquidUF6 on the heat transfer rate and to show
various cylinder-in-firescenarios, lt is expected the porosityof the solid UF8structure. The ther-
thatthe resultswill provideinformationleadingto mal tests will be c. nducted in an autoclave
better handling of possiblefire accidents as well which will serve as a containment vessel in the
as show whether changes should be made to event of any possible UFe leakage.
provide different physical protection during "The submitted manuscript has been authored
shipment. The computer model being devel- by a contractor of the U.S. Government under
oped willbe capable of predicting the rupture of ContractNo. DE-AC05-76OR00001. Accordingly,
variouscylinder sizes and designsas well as the the U.S. Government retains a nonexclusive,
amount of UFe, its distribution in the cylinder, royalty-freelicense to publish or reproduce the
and the conditions of the fire. published form of this contribution, or allow

others to do so, for U.S. Governmentpurposes."

"The submittedmanuscripthazbeenauthoredbyacontractor
of the U.S. Government under Contract No. DE-AO05-

76OR00001. Accordingly, the U.S. Government re=ius a
nonexclusive, royally-free license to publish or reproduce the
published form of Ihis contribution, or allow others to do so,
for U.S. Government purpose"
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DEVELOPMENT OF A UF6 CYLINDER
TRANSIENT HEAT TRANSFER/STRESS

ANALYSIS MODEL

W. R. Williams

Department Head

Process Engineering/Energy Systems Analysis
Martin Marietta Energy Systems, Inc., Engineering

Oak Ridge, Tennessee USA

ABSTRACT ACKNOWLEDGEMENTS

A heat transfer/stress analysis model is being developed Other participants in the development of this model
to simulate the heating to a point of rupture of a include J.C. Anderson, C.P. Kerr, and G.H.
cylinder containing UF6 when it is exposed to a fire. Llewellyn of the Energy Systems Analysis Department
The assumptions underlying the heat transfer portion of and B.W. Reimer of the Structural Analysis
the model, which has been the focus of work to date, Department of Process Engineering.

will be discussed. A key aspect of this model is a
lumped parameter approach to modeling heat transfer.
Preliminary results and future efforts to develop an
integrated thermal/stress model will be outlined.

"The submitted manuscript has been authoredby a contractor
of the U.S. Government under Contract No. DE-AC0$-
76OR00001. Accordingly, the U.S. Governmentretains•
aouexclusive, royalty-free license to publishor reproduce the

published form of this contribution, or allow othen to do so,
for U.S. Government purposes."
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CYLINDER MONITORING PROGRAM

J. H. Alderson

Staff Engineer
Martin Marietta Energy Systems, Inc.

Paducah, Kentucky USA

Cylinders containing depleted uranium The minimum required wall thickness is obtained
hexafluoride (UFr) in storage at the Department from the American National Standards Institute,
of Energy (DOE) gaseous diffusion plants, (ANSI), N14.1 "Uranium Hexafluoride Packaging
managed by Martin Marietta Energy Systems, for Transport," and from ORO--651, "Uranium
Inc., are being evaluated to determine their Hexafluoride: Handling Procedures and
expected storage life. Cylinders evaluated Container Descriptions," which require cylinders
recently have been in storage service for 30 to 40 to be removed from service when their shell
years. In the present environment, the remaining thickness has decreased below a specified value,
life for these storage cylinders is estimated to be depending on the type of cylinder.
30 years or greater. The group of cylinders
involved in recent tests will continue to be Coupon corrosion studies are designed to
monitored on a periodic basis, and other storage determine corrosion rates of cylinder steels
cylinders will be observed as on a statistical exposed to long-term atmospheric weathering.
sample population. The program has been The coupons involved in these tests, steel ASTM
extended to ali types of large capacity UF_ A285 and A516 are being obtained from existing
cylinders. UF_ storage cylinders. Grade A36 coupons are

cut from structural steel plates. The test coupons
Two methods of determining cylinde r longevity are situated in direction-oriented environmental
are presently being employed: 1) nondestructive racks in present storage yard locations at each of
ultrasonic thickness (UT) measurements on the DOE-managed gaseous diffusion plant sites.
selected in-service UF6 cylinders, and 2) These coupons are used to study the effects of
corrosion studies on coupons made from surface chemistry and microstructure on the
unserviceable storage cylinders, weathering of exposed samples to determine

reaction kinetics and metallurgical effects. The
Ultrasonic thickness measurements are taken on a tests are accomplished in accordance with the
statistically significant number of large capacity provisions of ASTM G15-85a, "Standard Terms
storage cylinders while they contain depleted and Definitions Relating to Corrosion and
material (i.e., in-service cylinders). Measure- Corrosion Testing." Sample coupons in sizes of
ments for each cylinder consist of 36 readings; four-inch x six-inch and three-inch x five-inch are
(16 readings on the shell, and 10 readings on to be monitored for periods of up to 16 years,
each head). These measurements are taken in which will require, the periodic removal of
specific locations where high corrosion rates have coupons for evaluation. Each coupon is prepared

been observed in long-term storage. Each and weighed prior to setting in racks, and
location is prepared by sanding an approximate removals are scheduled at intervals of 1 year, 2
one-inch diameter area to facilitate precise years, 4 years, 8 years, and 16 years. Corrosion
reproducible UT readings. The corrosion rate is rates will be determined by weighing the exposed
first determined by subtracting the lowest actual coupons for material loss through weathering and
thickness from the base line (original) thickness oxidation.
and dividing by cylinder age (years). The
remaining life in years is then determined by _ submittedmanuscript has been authored byacontractor
subtracting the minimum required wall thickness ot the U.S. Government under Contract No. DE-AC05-

76OR00001. Accordingly, the U.S. Government retains a
allowable from the lowest actual wall thickness nonexclusive, royally-free license to publish or _-eproducethe
and dividing by the calculated corrosion rate. publisued form of this contribution, or allow others to do so,

for U.S. Government purposes."
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REACTIONS OF ALUMINUM WITH URANIUM
FLUORIDES AND OXYFLUORIDES

J. M. Leitnaker
R. W. Nichols
B. S. Lankford

Quality and Technical Services Department
Oak Ridge K-25 Site

MartinMariettaEnergy Systems, Inc.
Oak Ridge, TN 37831-7271

AIF3shows a remarkabletendency to surround

ABSTRACT and hence protect even molten aluminum.
Hence the initial temperatureriae must be rapid
and sufficient to more reactantsinto a

Every 30 to 40 million, operating hours a
destructive reaction is observed in one of the temperature region in which productsare

-4000 large compressors that move LIFethrough removed from the reaction site.
the gaseous diffusion plants. Despite its
infrequency, such a reaction can be costly in
terms of equipment and time. INTRODUCTION

Laboratoryexperiments reveal that the presence The Uranium-235 isotope is enriched by
of moderatepressures of LIFe actually cools passing the gaseous uraniumhexafluoride
heated aluminum, although thermodynamic through many barriers(in a cascade) in such a
calculations indicate the potential for a fashion that the lighter isotope is concentrated
3000-4000°C temperaturerise. Within a narrow at one end of the plant. The heavier isotope,
and rather low (<100 ton'; ! torr = 133.322 Pa) U-238, is, conversely, concentratedat the
pressure range, however, the aluminum is seen to bottom of the plant. The gas, UF6, is a potent
react with sufficient heat release to soften an fluorinatingagent and can, thermodynamically,

react with a large evoi,_tion of heat which can
alumina boat. be very destructive of the equipment,and

Three things must occur in orderfor aluminum to consequently costly, in terms of dollars and
react vigorously with either UF6 or UO2F2. potential harm to personnel and environment.

1. An initiating source of heat must be provided. Such a destructive reaction is infrequent,
In the compressors, this source can be friction, however. In the 43 years since the first of the

three plants went on stream, only 40 incidents
permitted by disruption of the balance of the large have been counted that wer_ related to
rotating part or by creep of the aluminum during
a high-temperature treatment. In the absence of interaction of the LIFe with the aluminum
this heat source, compressors have operated for construction material. Translated into operating
40 years in LIFewithout significant reaction, hours of the compressors, the average timebetween incidents is 30-40 million compressor

hours. Understanding the manner in which
2. The film protecting the aluminum must be these reactionscan occur and propagate is a
breached. Melting (of UFs at 620 K or aluminum first step in their prevention, and this is the
at 930 K) can cause such a breach in laboratory

reason for the reported research.
experiments. In contrast, holding AI samples in
UF6 at 870 K for several hours produces only
moderate reaction. Rubbing in the cascade can
undoubtedly breach the protective film.

3. Reaction products must not build up and
smother the reaction. While uranium products
tend to dissolve or dissipate in molten aluminum,

185
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No.pt_4e-_s_

!! bellowspump werelarger. An infrared

....... ,...... _ i pyrometerwas used on some measurements;itCIF3 CI_EM i

_ I _ _°, li _ J_-_ _ I[ was uncalibratedexcept by compnurisonwith the
_.:_ . _, thermocouple during an experiment, as

[__ j___l _ "_ described later. The uncertainties in these
v _ rf--- . II I1 calibrations are much less than the uncertainties
_d," _ _,_,_-_ _l_ IJ_o_ in the chemistry of the system. Values from the

"_=___ ___-_ readoutdevices were obtained several hundred

_'_-__ ,,o_:_,,_ times a second dm'in- some of the fastreactions and the data stored in computer
............ _ memory during an experiment. Data could be

retrieved subsequently and plotted.

Fig. 1. Experimental system.
When boats were used rather than an eddy
ct,trent concentrator, samples unexposed to
ambient air could be obtained by sliding the
boat into an adjoining dry box at less than

EXPERIMENTAL PROCESS 1 ppm moisture. In this way, X-ray samples ofmoisture sensitive materials could be obtained.

Figure 1 shows the system in which the Debye-Scherrer patterns were obtained foridentification.
experiments were performed. Surrounding the
system w_ an insulated box that was maintained
at 100°C (373 K) during the experiments. Gas Samples used were high-purity aluminum,
could be added to t_ system as desired, or the aluminum alloy 214-X, 200-mesh atomized
system could be maintained at high vacuum both aluminum powder, and aluminum capsules of
before and during heating. Healing was by 1100 alloy. The high-purity aluminum was
induction. Samples were sometimes small chips obtained from a vendor and stated to be
of aluminum, usually an alloy (214-X), and in 99.99% aluminum. Scanning electron

microscope (SEM) examination of reacted
this case the temperature was measured by materi_! revealed no foreign material in the
placing a thermocouple over the boaL This high-purity aluminu:n, but the material was not
imprecise measurement, used to detect a further analyzed. The 214-X alloy contains Mg,
plasmalike reaction, was replaced by a
thermocouple within a slug or crucible during Si, and Fe, primarily, as alloying elements. The
later experiments. Flow was provided by a metal Mg and Si are added in approximately the
bellows pump, and pressure was maintained proportion necessary to form Mg2Sias astrengthening agent at the grain boundaries of
during a re_tion by a differential pressure
measuring device that also admitted gas as the Al. The iron is added as a fluidizing agent
required. At pressures below 20 torr, the to help in casting. The iron is present in the
differential pressure device could not control the solid ahoy as Fe=3AI4(ASTM Card 29-42) andwas identified by electrolytic extraction and
pressure, and manual control was necessary. X-ray diffraction, the Mg2Si was identified in
Temperatures were measured by means of a
ct, _mel-alumel thermocouple. Temperatures the same manner. The UO2Fz was formed on
measured by the system at the ice point deviated the walls of a tube by interaction of LIFeand
by less than one degree. Melting temperatures of HzO. This compound forms adducts both with
aluminum varied several degrees from the HF and with 1-120.Water contamination was

reported melting point, caused both by a lag in removed by heating in UFe, and any HF
the measurement and by impurity-lowering of the contamination was removed by heating the

melting point, as well as by inherent system to 100°C and evacuating the system by
thermocouple error. Pressures were measured by means of a diffusion pump. The aluminum
means of digital readout. A maximum deviation capsules were made of 1100 aluminum, and the
of 0.4 torr was seen at zero pressure; however, primary impurity found was a small quantity of
d Cyqntinn_ r_ll_¢* hy the _artlnn nf LhC .m.et,_J
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iron. The aluminum powder had been obtained as protected more than others. A line has been

"high purity" some years ago. SEM examination drawn across the micrograph, estim_':_g the
failed to reveal any second phase, but an oxide initial position of the polished surface oi :-he
layer must have been present on the surface. The starting sample. The protection is akin to the
214-X alloy was used both as chips and as slugs, protective oxide layer on the aluminum

The chips were machined coarsely, about 1 to c okware, but the specific mechanism of the
2 mm thick, about 3 to 5 mm wide, and of protection---and its variation---has not bee'a
varying length. Ali the slugs, both of high purity identified.
and of 214-X alloy, were about 9 mm dia and

18 mm long. The capsules were of the same outer More than 100 laboratory experiments have

dimensions, with a 1.5 mm wall thickness, been performed, heating aluminum and allcys
of it in UF e at temperatures in excess of 6_)0 K

Reacted samples for scanning electron microscope but below the melting point of aluminum
examination were mounted in epoxy plastic without obtaining what might be called a
immediately after being removed from the system destructive reaction. These experiments contrtrrn
because the reaction products are themselves the experience of more than 40 years that,
sensitive to moisture. The samples were ground to kinetically, aluminum and its alloys are stable
a midplane in air, and then polished in Freon by in gaseous UF e.
use of a vibratory polisher. A final polish was

made by use of 0.5 micrometer diamond paste. Furthermore, Fig. 3 shows the LIFe can actually
cool hot aluminum. When LIFe (20 torr) is

RESULTS AND DISCUSSION admitted to a system containing a small

UFf-A! Reactioii at High Tem_.*.ratures

Even at temperatures near the melting point of
aluminum, gaseous UF6 reacts slowly with the
metallic aluminum. Figure 2 shows micrographs
of the results of a 30-min heating of aluminum
alloy 214-X in 60 torr (1 torr = 133.322 Pa) UF6
at 863 K. The micrograph on the right shows a
layered structure of AIF 3 on the aluminum
substrate, and a layer of UF4 (the brighter layer)
can be seen between the two components. The
mechanism of reaction is most likely diffusion of
UF6 through the layers of AIF 3 to the reductant ----
(aluminum) and reaction to produce a layer of 20p
UF_ and one of AIF 3

2Al(s) + 3UFf(g) = 2AIF3 + 3UF,(s). (1)

The AIF3 is protective, up to a point. When the
mismatch between the layers stresses the AIF 3
layer beyond its tensile strength, fracture results.
The UF6 can then react with the Lr__ producing a
volatile pentafluoride, UFs. Successive steps

produce the layered structure.

The micrograph on the left of Fig. 2 reveals that

this is not the whole story, however. Reaction 10p
occurs in some places and not in others, and large
differences are seen only a few micrometers I.'lg. 2. Micrograph showing reaction
apart. Clearly, some regions of the alloy are extent on aluminum in 30 min at 590"C

(863 K) and 60 torr UF6 (1 torr = 133.322).
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Fig. S. Measured temperaturesover
47s boats of aluminum alloy chips as a functio.

of UF, pressure.

,150

2 3 , "s 6 7 8 9 to , aluminumslugat 600°C (873 K), the
T,,.,E.,.,,,,, temperature of the slug is observed to steadily

Fig. 3. C, _'-:g of aluminum in UF6at constant decrease, even though the power to the
power, induction heater is kept constant.

Reaction of Aluminum Chipe with UF_

Heating of the aluminumalloy chips
inductively in UF6 gave results which were
pressure dependent. Figure 4 compares samples
that were heated at three different pressures:
25, 100, and 200 torr, shown left to right. In
the boat heated at 25 torr, sagging of the
alumina boat can be detected in the upper left.
(AJumina melts at approximately 2345 K.) The
remarkable difference shown is somewhat
deceptive. The photographershowed only the
ends of the boats, and some reaction was seen
in the center of the boat on the right, although
by no means as much as in the center or
leftmost boat.

The effect of the UF6 pressure on the
•_,_,, temperature measured over the boats of

aluminum at 900 s after heating began is shown
Fig. 4. Reaction of aluminum alloy 214-X chips in Fig. 5. While this is an imprecise
in increasing pressures of UF6. measurementof temperature, there is a clear

trend with UF6 pressure, which is in agreement
with the observations recorded in Fig. 4. Higher
pressures of UF6 clearly interfere with reaction.
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The UF6can actually cool the reaction, as shown temperature rose more than 50°C, whereas
in Fig. 3, which can only be true when the UF6 other times the temperature rose hardly at ali
temperature is cooler than the temperature at the on f'u'st admission of UF6 at about 500°C. This
reacting surface. Further, the heat-producing difference is ascribed to subtle differences in
reaction cannot take place rapidly if protective the surface of the aluminum, but further
layers, as shown in Fig. 2, interfere with the investigation was not successful. Extensive
reaction. Thus, the conclusion seems to follow examination in the SEM failed to reveal any
that protective layers, coupled with actual cooling reaction in the system that could not be
by UF6 prevent or slow reaction except under ascribed to simple reaction of aluminum with
special circumstances. UF6.

Reaction with UOzF2 Only when the melting point of aluminum was
exceeded during this series of experiments was

Admission of moisture, even in small amounts, to a significant, exothermic reaction observed.
the cascades results in the formation of Figure 8 records the abrupt rise in temperature

oxyfluorides of uranium in a reaction that may be as the aluminum melting point is exceeded at
satisfactorily considered for our purposes as about 655°C (928 K). The infrared pyrometer

fails to note an abrupt temperature rise until the
UF_(g) + 2H20(g) = UO2Fz(s)+ 4HF(g). (2) central thermocouple records above 1050 K,

whereupon it also rises rapidly. (The pyrometer
The possible contribution of this reaction to is calibrated at the initial point of these
destructive reactions in the cascades was of experiments by fixing its temperature equal to
interest.

One gram of UOP2 was mixed with 0.1 g of
200-mesh aluminum powder and packed in a .'353

small aluminum capsule. The capsule and its
contents were placed within an eddy current

concentrator, the system was evacuated, usually _:+,- ,_

overnight, and the surrounding box was heated to _" .-- __., _..,-" <.... F,,,OCO_L_100°C (873 K). ... "-
___! -

rr

In initial experiments samples were heated to _ '• (= = SuFIFACE TEMPERATU;qE

600°C (873 K), both in vacuum and in a partial '- 4:5- -__.__..+_.,._,.____.___
atmosphere of UF6. No significant reaction was
ever detected in the six experiments that could be

•:50 I I

attributed to reaction of aluminum with UO2F2. 0 :0 4o ,+oT_P._E5t_cont_s

An interestingreactiondid occur on initial
admission of UF_ to the system. Figure 6 records Fig. 6. Rise in temperature on admission
the rise in temperature, both as measured by a of UF,. Crucible contained UO2F2and
thermocouple in the interior of the capsule and an aluminum powder.
infrared pyrometer focused on the surface of the
capsule, observed when UF6 is admitted to the

system at 500°C (773 K). Figure 7 records the that observed on the chromel-alumel

pressure of the UF6 that appears to rise erratically thermocouple, lt should be noted that the
because admission was performed by hand. Note thermocouple is stainless steel jacketed and the
that the surface temperature reading takes an reaction of the jacket is not only expected, it
immediate drop, which is ascribed to a change in has been observed. However, the stainless
surface emissivity. Note also that the surface steel-UF_ reaction rate is slow and does not
temperature rises only very slightly, whereas the ch,'mgedramatically as one passes the melting
temperature measured by the thermocouple is point of aluminum. Thus, one can conclude that
rising to about 525°C. This portion of the the strong effects are related to the system• n _ _ ,..i

,"-e-............. '-r"_*'.,'-,,,,,,.,.,,,u_ t,._, _u,u being studied, rather than being an artifact of
results were erratic. Sometimes the interior the thermocouple.
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2_ "....... .... Figure 10 reveals the morphology of
• " :" uranium-containing regions, both within the

20 ,2.' A._ "_
,.. aluminum powder particles and within the

- • :" aluminum capsule• The morphology indica,es,.,.li

:_ .:2"." the uranium phase is precipitating on matrix
•". planes during cooling, probably as UAI,.

_0 :.":'" Transmission electron microscopy could reveal
--_•:. which planes were being decorated.

•; ...... - That more than one U-AI phase is present in%-"V-" -" .... ":
"::'...-7"_. the aluminum particles can be deduced from

0 so_ ,0_ 60 the evidence in Fig. 11. The varying shades of
T,MEsecon_ the blocky precipitates in the SEM micrograph,

as well as the varying intensity in both the U-
Fig. 7. Rise in pressure on admission of UF+. and Al-dot maps, indicate a different

Same as Fig. 6. composition. That these were formed at high
temperatures is argued by the blocky shape,
which indicates the two phases are probably
UAI3and UAI2. The phase which precipitated
on cooling is also visible in the micrograph and
is probablyUAI4, the most aluminum-rich
compound.

:,,..-,,+ .:; , ,

'_ A number of reaction products were identified
_'_ during the study, and a number of others were

T"E_MC_P_E==>._ _ deduced.

_- " , , Effects of Impurities

,_,800 _" /Su!RFACE TEMPERATURE

_- _ Previously, the suspected effect of impurities inaluminum on reaction with UF6 was noted. A
6_o i i more direct measure is seen in Figs. 12 and 13.

,o -0 _0 ,0o Figure 12 compares the temperatureTIME seconds

rise of a cylinder of high-purity (99.99%)
Fig. 8. Rise in temperature as capsule aluminum with that of aluminum alloy 214-X

passes through melting point of aluminum, as the separate samples pass through melting•
Same run as Figs. 6 and 7.

High-purity aluminum showed very little
reaction, whereas the alloy showed a sharp

Figure 9 is an SEM micrograph, with elemental temperature rise. Further, the visual appearance
dot maps of the elements of interest, of a partially of the samples after reaction (Fig. 13) shows a
reacted aluminum powder particle in a matrix of dramatic difference. Incidentally, both samples
what used to be UO:,Fz.The AIF3 coating around were easily removed from the supporting
the particle can be most clearly seen in the F dot thermocouple after melting and reaction, again
map. That uranium-containing particles exist indicating the temperature rise is related to the
within the aluminum particle can be readily aluminum rather than to thermocouple-UF6
deduced from the U dot map, as well as from the interaction.
Al dot map. Note the absence of F dots both
within the aluminum particle and within the
"UOp2" matrix.
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F AI

Fig. 9. Aluminum particle partially reacted with UO2F2+ UF,.
Similar experiment as shown in Fig. 8.

DS-4685

Lack of reaction of pure aluminum in UF6 mus_
be related to a protective coating on the
aluminum that prevents attack. The attack on

60_J the impure aluminum must, therefore, be
related to partial destruction of the protective
nature of this coating, an area that needs further

Fig. 10. Morphology of U-AI phase precipitated investigation.
during cooling.
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F Al

Fig. 11.Evidencefor severalU-AI phaseswithin aluminum particles.

owoNo,v_ol_,a2
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• 214-X
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.,._,_,o, pure Al 214x Al

Fig. 12. Comparison of temperature change

in high purity and alloyed aluminum as sample Fig. 13. Visual comparison of samples from
pass through melting point of aluminum in experiment shown in Fig. 12.
UF..
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More on Reaction with Aluminum Chips Since disrupting the surface layer allows an
increased reaction rate, low melting compounds or

Even at high pressures of UF6, reactionoccurred elements might be expected to increase reactivity.
in the boats with aluminum chips. Subsequent to Deposition of UFs, for example, could provide a
the experiments, examination of the residue in the low melting (620 K) compound to disrupt the
boats revealed the presence of UF5condensed in protective layer on aluminum.
the colder regions of the boats. The UF5 can be
easily recognized by its needle-like morphology, The effect of UO2F2on the destructive reactions
and this recognition was confirmed by X-ray in a compressor is analogous to trash piled in the
diffraction of the crystals. Thus, a mechanism for corner of a building. Both contribute to the
rapid reaction of UF6 with the chips can be problem once the conflagration is well under way.
surmised. If UF5can be deposited in the boat, as
was demonstrated, and if this deposition was
present among the aluminum chips as they ACKNOWLEDGMENT
reached the melting point of UFs, then the molten
UF5 could serve as the mechanism for disrupting The submitted manuscript has been authored by
the protective f'dm on the aluminum. This a contractor of the U.S. Government underContract No. DE-AC05-84OR21400.
provides a plausible explanation for the observed
reaction of the chips in UF_. Accordingly, the U.S. Government retains a

nonexclusive royalty-free license to publish or
reproduce the published form of this
contribution, or allow others to do so, for U.S.

SUMMARY Government purposes.

In reactions of UO2F2 with aluminum, only when
the surface layer on the aluminum was breached
by melting was reaction vigorous. Reaction of
UF_ with pure aluminum was also slow, even
with melting. Alloyed aluminum, however,
reacted more vigorously with UFe when melting
occurred. The coating on pure aluminum is more _ submitted manuscript has been authored by a contractor

protective than the coating on alloyed aluminum, of theU.S.GovernmentunderContractNo.DE-AC05-
Gaseous UF6 reacts slowly with solid, alloyed 76OR00001.Accordingly, the U.S.Governmentretainsanonexclusive, royalty-free license to publishor reproducethe
aluminum and large rate variations are observed published form of this contribution, or allow others to do so,

within short distances. Clearly, the outer layer is foru.s. Governmentpu_."
protective at some times and not at others--an
observation that is probablyrelated to impurity
content in the surface layer.



FIRE TESTING OF BARE URANIUM
HEXAFLUORIDE CYLINDERS

William A. Pryor
PAI Corporation

Oak Ridge, Tennessee, USA

ABSTRACT (Harshaw), 5.0-in.-diam x 30-in.-long cylinders of
Monel, and 8-in.-diam x 48-in.-long cylinders of

In 1965, the Oak Ridge Gaseous Diffusion Plant nickel. The cylinders were filled approximately to
(ORGDP), now the K-25 Site, conducted a series the standard UF. f'zlllimits of 5, 55, and 250 lb,
of tests in which bare cylinders of uranium respectively, with° a U-235 content of 0.22%. The
hexafluoride (UF6) were exposed to engulfing oil 5-in.- and 8-in.-diam cylinders were tested
fires for the U.S.-Atomic Energy Commission individually with and without their metal valve
(AEC), now the U.S. Department of Energy covers. For the 3.5-in.-diam Harshaw cylinders and
(DOE). 1 The tests are described and the results, the 5.0-in.-diam cylinder without a valve cover, the
conclusions, and observations are presented. Two valves failed and UFs was released. The remaining
each of the following types of cylinders were tested: cylinders ruptured e_losively in time intervals
3.5-in.-diam x 7.5-in.-iong cylinders of Monel ranging from about 8.5 to 11 rain.

"The submitted manuscript has been authored by a contractor
of the U.S. Government under Contract No. DE-AC05-
76OR00001. Accordingly, the U.S. Government retains •

nonexclusive, royalP/-free license to publish or reproduce the
published form of this contribution, or allow others to do so,
for U.S. Government pu_"
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MEI'AMORPHOSIS: PHASES OF UF6

R. H. Dyer
Oak Ridge Field Office

U. S. Department of Energy
Oak Ridge, Tennessee, United States

A 15-minute videotape is presented. The subject
matter is 150 grams of UF6 sealed in a glass tube. 100

_ ._.- $OUDIFv

Close-up views show the UF_ as phase changes are eo L*OU*,--_ V_,O_/
effected by the addition or removal of heat from eo - muo

the closed system. The solid-to-liquid transition is I _
shown as heat is added, both slowly and rapidly. 4o -

The solid phases which result from freezing and .T.os_._.,c _/ ce.oi,st
from desublimation are contrasted. 20- p_ESsu_E. //--V...

In the solid state, uranium hexafluoride is a nearly- =
white, dense crystalline solid. The appearance of { lo /

8 -- SU|LIMtthis solid depends on whether Jt is formed by
freezing from the liquid or by desublimation from e - / VAPO.
the vapor phase. If frozen from the liquid, the --Lt"

solid particles take the form of irregularly shaped |/ 0uutt,=t
coarse grains, while the solid product of
desublimation tends to be a rather formless mass 2

without individually distinguishable particles. The
changes in state are presented in terms of the UF_ I I / I 1 1 1 l [ 1 I I
phase diagram, eo 8o lD0 _oTE,PE,,TO,EI'O16o (oFle°__o0 22o 24o

Arrangements for obtaining copiesof the tape may PHASEDIAGRAMOFUF6
be made at the conference.
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FIRE EXPOSURE OF EMFFY 3013 CYLINDERS

K. T. Ziehlke

(Subcontract with Uranium Enrichment Organization)*
MJB Technical Associates, Inc.

Knoxville, Tennessee, USA

Cylinders for UF 6handling, transport, and storage a black asphaltic material, evidently the roofing
are designed and built as unfired pressure vessels material that rained down after the warehouse roof
under ASME Boiler and Pressure Vessel Code ignited. One of the cylinders had been located
criteria and standards. They are normally filled with the 10 o'clock position uppermost, judging
and emptied while UF 6 is in its liquid phase, from the patterns of the asphalt residue. The valve
Transport cylinders such as the Model 30B are cover on this cylinder lacked one of the two
designed for service at 200 psi and 250°F, to attachment bolts, and it had sagged out of position
sustain the process conditions which prevail during under the influence of heat from the fire. Both
filling or emptying operations. While in transport, valves were heavily oxidized and were covered with
however, at ambient temperature the UF 6 is solid, a loosely adherent, flaking bluish scale. The
and the cylinder interior is well below atmospheric packing nuts were cracked and the top disc sections
pressure. When the cylinders contain isotopically had separated from the nut bodies. The Teflon
enriched product (above 1.0 percent U-235), they packing had melted and the extruding material was
are transported in protective overpacks which charred.
function to guard the cylinders and their contents
against thermal or mechanical damage in the event A group of photographs of the fire scene were
of possible transport accidents, submitted by the cylinder owner, for use in the

damage assessment. Study of these photographs by
Two bare Model 30B cylinders were accidentally the K-25 Fire Protection Engineering staff
exposed to a storage warehouse fire in which a concluded that floor-area temperatures had
considerable amount of damage was sustained by reached in excess of 1000°F, and roof-area
stored materials and the building structure, as well temperatures may have approached 2000°F prior to
as by the cylinder valves and valve protectors. The roof penetration. These temperatures were of
cylinders were about six years old, and had been short duration, in the range of 30 minutes to one
cleaned, inspected, hydrotested, and re-certified for hour.
service, but were still empty at the time of the fire.
The privately-owned cylinders were transferred to The damaged valves were removed from the
DOE for testing and evaluation of the fire damage, cylinders for laboratory examination and to prepare

the cylinders for hydrostatic testing, lt was
OBSERVATIONS observed that both cylinders were under vacuum,

although this pressure could not be measured.
Visual Examination Following cleaning, inspection, and hydrostatic

testing, UF 6cylinders are normally evacuated to <
When the cylinders were received at the Oak Ridge 5 psia (26 cm Hg) for subsequent filling. A
enrichment plant site (K-25), they were observed to pressure check to verify this pressure serves as a
be covered with a semi-adherent oxide, presumably quality check on cylinder and valve integrity for ali
a result of the fire exposure or the fire-fighting new/cleaned cylinders received for filling at the
efforts. Portions of each cylinder were coated with gaseous diffusion plants.

Rupture Testing
"The submitted manuscript hambeemauthoredby • contractor
of the U.S.GovernmentunderContractNo. DE-AC05-

76OR00001. Accordingly, the U.S. Government retains a Both cylinders were hydrostatically tested to

nonexclusive, royaity-free licease to publish or reproduce the failure. Rupture occurred at 2250 and 2350 psi,
published form of this contribution, or allow others to do so, with a substantial volume expansion, about 30for U.S. Government pu_"

+ Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy.
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percent, prior to rupture. The failures were fully * Although the valves were no longer
ductile, and were longitudinal in orientation, serviceable, the cylinder bodies were not
located near cylinder mid-length, damaged by the fire exposure.

Microstructural Examinations It is also noted that the observed burst pressures
are about eleven times greater than the nameplate

Metallographic sections taken through the packing working pressure for the Model 30B cylinder.
nuts showed the failures to be intergranular. The Both the burst pressure and the 30 percent
failures were probably caused by the hydraulic expansion prior to rupture give a substantial
pressure of the molten Teflon packing, and margin of safety and an assurance of containment
laboratory tests on similar packing showed melting integrity in the event of transport accidents, lt
accompanied by charring (as observed on the should be pointed out in this regard that when this
valves) at about 1000°F. This temperature cylinder contains enriched product, it is always

corresponds to the so-called equicohesive contained in a protective overpack except for
temperature for the aluminum bronze valve alloy, plant-site operations involving filling or emptying.
the temperature at which the tensile failure mode The overpack provides added assurance of safety in
changes from ductile transgranular to brittle transport.
intergranular fracture.

R_ TESTING PROGRAM

The valve protector was made from a mild steel
with a carbon content estimated at 0.05 to 0.10 The Model 30B and ali of the Model 48 cylinders
percent. Available creep data for mild steels for UF6 containment are made from ASTM A516

suggests that the observed deformation must have pressure vessel plate steel. Smaller cylinders for
occurred at a temperature well above 1400°F. The shipment of higher isotopic enrichment levels are
observed partial recrystallization of the ferritic made from nickel or Monel plate, sheet, pipe, or
microstructure is consistent with a temperature of tube. The safety of these cylinders is assured by
about 1600°F.

• the very conservative design practices
No microstructural features noted in the body of employed by the ASME code.
the cylinder indicated anything other than the

expected hot-rolled plate structure. The partially • the use of properly qualified welders and
charred asphalt on the cylinder surfaces indicates welding procedures, developed and
that this portion of the cylinders did not exceed a administered by the codes and monitored
temperature of 700-800°F. by state-licensed inspectors.

CONCLUSIONS • inspection during fabrication prior to

acceptance by the buyer.
From the physical evidence associated with the two

fire-exposed cylinders, it is concluded that • hydrostatic testing at twice the design

pressure prior to afrLxing the code stamp
• Portions of the valve protectors reached to the new cylinder.

temperatures as high as 1600°F.
• establishment of well-defined fill limits.

• The valves reached 1000°F at the time of

failure of the packing nuts. The primary • user inspection for damage before filling,
seal at the valve seat remained intact before shipping, and upon receipt prior to
during and after the fire. filling or emptying.

,_ The cylinder bodies reached temperatured • use of protective shipping packages for ali

no higher than about 800°F during the handling procedures except filling and
fire. emptying, and
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• cleaning, internal inspection, and repeat • upgrading the Model 48 cylinders from
hydrostatic testing at 5-year intervals ASTM A285 to ASTM A516 steel to
during their service life. assure good low-temperature properties

for year-round shipments.
In addition, an ongoing program of design
improvements is based on service and • upgrading A516 steel to a low-sulfur grade
manufacturing experience and on rupture testing of for improved resistance to haadling
cylinders removed from service. Significant damage.
accomplishments of this program, in addition to
demonstrating the inherent conservatism in The program has included ali of the cylinder sizes
cylinder design with respect to the nameplate used in transport of UF6, from fuel materials at ali
working pressures, include: levels of enrichment to normal and partially-

depleted feed in interplant shipments. The table
• the development of the Model 30B design, summarizes the results of these tests.

RUPTURE TEST DATA FOR UF6 CYLINDERS
mn ulm

WALL WOR._ING RUPTURE VOLUME
CYLINDER THICKNESS PRESSURE PRESSURE INCREASE

TYPE MATERIAL inch psi psi %
,,

5A MONEL I/4 200 8250 -

5A MONELw/NICKEL 1/4 200 7950(Avg.of 21
COUPLING 3 Tests)

8A MONEL 3/16 200 2950 -
8B NICKEL 3/16 200 2450 -

12A NlCKEL 0.200 200 2400 30
12B MONEL 0.250 200 2260 53

,,,

30A" A285 STEEL 13/32 250 1250(Avg.of 20""
2 Tests)

30D A516STEEL 1/2 200 2320(Avg.of 34
2 Tests)

480M A205 STEEL 5/16 100 070 9
46Y A516STEEL 5/6 200 1770 6
48A A285STEEL 518 200 1265 .6
48A A285STEEL 5/8 200 1432 16
48G A285STEEL 5/16 100 975 17

"OBSOLETE

*'VOLUME INCREASEDUETO INVERSIONOFCONCAVEHEADSAT INTERNAL
PRESSUREOF900-1,000psi



CONCEPTUAL DESIGN FOR PSP
MOUNTING BRACKET

George Ransom
Rick Stein

Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Piketon, Ohio 45661 USA

ABSTRACT Two bolts at each overpack comer are inserted
from the top through holes in wood trailer planks.

Protective structural packages (PSP's or overpacks) These bolts are retained by a small back-up plate
used to ship 2s,_-ton UFs product cylinders are and two nuts. Because all eight bolts penetrate two

bolted to truck trailers. Ali bolts penetrate two longitudinal rows of wood planks, several overpacks
longitudinal rows of wooden planks. Removal and may be attached to only two planks.
replacement is required at various intervals for

maintenance and routine testing. A conceptual Overpacks must be removed and replaced regularly
design is presented for mounting brackets which for weight verification, and as required for
would securely attach PSP's to trailer frames, maintenance or repair. During replacement, it is
reduce removal and replacement time, and difficult to align overpack mounting holes with
minimize risk of personnel injury, existing holes in the wooden planks. Two people,

one underneath the trailer, and one on top with an
NOMENCLATURE impact wrench, are required to manipulate each nut

and bolt. Due to the awkward position and sound
30A Obsolete model 2_-ton UF6 product amplification, the person under the trailer is

cylinder, exposed to a high risk of physical injury and hearing
loss.

30B Current model 2_/_-ton UF6 product
cylinder. PROPOSED DESIGN

PSP Protective structural package. Figure 2. shows a proposed design for mounting
brackets to be permanently attached to the owner's

21PF-I Type of protective structural package used trailers. Overpacks would be bolted to these
to enclose Model 30A and 30B UF6 brackets which in turn would transfer ali load
product cylinders, directly to the trailer frame for more secure

retention. The proposed brackets contain two sets
EXISTING PRACTICE of mounting holes and slots to match both existing

hole spacings on 21PF-1 overpacks.
Model 30A and 30B UF6 product cylinders are
enclosed in DOT model 21PF-lA or 21PF-IB After initial installation, overpacks could be
protective structural overpacks (PSP's) for shipment removed as necessary with the mounting brackets
by commercial truck. The axes of the enclosed always remaining in place. Only one person,
cylinders and overpacks may be longitudinal or working from the top, would be required to install

transverse with respect to the trailer. As shown in fasteners joining overpacks to the brackets. Hole
Figure 1., packages are mounted longitudinally, on alignment and fastener manipulation would be
dedicated, customer owned trailers_ at the easier and result in faster turnaround. Since no

Portsmouth Gaseous Diffusion Plant. work would be regularly required beneath the
trailer, risk to personnel would be minimized.
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2121PF-I Overpack(PSP)

Back Up plate
ngitudinal trailer

frame member Wood Plank

a) Overall view showing a typical b) Detail of existing mounting
trailer section and existing hardware showing attachment
mounting hardware, to a single wooden plank.

F',_ure 1. Existing overpack mounting arrangement.
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21_IPF-I Overpack(PSP)
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I !

I
I

Wood I I
planks ,

I
I

J s
! I

1

"* * Proposed mounting Trailer cross member
Longitudinal trailer bracket hardware
frame member

a) Overall view showing a typical b) Detail of mounting bracket
trailer section. ?roposed showing positive clamping to
mounting brack_t and PSP. trailer cross members.

Figure2.Proposedoverpackmountingarrangement.



REFURBISHMENT AND MODIFICATION

OF EXISTING PROTECTIVE SHIPPING PACKAGES

(FOR 30-INCH UF 6 CYLINDERS)
PER USDOT SPECIFICATION NO, USA-DOT-21PF-1A

William R. Housholder
President

Nuclear Containers, Incorporated
Elizabethton, Tennessee USA

ABSTRACT silicone gaskets, and the use of RTV silicone
caulking to seal vent plugs, metal to wood

This paper addresses the refurbishment seams in the top half of the overpack, and
procedures for existing shipping containers spaces between intermittent welds attaching
for30-inch diameter UF 6cylinders in reinforcing bars and angle. A most important
accordance with DOT Specification 21PF-1 final step is the establishment of an accurate
and the criteria used to determine rejection new tare weight for each overpack so that
when such packages are unsuitable for future water inleakage can be determined
refurbishment, simply by weighing.

As the major manufacturer of 21PF-1

INTRODUCTION overpacks, Nuclear Containers, Inc. quickly
became the major refurbisher of such
overpacks. Since September, 1988, NCI has

In 1982 several incidents involving water received approximately 600 overpacks for
leakage from 30-inch UF 6 cylinder refurbishment and modification, and others
overpacks highlighted the need for are still being received every month. Of the
improving existing overpacks. In September, overpacks already received, about 400 have
1988, the US Department of Transportation been dried, refurbished, and modified to
issued Specification No. 21PF-lA to cover meet 21PF- lA Specification requirements;
such modifications. These new regulations the remainder have been rejected as
required that ali existing overpacks be dried, candidates for modification and will be

refurbished, and modified to meet scrapped. Some owners ofoverpacks have
Specification 21PF-lA by March 31, 1991. elected to scrap some or ali of their existing

overpacks without attempts at refurbishment
The dryness requirement is that each and modification. Some of the scrapped

overpack half (top and bottom) contain no overpack_, have been replaced with new,
more than 25 pounds of water. Primary upgraded stainless steel models, le. the DOT-
refurbishme.qt steps include sand blasting to 21PF-1B or the NCI-21PF-1.
remove old paint and rust, repair of broken

welds, dents, punctures, etc., repainting, and Prior to September, 1988, there were two to

installation of new vent plugs, pads and three thousand 21PF-1 overpacks in existence
gaskets. Modification requirements include throughout the world. Many of these
installation of metal cover plates over the overpacks were ten to twenty years old, and
wood in the bottom half of each overpack, only about 25% of them will be modified for
the use of plas!ic cap plugs in the vent holes, continued use. The remainder have been
replacement of neoprene gaskets with removed from service and are being replaced
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with new stainless steeloverpacks; so far
about 500 new overpacks have been placed

into service such that today there are only
about 1000 overpacks in service.

REFURBISHMENT & MODIFICATION
PROCESS

Upon receipt of a package for refurbishment

a complete and thorough visual inspection is
completed and ultrasonic thickness readings t

are taken in suspect areas (i.e. corners, ends Figure 1 Package after sand blasting
and pad areas). Acceptable thickness
requirements are given in tile modification
drawings(SIE-3156-J1 Rev. D). After this fit between the top and bottom halves.

inspection, the following procedures are
observed: Weld repairs are made and damaged metal

repaired as required by either welding or by

(a) ali gaskets and pads are removed; filling small dents and punctures with auto
(b) each vent is drilled to ¼" diameter and 2 body putty. (Putty is used because welding
a/a" drain holes are drilled in each of the over foam is not recommended.)

3 '°x 3" x ¼" angle braces on the bottom of
each package; Metal cover plates are installed to encase the
(c) a pre-drying weight is taken; wood in the bottom half of the package using

the approved welding process (Figure 2).(d) the package is placed in a drying oven
operating at 200 ° F for approximately four
weeks; and

(e) the package is rem •,'cd and checked by a

moisture meter inserted through each of the
vent holes.

A package found to be wet is placed back in

the oven for additional drying. When the
package is dry, a post drying weight is taken
and recorded in order to determine the

amount of water loss. Some packages havz
lost in excess of 400 pounds per half, but
typical weight loss has been 100 to 200

pounds per package. Figure 2 Metal cover plates installed

Packages are then sand blasted to clean the

metal (Figure 1) and given a complete visual Each package half is then painted with one
inspection for deterioration and any needed coat of zinc chromate epoxy primer and two
weld repairs, coats of automotive urethane enamel. Gaskets

and pads are then installed using silicone

RTV adhesive (Figures 3 & 4) and a coat ofAli exposed wood is coated with intumescent
fire retardant paint. Prior to painting, intumescent fire retardant paint is applied to

the bottom metal cover and to the exposedwooden step joints are inspected to assure
flatness within 1/16" in order to ensure a good wood in the top half.
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Cap plugs are installed in ali vent holes by
filling the hole with silicone RTV caulking,
inserting the plug, then removing excess
caulking. Ali seams between the wooden rails
and metal flanges of the cover, and ali skip
welds (seen in Figure 5) joining reinforced
angles and bars to the outer shells where
water may accumulate are also sealed.

Each half is then weighed as required
including ali bolts, nameplates and shackles.

The package is then assembled using B7 bolts,
2H nuts, flat washers and cotter pins.

Figure 3 Bottom gaskets The refurbished package is weighed (Figure
6) and the weights are recorded on the QA
Inspection Report.

A new nameplate is installed showing the
newly established tare weights from which
future judgements can be made in reference

Figure 4 Inner shell pads

Figure 6 Weight recorded for QA
Inspection Report

Figure 5 Finished Exterior
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deteriorated wood cannot be removed without

serious damage to the overpack.to the 25 pound weight gain per half as
mandated by DO_. ,. _ ,. _

To this date approximately 400 packages
have been refurbished and modified to meet

the requirements of DOT 21PF-lA.

REJECTION

The primary causes for rejection of
overpacks for refurbishment and
modification to 21PF-lA Specification
requirements are as follows:

Figure 8 Corrosion from contact with
(a) Serious damage or punctures that require wet foam
welding over the foam insulation; to ensure
sound welds over foam is virtually
impossible. In addition, some overpacks which were

manufactured abroad were never in

(b) Excessive corr,gsion in areas where compliance with 21PF-1 Specification
patching with sheet .,r_etal is impractical such requirements to begin with. Typical
as those areas which would require welding deficiencies found in such overpacks
over foam. Typical areas for such corrosion included:
include surfaces under the rubber pads

(1) Wooden rails which were spliced together
from small pieces of wood (Figure 9); some

Figure 7 Corrosion under pad

Figure 9 Spliced wooden rails
(Figure 7), sheet metal near and under angle
reinforcements and corner welds, and sheet
metal which has been in constant contact were obviously made with wood other than
with wet wood or foam (Figure 8). oak or hard maple.

(c) Excessive deterioration and rotting of (2) Improperly in._tailed foam as indicated by
wooden components other than exposed large voids in the foam and large areas of
wooden rails which can be replaced. Such incomplete filling with foam. Upon
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dismantling some of theseoverpacks for (3) Upon drying, many of theseoverpacks
scrapping, the foam itself has been found to which were manufactured abroad experience
be suspect in that it is much more flammable separation of the inner shells from the body
than the SP-9 phenolic foam specified for of the overpack (Figure 10); this can only
the_e overpacks, happen if the inner shells were initially

improperly installed.

None of the above deficiencies are practical
to repair and ali such overpacks have been
rejected with the recommendation that they

_. be scrapped.

So far NCI has rejected about 200 out of
approximately 600 overpacks received for

_i::i_-_ _; _=_/...... refurbishment and modification. Some

overpacks, those which have received proper
care and maintenance over the years, are still
in excellent condition after as much as 20

years service. However, there seems to be a
general relationship of overpack age to

Figure 10 Inner shell separation rejection rate as shown in Figure 11 which
covers ali overpacks r eived by NCI.

% Removed from Service
50

40

30

20

10

0 I 1 1
0 5 10 15 20

Years

Figure 11 Relationship between age of packages
and rejection and removal from service



UF 6 TIEDOWNS FOR TRUCK TRANSPORT
RIGHT WAY/WRONG WAY

F. W. Stout, Jr.
Design Specialist

Martin Marietta Energy Systems, Inc.
Oak Ridge, Tennessee USA

AB._-'TRACT REGUI_TORY REQUIREMEN'_

Tiedown systems for truck transport of UF_ Three federal regulatory agencies have
must be defined and controlled to assure the published requirements for certifying
least risk for hauling the material over the packaging and for designing tiedowns for
highways. This paper and an associated poster truck trans?ort of radioactive materials when
display will present the curreni, status of being hauled over the nation's highways. The
regulatory criteria for tiedowns, analyze the Nuclear Regulatory Commission 1 (NRC), the
structural stresses involved in tiedowns for two Department of Energy 2 (DOE), and the
major UF6 packaging systems, the 21PF series Department of Transportation 3 (DOT) each
of overpacks and the 48 in. diameter shipping specify certain requirements for these
cylinders, and will present photographs packages and for tiedowns to the transport
showing some "right ways" and some "wrong vehicle. Also the International Atomic
(or risky) ways" currently used for tiedown Energy Agency4 (IAEA) has published
systems. Risky tiedown methods must be requirements for tiedowns which must be
replaced with safer less risky methods to insure complied with for international shipments
the safe transport of UF 6. and for shipments in states where IAEA

regulations have been adopted. 5

INTRODUCTION The American National Standards Institute

(ANSI) has recognized a need for standards
Safe shipments of uranium hexafluoride (UF6) defining tiedown requirements 6and defining
by truck transport are an essential part of the requirements for design, fabrication, and
nuclear power industry in the United States maintenance of semitrailers 7 to assure an
and in maroy countries of the world. Safe acceptable level of risk in transporting
packaging is being improved, package c_: _:_inradioactive materials. Although these
maintenance is being much improved with ANSI standards are not regulatory
requirements for periodic inspections, and a requirements, they very likely will be adopted
new ANSI Standard (N14.30) for properly by the regulatory agencies. Applicable
designed and maintained semitrailers for regulatory requirements for NRC, DOE,
transport of UF 6 is nearly a reality. The issue DOT and IAEA will be provided in the
of tiedowns (attaching the packages to the poster displays.
transport vehicle) remains a concern in
upgrading to a safe and reliable transport
system. ANSI N14.2 defining tiedown design
criteria is currently being promulgated.

* Managed by Martin Marietta Energy Systems, Inc., for the U.S. Depm_ent of Energy.
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AMERICAN NATIONAL STANDARDS The maximum tensile load for each bolt is
IN_ (ANSI) 1970 lb. and the maximum shear load for

each bolt is 2473 lb. The bolts can withstand

ANSI has assigned a writing group to develop these loads very weil. The main concern is
ANSI Standard N14.2 defining tiedowns for to attach the packages to the transport
truck transport of UF6.6The standard is being vehicle at a point sufficiently strong to
refined and is close to being completed. The withstand the loads. Generally if a package is
design load factors for tiedowns have been a attached only to the wooden deck,
controversial issue but have been established weathering of the wood and corrosion of
now at: attachments of the wood to the truck

framing can reduce its capability below the
Direction Design Loads required strength. This type attachment is
Longitudinal 2.3 X package weight forbidden in the DOE tiedown requirement.
Transverse 1.6 X package weight If the package is attached to the metal
Vertical 2.0 X package weight framing, sufficient strength and reliability can

be assured. Photograph set A depicts a
The tiedowns require a preload sufficient to semitrailer with four 21PF-1 packages
eliminate slack, mounted and attached to the badly

weathered wood deck. The framing below is
The foregoing factors are slightly more badly corroded, qlais has very questionable
stringent than the factors for current structural strength and is ir,adequ_'te for UF_
regulatory requirements and a little less shipments. Ph;.)tograph set B dep cts a
stringent than tiedown attachment points for semitrailer with four 21PF-1 pac.<ages
the semitrailers in ANSI N14.307. These are mounted and attached to the main framing
the factors that will be used in calculating members with bolts, heavy plates, and welded
tiedown loads, joints. This tiedown system provides

adeq'mte structural strength with good
reliability - a right way for tiedowns of UF6

Calculations for tiedown loads of 21PF-lA and shipments.
1B overpacks.

Maximum gross weight of loaded overpack - Calculations for tiedown loads of a 14-ton
8600 lb. UF 6cylinder

In acco-Aance with ANSI N14.26, tiedown Total weight of a filled model 484 cylinder is
system load factors are" 32760 lb.

Direction Design Loads These cylinders are always loaded on a
Longitudinal 2.3 X package weight transport vehicle with the longitudinal axis
Transverse 1.6 X package weight parallel to the direction of travel. The
Vertical 2.0 X package weight tiedown load factors from ANSI N14.2 are

defined in the foregoing discussion. The
The overpacks are placed on the truck bed one resultant tiedown loads for or,e transport
of two ways, with the longitudinal axis of the system (by Davis Transport Co., Paducah,
package parallel or transverse to the direction KY) for 14-ton cylinders are shown in Fig. 2.
of travel of the truck. The worst case for the

tiedown system is with the longitudinal axis of The maximum tensile load to each tiedown
the overpack transverse to the direction of strap is 8190 lb. and occurs when the 2.0 X
truck travel. The resultant tiedown loads are weight vertical force is applied to the
shown in Fig. 1. cylinder. The maximum shear load of 75348

lb. from the 2.3 X weight longitudinal force
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is resisted by the stiffening ring against the required to eliminate slack applies an
saddle and has little effect on the tiedown insignificant additional load to the 8190 lb.
straps. Photograph set C depicts part of a tensile load.
dedicated semitrailer loaded with an empty 10
ton UF 6cylinder which illustrates how the
tiedown straps are applied to the cylinder and SUMMARY
attached to the semitrailer main frame. The

14-ton cylinder would be attached similarly, Safe shipping of UF 6by truck is an essential
but a third tiedown strap is used providing a part of the nuclear power industry, and proper
larger safety factor. Each tiedown strap is made tiedowns on the conveyance are essenlial to
of nylon with a certified minimum breaking that shipping system. The industry must use
strength of 20000 lb. providing a safety factor tiedown methods with the least risk to

above the 8190 lb. required. The straps are minimize the possibdity of a transport
attached to a hook on one end and a winch on accident. The nt,clear industry is encouraged
the other. The hooks and winches are each to support adeouate and effective tiedown
welded to the semitrailer main frame thereby standards as we I as the other safety measures
transmitting the tiedown loads direl:tly to the for packages and semitrailers.
main frame. A small preload on the straps
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CALCULATIONS FOR TIEDOWN OF 21PF-lA OR -IB OVERPACKS,
USING ANSI NI4.2 REOUIRENENTS (REFERENCE 6) WT OF 21PF-lA OR-IB=8600 LBS.

LOADS IN TIEDOWNS= LONGITUDINAL: 2.3 X PACKAGE WEIGHT WITH A FILLED CYLINDER
(LOADS APPLIED AT CG) LATERAL: 1.6 X PACKAGE WEIGHT

VERTICAL: 2.0 X PACKAGE WEIGHT

WORSTCASE: PACKAGEMOUNTEDWITH AXIS TRANSVERSETO DIRECTION OF TRAVEL.
TIEDOWN LOAD = 2.3W LONGITUDINAL

TRAVEL_

i 2.3W = 2.3(8600)

CG

2.3(8600) = 9890#,
2 9890#

OR 2473#/BOLT R'I_..40"C-CBOLTS.._I• 2473#/BOLT
i'",,,=t

MR2= 40RI = 2.3(8600)24_- 8600(40) = 315083
8 2

RI = 315083 = 7877 FOR 2 SUPPORT FEET
4O

RI , 7877 = 3939 PER SUPPORT FOOT (2 BOLTS)
2 2

OR 3939 = 1970 LB. TENSION PER BOLT
2 (CONTROLS)

LOAD _N SHEAR= 9890 = 2473 LB PER BOLT

TIEDONN LOAD = 2W VERTICAL= 2(8600)-8600 = 8600

R.....L.I, 8600 = 2150 PER SUPPORT FOOT (2 BOLTS)
2 4

TENSION LOAD= 2150 = 1075 LB. PER BOLT < 1970
2

FOR A325 OR A449 BOLTS, 3/4" DIA.: PER AISC, ALLOWABLE TENSION = 19400 LB. > 1970 OK.

ALLOWABLE SHEAR = 7510 LB. > 2473 OK.

2ND CASE: PACKAGE MOUNTED WITH AXIS PARALLEL TO DIRECTION OF TRAVEL.
TIEDOWN LOAD = 2.3W LONGITUDINAL

TRAVEL_

ce 2 3w 2.3W = 2.3(8600L

w ;4

-2.318600) = 98900 _ "C-C BOLTPAZ_ 'r 9890#2 y

R3 R4

_" MR4:58R3 = 2.3(8600)(24 5/8] - 8600(58) = 237,683
2

R'3 = 237683 = 4098 FOR ONE BASE WITH 4 BOLTS
58

= 1025 LB. PER BOLT < 19400 OK.

LOAD IN SHEAR z 9890 = 2473 LB PER BOLT < 7510 OK.
4

TIEDOWN LOAD = 2W VERTICAL- SEE ABOVE, TENSION LOAD = 1075 LB. PER BOLT < 19400 OK.

FIGURE I . TIEDOWN LOADS FOP 21PF-lA OF;? -IB OVEPPACKS.
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CALCULATION OF TIEDOWN LOADS FOR 14 TON UF6 CYLINDER
USING ANSI N14.2 TIED0WN REQUIREMENTS

TIEDOWN LOAD: 2.3W LONGITUDINAL FORCE / WT14=TO_32760FILLEDLBCYLINDER

_2.3W =2.3 (3276( )CG
NYLONTIEDO_

PRooFSTRAPLOAD)(20000LB W=32760 ,'o_' "
SaDOLE

=75348 _.

-_ -_ R, R,

2HR2 2.3(32760)(2.}-4.83R I-(32760)(2.42)=0

4.83RI = 2.3(32760)(2) - (32760)(2.42)=7,417

RI = 714,7 =,4786 LB.
4.83

RI 14786 7393 LB = LOAD TO TIEDO_ STRAP
2 2

SHEAR LOAD AT BOTTOH OF CYLINDER IS RESISTED BY THE STIFFENING RING
AGAINST THE SADDLE AN._ HAS LITTLE EFFECT ON TIEDOWN STRAPS.

TIEDOWN LOAD: 2W VERTICAL FORCE

2 ( 32760 ) -32760= 32760

RI 32760 = 8190 LB. LOAD TO TIEDOWN STRAP (CONTROLS)
2 4

qO000 LB. STRAP ADDS AN EXTRA FACTOR OF SAFETY

FIGURE 2. TIEDOWN LOADS FOR 14 TON UF. CYLINDER
b
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IMPLEMENTATION OF CONDUCT OF OPERATIONS AT
PADUCAH URANIUM HEXAFLUORIDE (UF,) SAMPLING AND

TRANSFER FACILITY

S. R. Penrod

Operations Departmeat Head
Paducah Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Paducah, Kentucky USA

ABSTRACT (INPO). Conduct of Operations covers many
operating practices and is intended to provide

This paper describes the initial planning and formality and discipline to ali aspects of plant
actual field activities associated with the operation. The implementation of these
implementation of "Conduct of Operations." operating principles at the UF6 Sampling and
Conduct of Operations is an operating Transfer Facility resulted in significant
philosophy that was developed through the improvements in facility operations.
Imtitute of Nuclear Power Operations

"Thesubmittednuamscriplhambeenauthoredbyacoalrnclor
of theU.S.GovernmentunderContractNo. DE-ACOS-

?60RO0_I. Accordingly, the UX Ooverament retains a
moaexdusive, royally.free iiceme to publish or reproduce the
publi.u,ed form of this ¢oa/ributloa, or allow others to do so,
forU.S. Governtanentpurpoams."
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CYLINDER VALVE PACKING NIYI' STUDIES

S. C. Blue

Martin Marietta Energy Systems, Inc.
Paducah Gaseous Diffusion Plant

Paducah, Kentucky USA

ABSTRACT usually occurred at the top of the nut through the
intergranular network of the alloy, Figures 1

The design, manufacture, and use of cylinder and 2. The intergranular failures were ascribed

valve packing nuts have been studied to improve to a stress corrosion mechanism. The following
their resistance to failure from stress corrosion paper describes studies undertaken to control the
cracking. Stress frozen photoelastic models have causes of the infrequent failures of the one-inch
been analyzed to measure the stress packing nut.
concentrations at observed points of failure. The
load effects induced by assembly torque and
thermal expansion of stem packing were observed
by strain gaging nuts. The effects of finishing
operations and heat treatment were studied by the

strain gage hole boring and X-ray methods.
Modifications of manufacturing and operation
practices are reducing the frequency of stress
corrosion failures.

INTRODUCTION

The current design of the one-inch cylinder valve
originated in the early 1950's when the Chlorine
Institute initiated a design and materials study to
correct serious problems with the two-piece

copper-zinc alloy valve body used by the chlorine
producers and the U.S. enrichment plants.
Details of the investigations conducted at Oak
Ridge are described in References 1 and 2.
Valve body failures were eliminated with the
adoption of the one-piece body and a sl_le phase

aluminum bronze alloy. The production and use Figure 1. Stress corrosion failure of
of tens of thousands of these valves has revealed cylinder valve packing nut.
only isolated quality problems that have been
investigated and corrected by the uranium
enrichment industry. Instances of stress corrosion
cracking failures of the one-inch cylinder _,alve
packing nut have been observed since the current
valve design and alloy (C63600) was adopted.
With only a few exceptions these failures were
considered to be of a random nature. The failures
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_:. - ; . cylinders, the cracking incidence was zero where

_: ,_,, _, _ _ a , ali valve nuts were either produced after the

" '_ _'_ "' "' 2 '_ treatment was specified or removed and stress

....-:)i_,:' _- .C,-, _,_q relieved.

_,,,' , ; Jill ,,:!,. _ ,, -*_ Residual stresses are measured to monitor the

/ _/ .-, ,.__,_ , _,: _,t_#' effect of stress relief treatments and investigate
._ * "" • ::_ _"i _," _"jlm ,_, service failures. The measurements are usually

,_ 3;_ _t _ made by the hole-drilling method (ASTM E837)
_*-*__ using special rosette strain gages bonded to the

,:_,-_/._"s",,'_'_¢'_! side of the nut, Figure 3. The center of the gages• _l_ _" ..,_&_--,'

"¢_4_: ,:' , . _:._.,_: are drilled at incremental depths of 5 mils and the
....... ,';/ _ "_" i,_ strain data is converted to equivalent stresses. _ Inone of the investigations, cracked nuts were

discovered when new valves were taken from

their original packing boxes. For an unknown
...._" reason, the surfaces of the nuts had been sanded.

High compressive stresses were found in and
below the sanded surface, Figure 4. Another
sanded nut was analyzed after it had been stress
relieved at 700*F. The treatment significantly
reduced the level of residual stress. Similar tests

of samples from a shipment of replacement nuts
confirmed that they had been stress relieved.

Figure 2. Cross section of intergranular
fillet crack.

EFFECT OF RESIDUAL STRESSES

Residual stress appears to play a significant role

in the corrosion cracking of the cylinder valve . .,.,,.,
packing nut) These stresses are introduced ""_"-_: ". _,;_.;

./ .., .._,.

during the straightening of mill stock or ., : .i:_;':
machining and finishing operations of the nut. -. :. =-.,_-_-
The influence of residual stresses and the .:__,.7,,_:.__,:

beneficial effect of controlling them can be seen
in the comparison of the instance of cracking after
inspection of storage yards containing depleted
material. In a yard of 7,000 cylinders, mostly , ,os,rt .oT_0 ,c_
filled before the stress relief treatment was

required, 0.3 % of the valve nuts were cracked. STRAIN6AGEROSETTEARRANGEMENTFOR
In a larger yard of 35,000 cylinders, 60 % filled DETERMININGRESIDUALSTRESSES
after initiation of treatment, only 0.03 % of the
nuts were cracked, and in a yard of 12,000 Figure 3.
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MEASUREMENTOF RESIDUALSTRESSESBYTHE
HOLE-DRILLINGSTRAINGAGEMETHOD OPERATIONAL PRACTICE

Figure 4. Manufacturing and operational practices such as
assembly of the valve, retightening the nut, and

The compressive stresses near the external surface heating the valve produce stresses in the nut and
should be balanced by residual tensile stresses at result in stress corrosion cracking if they are not
a lower depth. This was confirmed when the limited. Strain gages were mounted on a side
residual stress level was measured by the X-ray face of the nut at a location where external

method at successive depths after the surface had compressive stresses are produced by the upward
been chemically removed, Figure 5. The residual deflection of the top. This location was chosen

stress induced when the nut was machined from a because it was impossible to apply gages on the
mill shape intensified when the sides were inside surface where the nut was yielding and the
sanded. Since the depth of the analyzed material cracks were initiating. Experimentation indicated
is only a fraction of a rail, the profile of residual that the maximum longitudinal compressive stress
gradients can be accurately detected. The was approximately 1.30 inches above the bottom
incremental removal of surface material also edge of the nut. The instrumentated nut was put
permits detection of changes of the sign of on a valve and the strain gage signal was
subsurface stresses. The internal tensile stresses recorded as the torque was increased. Photo-
will be intensified by concentration points such as elastic analysis of models of the nut have
thread roots and the fillet between the side wall indicated that the interior tensile stresses in the
and top of the nut. fillet and root of the first thread are three times

the magnitude of the external recorded

compressive strain that is generated by the
upward deflection of the top of the nut.
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The level of tensile stress (about 15 ksi) in the DESIGN ANALYSIS

fillet after typical torque of 150 ft-lbs would be
only a small fraction of the yield strength of the Service failures of packing nuts originate at the
extruded stock used for packing nuts. The internal stress concentrations shown in Figure 7.
stresses that induce the corrosion cracking failures Because of the inaccessibility to the concentration
and deform the nuts are generated by sources points, the traditional tools of experimental stress
such as residual stresses and the thermal analysis such strain gages or photoelastic coatings
expansion of the teflon packing against the cannot be used to measure strains at crack

packing follower that is in contact with the top of initiation sites. Strain measurements of the
the nut. The effect of a typical thermal cycle, external surface will only record the compressive
such as autoclave heating, was investigated by strains generated as the top bends upward. In
assembling valves with strain gaged nuts and order to overcome this problem, photoelastic
heating them in a )aboratory oven. s The increase models are being used to locate and measure the
in the compressive strain was constant over a tensile strains on the internal surface. Full-scale
range of _sembly torque, Figure 6. At the models are machined from a special epoxy
interior stress concentration points, the tensile formulated for the stress freezing method and
stress may exceed 50 ksi and permanent stressed with the loading fixture show in
deformation of softer nuts may occur. Figure 8. Analysis of slices from stress frozen

models of the standard nut indicate that the stress
concentrations in the fillet and root of the first

thread are about equal and the tensile stresses are
approximately three times the absolute value of,2 / I i

i _ _ the maximum external compressive surface strain.

_- 08 i ....... i

2250- 07 , t i
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Figure 7.
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CORRECTIVE ACTIONS

_, PACKINGFOt_0WE, The investigations of residual, assembly, and
:,: --'---'- thermal induced stresses have prompted the

_! i_/_ introduction of changes which are reducing the
_ ...___ vAtv_.oer incidences of failures of the one-inch packing nut.

to require a 700°F stress relief of the
,_,: manufactured nut. This treatment will remove

NUT(PLASTIC) 75 % of the maximum stress without softening the
_ alloy below 80HRB. The maximum torque that

PLASTICNUTANDSUPPORT/LOADINGSYSTEM can be used to retighten the packing nut has been
reduced to less than 100 ft-lbs. Lower torque
levels can also be used if the leak tightness of a

I g .... ..... valve can be verified before the initiation of a

III _ ,-"T_ ! material transfer. Accep,able leak tightness can

® be achieved at 60 ft-lbs.

® L-_:-<
' CONCLUSION

1. wm.r .UCKtr The susceptibility of the one-inch packing nut to2. tOAmGAa.
3. SUPPORTCYLINDER
4. cou,rtawzm,r failure from stress corrosion cracking can be
S. CENTERINGBALL
e. ptArrO., reduced by limiting the total stress that a material
r. coA_,_GA_,sup_oar element may experience at any point in it's life

PHOTOELASTICLOADINGFRAME cycle. Experience gained through the
investigation of cracked nuts and the analysis of

Figure 8. working stresses has indicated that thermal stress
relief of both mill stock and finished nuts and

The compressive stress levels measured on the reduction of assembly and retightening torque
side faces of nuts are indicative of 14 to 16 ksi should control the failure rate to the extent that

tensile stresses in the fillet and thread root at a cracking of the nuts manufactured from C6360 is
nut torque level of 150 ft-lbs. This is an vi .r_ally eliminated. With the adoption of a
insignificant stress representing only about 25 % 700*F heat treatment and a lower torque limit for

of the yield strength of the packing nut stock, retightening nuts, the U.S. diffusion plants are
However, residual stresses in unrelieved stock presently operating without reports of new
could be intensified to the material's yield point failures. However, it must be emphasized that
after the nut is machir_ed to shape. The strains the selection of any material and control of
generated by the thermal expansion of the packing manufacturing and operational procedures will not
will also be magnified in the fillet and thread fully eliminate the possibility of failure.
root. The investigation of photoelastic models is Inspection and operational testing programs must
to be extended to include designs that might be established and followed to minimize the

reduce the stress concentrations at both the fillet failure of a component like the packing nut.
and first thread root.
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TESTING OF ONE-INCH UF 6 CYLINDER VALVES UNDER
SIMULATED FIRE CONDITIONS

P. G. Elliott
Mech. Tech./Matls. Lab Section I-. _ad

Martin Marietta Energy Systems, Inc.
Paducah Gaseous Diffusion Plant

Paducah, Kentucky USA

ABSTRACT obvious that additional data regarding its behavior
at high temperatures was needed. Consequently,

Accurate computational models which predict the PGDP implemented high temperature testing of
behavior of UFe cylinders exposed to fires are UF6 cylinder valves in April of 1990. These tests
required to validate existing firefighting and were conducted in support of a UF6 cylinder fire
emergency response procedures. Since the study by S. Park at the Oak Ridge K-25 site.
cylinder valve is a factor in the containment The objective of such testing was to determine the
provided by the UF6 cylinder, its behavior under leakage and behavior of cylinder valves when
fire conditions has been a necessary assumption in exposed to temperatures near 1450 ° F and

the development of such models. Consequently, pressures up to 2000 psig.
test data is needed to substantiate these

assumptions.
TEST SYSTEM

Several studies cited in this do:ument provide
data related to the behavior of a 1-inch UFe Figure 1 provides photographs of PGDP's UF6
cylinder valve in fire situations. To acquire cylinder valve test system. The basic components
additional data, a series of tests were conducted at of the test system include: (1) a 14-foot run of
the Paducah Gaseous Diffusion Plant (PGDP) high pressure piping, terminated at one end by a
under a unique set of test conditions. This coupling for attachment of a 1-inch UF6 cylinder

document describes this testing and the resulting valve, and terminated at the opposite end by
data. connections for the high pressure nitrogen

cylinders which feed the system; (2) the high

pressure nitrogen cylinders; (3) a turbine-type
INTRODUCTION flowmeter and pressure transducer located near

the nitrogen cylinder end of the piping; (4) a
At the "Uranium Hexafluoride--Safe Handling, hot-wire type flowmeter which is employed at

Processing, and Transporting Conference" of pressures below 250 pounds per square inch gage
1988, the need for UF6 cylinder fire tests at (psig); (5) a tube furnace for heating the cylinder

temperatures near 800 °C was identified in _ valve; and (6) a datalogger. Sets of dual
report by B. Duret and P. Wamiez (1). They thermocouples are attached to the cylinder valve
indicated that the leakage of the cylinder valve outlet port cap and other areas of the test system
should be measured as a part of this proposed to provide a means of measuring and controlling

testing. Others at that conference, including M. the temperatures of testing.
Suzuki et al., (2), W. Williams (3), and
H. Yamakawa et al., (4), also reported on related
UF6 fire studies. The cylinder valve was of
secondary concern in these studies, and it was
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Figure 1. PGDP Test System.

GENERAL TEST PROCEDURES TESt SERIES I - VALVE LEAKAGE AT
1450°F

A new 1-inch cylinder valve was used to initiate
each test series described herein. Prior to testing, The intent of this series w_ to determine cylinder
ali Teflon materials (packing and outlet cap seal) valve leakage at pressures ranging from 50 to
were removed from each cylinder valve, after 2000 psig, while maintaining the cylinder valve
which the packing nut and outlet port cap were temperature relatively constant between 1450°F

reinstalled hand-tight. Each valve was install_ in 1300°F, Cylinder valve leakage is defined as the
the test system coupling with 200 to 400 sum of leakage through the valve seat and leakage
foot-pounds (ft-lbs) of torque and a thread through the tinned threads of the valve's inlet
engagement of 7 to 12 threads. Before initiation port. This paper reports such leakage in units of

of a test series, each valve was also seated with standard cubic feet per minute (scfin). This
55 ft-lbs of torque applied to the stem. Due to particular series was conducted twice, with the
the gross leakage of the cylinder valve at 1450°F installation of a new cylind_r valve initiating each
and the cooling effects this produced, series, and the results were similar. In each case,
pressurization of the test system piping with high leakage appeared to be lizn.ited to 10 scfm

pressure nitrogen was generally limited to the nitrogen, until gross deformation and complete
time span required to obtain a stable reading from failure of the cylinder • _ve outlet port cap
the system's flowmeters. The nitrogen feed was occurred as pressures were incremented past the
also interrupted when the cooling effects of 1000 psig level. Just prior to complete failure of

leaking nitrogen dropped the cylinder valve the cylinder valve outlet port cap, leakage ranged
temperature below the 1300°F level, from 20 to 40 scfm. The maximum leakage after

failure of the cap was 102 scfm. Figure 2
provides data from this series of tests. Figure 3
provide a photograph of a failed outlet port cap.
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'-,_,g,, conditions; it is the outlet cap which limits
{SCF_ }

_ooo.oo leakage. Another deduction arising from the
outlet cap failure concerns the mating Acme

_oo.oo -" • threadsof the valve stem and valve body. In
t3 order for there to be a pressure build-upin the

10. O0

3 _ valve body sufficient to fail the outlet cap, these
n[_ 1_1:3 .... mating threads must seal effectively at high

1.oo /x

temperatures.
0.I0

n

o.ol TEST SERIES H - VALVE LEAKAGE
FROM 2000F TO 16000F

" O0

400 800 1200

_.t, ....... (Pstr) The intent of this series was to determine leakage

/',R-r_,_r,,t O_,ltL,l r,,t at temperatures which ranged from 2000F to
0arkdatapotntalndi.catecapfat.l.... 1600*F. A test pressure of 250 psig was used

throughout this series. This series was only
conducted once. Table 1 provides selected data

Figure 2 Test Series I data. from this series. Note that significant inca'eases
in leakage occur near 800*F and 1200*F. A
maximum leakage of 10.26 scfm occurred at
1387"F.

lt may be important to note that this data does not
indicate any increase in leakage as _he
temperature exceeds the 421"F liquidus
temperature of the 50/50 lead-tin solder used to
tin the valve's inlet port threads. Thi_ implies
that leakage through the inlet port threads at
elevated temperatures may be only a small
percentage of total leakage.

Table 1. Test Series II Data

Elapsed Valve Le_- System
Tit:_ Temp. age Press.

Figure 3. Failed outlet port cap. (man.) (F) (sefm) (psig)

The failure of the cylinder valve outlet cap had 0 207 .052 247
not been anticipated, but the fact that it did fail 8 416 .057 246

provided rather significant information. In a fire 16 595 .059 246
which exposes the cylinder valve to the pressures :;6 780 .431 226
and temperature extremes of the described testing, 65 1003 .509 249
the cylinder valve outlet port cap will probably be 73 1214 7.87 248
the first component to experience total failure. 92 1416 9.32 229
Also, the significant increase in leakage after 102 1601 5.12 257
outlet cap failure indicates that the valve seat is
not the primary factor in limiting leakage at test
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TEAT SERIES H1 - VALVE BEHAVIOR AT lprel_st'g (FSlG)

1450"F AND 2000 PSIG ..-,- ...... ,,, ...._,

__ 100.o0

The intent of this test series was to determine the ! i ! " '+ I

effect of 1450"F and 2000 pt;ig on the cylinder ;_ : !

valve body. Due to outlet cap failures, no valve 1,** _ ,***
had actually experienced the combined pressure J
and temperature extremes of the planned testing. _'** - '*** •
One of the effects anticipated was that the lead-tin
solder used to tin the valve body's threaded inlet ,** ,,.**
port would fail the body by liquid metal

embrittlement. In order to provide a valid test of _11 [ [_ [ I_ li I!]

this hypothesis, it was essential tlmt a cylinder ,** _ 2°.,0
valve be exposed to the test extreme. This test
series was conducted only once. ° ,.**

0 40 60 120 160 200 240 2110

In order to sustain test pressures near 2000 psig, ,_..., ,..,, ...... ,...,. ,,,. ...... bo.-, ,1..... ,+,.,
a new cylinder valve was equipped with a special

steel outlet cap that incorporated a soft copper Figure 4. Test Series III data.
gasket. This valve was subjected to a sequence
of test cycles, which consisted of heating the
valve to 14500F, introducing nitrogen until the
system pressure reached 2000 psig, and holding
this pressure until the valve temperature dropped
to 1300*F due to the cooling effect of the leaking
r_itrogen. After valving-off the nitrogen and
allowing the valve to recover to 1450"F, the test
cycle was repeated. Generally, 1300*F occurred
within 30 seconds after the introduction of

nitrogen.

After a total of eight cycles in which leakage
increased from the 40.00 scfm level to the 90.00

scfm level, the test was discontinued due to the

accelerated cooling rate of the valve.
Examination of the valve revealed gross
deformation of the valve body. This destroyed the
effectiveness of the soft copper gasket which

sealed the valve outlet. Figure 4 provides data
from this test. Figure 5 provides photographs
which illustrate the valve body's gross
deformation. Figure 5. Deformed valve body.

The CDA 636 aluminum bronze alloy valve body
did not fail due to liquid metal embrittlement.
Metallurgical examination revealed that there was

weakening of the valve body's grain structure by
solder penetration, but the body remained intact.
A photomicrograph which illustrates the typical
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nature of this solder penetration is provided by T.,,,_.Stress PSII

Figure 6. ,oo0o

.Sg___?_.._._T_._._ ................................

20000
-

o I I I I I
500 1000 1500 2000 2500

PrelBure (PSIG)

Figure 7. Outlet cap stresses.

i

TEST SERIES V - STUDY OF SEAL
FORMED BY STEM/BODY ACME THREAD

Figure 6. Solder penetration.
(Thread Crest--175X) As previously noted, the mating Acme thread of

the stem and valve body must form an effective
seal at high temperatures. A test was conducted

TEST SERIES IV - STRESS ANALYSIS OF to determine if the forming of t_is seal could be

,411 OUTLET PORT CAP associated with some threshold temperature. A
new valve with the previously described steel

The outlet port cap failures of Test Series I outlet cap and soft copper gasket was utilized for
aroused interest in the stress levels being this test. A test pressure of 250 psig was utilized

- experienced by this cap. As a result, strain gages throughout the test, as temperatures were
(90-degree biaxial) were applied to the top dead increased from room temperature to 1400°F over

center of the cap of a new valve, and the valve a 60-minute period.
was subjected to a series of room temperature
pressurizations. Figure 7 provides a comparison The test was inconclusive with regard to the
of stress data from this test series with known sealing of the Acme thread. A leak between 3.0

tensile strengths of CDA 636 alloy at various and 4.0 scfm initiated as the temperature

temperatures (5). Lab analysis verified that the exceeded 400°F, and remained in this range

_. cap material was CDA 636 alloy, throughout the test. Possibly, leak initiation near
400°F is related to the liquidus temperature of the
solder used to tin the inlet port threads. There
was a very slight decrease in leakage and increase
in system pressure during the test, which may be
indicative of the sealing of the Acme thread.
Figure 8 provides data from this test.
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Figure 8. Test Series V data. Figure 9. Test Series VI data.

TEST SERIES VI - STUDY OF LEAKAGE SUMMARY
THROUGH THREAD OF VALVE INLET

PORT The basic objective of the PGDP testing of l-inch
UF 6 cylinder valves was to acquire additional data

A single test was conducted in an effort to isolate concerning their leakage and behavior when
and measure the leakage that occurs through the subjected to 1450°F temperatures and internal

valve inlet port thread. As before, a new valve pressures up to 2000 psig. This objective was
was equipped with a steel outlet cap and copper achieved.
gasket. In addition, the stem was removed and a

similar steel capping arrangement was employed Based on data from the testing, an in-service
to seal the packing cavity of the valve. Leakage 1-inch UF 6 cylinder valve may perform in the
was measured as the valve temperature was following manner if exposed to a fire which heats

incremented up to 1600°F, with a test pressure of it to 14500F and subjects it to internal pressures
250 psig being applied at each temperature above 1000 psig. As pressure and temperature
increment. The test was inconclusive in that rise, the UF6 leakage (liquid or gaseous) of the
leakage through the inlet port thread could not be cylinder valve will approach the equivalent of 10
distinguished from total valve leakage. Figure 9 scfm nitrogen. Test data indicates that this
provides data from this test. leakage rate may be established between 250 and

500 psig when the valve temperature is above
1000*F. This leakage rate will continue until the
outlet cap material experiences a combination of

pressure and temperature which fails the cap by a
rapid creep mechanism. At this point, the outlet
port cap will deform to the extent that it is blown
off the cylinder valve body, and the UF 6 leakage
rate will increase to the equivalent of near 100
scfm nitrogen.

The need for additional testing to fully define the
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specific combinations of temperature and pressure May 24-26, 1988, CONF-880558,
which result in outlet cap failure is evident, pp. 89-95, 1988.

There is also a need for more extensive testing to 4. Yamakawa, H. et al., "Safety

thoroughly investigate the seal formed by the Evaluation of the Transport
mating Acme threads of the stem and valve body. Container for Natural Uranium-
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Proceedings, Oak Ridge, Tennessee,
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ABSTRACT

This paper describes experiences with _,vo
incidents of overseas shipments of uranium - SEACON'r_N_

hexafluoride (UF6) cylinders. The fh'st incident

involved nine empty UF6 cylinders in enclosed sea I _t_o: _! -

containers. Three UF6 cylinders broke free from .....
their tie-downs and damaged and contaminated [
several sea containers. This paper describes briefly
how decontamination was carried out. ---- - _-[ L .... "

WOOOEN_ADI.£
The second incident involved a shipment of 14 full o_cE AROUNDCYLINDERAND...../ --SEC_IRKD m CYLINDER

UF6 cylinders. Although the incident did not SEeUR_ro rE ao_°°__OES.B_S aY o_E SrErLSTRAP
cause an accident, the potential hazard was
significant. The investigation of the cause of the
near accident is recounted. Recommendations to srm.
alleviate future similar incidents for both cases are $m_plNO_ _ TIEflOWTO__

presented.

HISTORY

Commercial production of UF6 started in the early

1970's and Cameco has been shipping UF6 ]
cylinders since that time. A transport forwarder is I ?]

contracted to supply ali the necessary freight wOOOEN_..f
containers and equipment for both land and sea _Ao_
transport. The forwarder has primarily used

wooden cradles, steel straps, and 6 metre heavy- Figure 1. UF6 cylinder tie-down
duty flat rack sea containers to support and tie
down UF 6 cylinders for transatlantic shipments
(Figure 1). ISO approved standard open top INCIDENT !
containers are sometimes used, but the floor must
be reinforced to ensure proper weight distribution. On May 23, 1989, Cameco was advised by the

Port Authorities in Montreal, that a shipment of
empty 48Y UF6 cylinders being returned from

In the twenty years that Cameco has been shipping Europe was damaged and had contaminated other
UF6 cylinders overseas, we have not had a serious sea cargo. The vessel encountered a severe storm
incident until May, 1989. of force 8 and rolled 32 degrees each side.

245
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This shipment consisted of nine empty UF6
cylinders stowed in three 12 metre closed sea
containers and placed above deck of the sea vessel.
Ali three sea containers, as well as a fourth
container loaded with hospital equipment,
sustained external damage and contamination. The
UF, containers had side wall tears with openings
as _eat as 516 cm2 (Figures 2 & 3). Detectable
contamination was present on most external
surfaces of these containers and white dust was

present throughout the interior of one UF 6
container. Ali three UF6 cylinders in this
container had broken their tie-downs and ejected
from the floor cradles (Figure 4). lt was apparent
they had rolled about during the severe storm,
puncturing the side walls as well as the walls of the
adjacent containers. Two valve covers were
distorted and displaced from the valve area. One
valve was sheared and another was pulled out
causing the contamination. About one-third of the
wooden floor was torn up. The four sea
containers were offloaded from the ship and placed
in a secured area at the Port. Ali damage debris Figure 3. Container sidewall tears
was cleaned up on ship and placed in one of the
Port's garbage dumpsters.

Figure 2. Damaged sea container Figure 4. Ejected wooden cradles
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ACTION TAKEN The radiation survey disclosed that, three

containers, six UF6 cylinders, 109 pieces of
Immediately after being notified of the incident, medical equipment, and a waste container of
Cameco dispatched two specialists, a Radiation wood from the floor of the damaged sea
Officer and a Materials Handling Speci-,dist, to co- containers were above the standard.
ordinate and supervise the clean up and
decontamination operations. The following action
plan was formulated in conjunction with the Various decontamination methods were employed.
Atomic Energy Control Board and the Harbour These were acid, and soap and water scrub
Master. washing of UF 6 cylinders, high pressure washing

of stubbora areas, sand blasting (wet and dry),
a. Ali decontamination work must be done in cutting, removing wooden container floor with a

secured area. power _aw, oxyacetylene cutting of metals. Ali
contaminated waste, cleaning items, sand, water,

b. Sea containers and cylinders are to be wood and metal were placed into drums and
decontaminated in inverse order of damage to shipped back to Cameco's Port Hope facility for
exp_.dite removal bom secured area, leaving disposal. No quantitative measurements of
garbage dumpster and hospital equipment contamination were reccrded. This approach was
container to the end. strictly go/no-go basis. The decontamination

process was slow -- especially when field

c. Unload UF 6 cylinders from sea containers, innovated modifications were needed. When ali
decontaminate, and move to normal Port the items were decontaminated, the area used for
storage area. decontamination was cleaned with a high pressure

wash before returning the area for normal use.
d. Obtain authority from owner to enter sealed Any arg[a (total less that lm2), exceeding 5.0

hospital container and decontaminate Bq/cm '_was acid washed and rinsed. 99% of the
- equipment, area was less than 1 Bq/cm 2 and no area

exceeded 3.7 Bq/cm 2.
e. Ali contaminated materials must be packed in

drums and kept in secured area until approval
is received by authorities to transport drums to This incident generated 96 drums of low le,;ei
our facility for disposal, radioactive waste and three scrap sea containers.

The Radiation Officer's main functions were to: CONCLUSIONS

a. Identify the extent and degree of a. The primary cause of the damage was
contamination and to maintain zone control, improper stowage. Although the UF6

cylinders were mounted in the sea containers
b. Define methods of decontamination for items on wooden cradles, the cradles were not

affected by the UF6 product so that secured to the cylinders or to the container
environmental clean-up crews could achieve floor. The rope ties were inadequate security
decontamination standards of 0.5 Bq_/cm2 for for transport, Figure 5.

non-porous material and 5.0 Bq/cm" for
asphalt, b. Two cylinders were stowed valve-to-valve

configuration, increasing the damage effects

c. Remove the UF6 cylinders and medical on valve covers and valves, Figure 6.
equipment from the sea containers for
monitoring and decontamination.
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c. Cylinder movement within one container
caused puncturing of side walls and
contamination to three other containers.

d. The extent of contamination was increased by
procedures used in unloading the ship when
clean material was mixed with damaged
contaminated debris.

e. Since the UF(i cylinders were empty,
environmental impact was minimal.

RECOMMENDATIONS

a. Closed sea containers must not be used

became UF 6 cylinders are not designed to be
pulled out using lateral force on the cylinder
lift lugs. Only open top sea containers must
be used so that cylinders can be handled by
sling or overhead lift devices, always coupling
to the cylinder lift lugs.

Figure $. Tie-down b. UF6 cylinders must be placed on not less than
four wooden cradles with the cylivder valve at
the 12 o'clock position. Each cradle is
secured to cylinder with steel strapping.

c. This cylinder/cradle assembly must be
secured to the container floor using not less
than 6 steel straps, as shown in Figure 7.

d. Ensure valve covers are in place and tightened
properly.

e. Response procedures must be reviewed,
particularly shipboard methods, to minimize
the spread of contamination.

f. Forwarding agent should certify compliance to
packaging and transport standards.

Figure 6. Sheared valve cylinder
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.qltIii ......"

Figure 7. Steel strap tie-downs

INCIDENT II cradles, which had too large a radius. This
resulted in ali stress to be taken up by the steel

A second incident, which happened earlier this straps, causing the straps to stretch. Some straps
year, involved full cylinders. A shipment of 14 were broken on two of the cylinders. A Health

UF6 cylinders left the Port of Montreal on Physicist was dispatched to check for direct
February 13, 1991, destined for the Port of radiation and surface contamination. No
Felixstowe, UK. Concerns were raised about the contamination was evident and the radiation levels
handling, packaging and inspection procedures were 15-17 microsieverts per hour, which are
used for this shipment, normal readings for furl cylinders of natural UFt;.

The cylinderswere secm'ed properly and shippea
by rail to the enrichment plant.

Normally, a UF6 cylinder is placed on not less
than four wooden cradles with the cylinder valve at
the 12 o'clock position. Each cradle is secured to Although there was no accident, the potential for
the cylinder with one steel strap and a single crimp one was great because the cylinders could have

joint. This assembly (UF6 cylinder tie-down to broken loose during sea or rail transport causing a
cradles), is secured to the sea container floor using fuR-scale nuclear accident. Cameco investigated
not less than six steel straps and secured with this incident with the forwarder and Port of
double crimp joints at ali connections, as shown in Montreal authorities, as well as the Atomic
Figure 1. Energy Control Board and Transport Canada.

The result of the inquiry was that, the use of
On February 21, Cameco was notified that an improperly fabricated wooden cradles, cut to the
inspection by the Port of Felixstowe Safety Officer wrong radius, was the main contributor that
revealed that cylinders were unstable because of allowed the cylinders to rotate and cause steel
slack steel strapping and poorly fitting wooden strapping to stretch or break, Figure 8.
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b. ISO open-top containers were used but were
not properly reinforced to ensure proper
weight distribution.

c. There was no inspection by any Port of
Montreal authorities. Manpower and time
constraints, a result of a strike at the Port,
could have contributed to this.

Figure 9. Cylinder rotation

Figure 8. Large radius wooden cradles

The following conclusions were also notedfrOmourinvestigation: c_ot__m:

a. The wooden cradles were not constructed from __ w°°°-__ I Ia solid piece of hardwood. Two strips of
softwood (5 cmx 3.8 eta), which probably /
compressed during transit due to the weight of w.AOONT/_N_._/

the cylinder, were nailed to the bottom of
these cradles. This caused the cylinder _ tsLIKR
stiffening rings to rest on the sea container
floor, and accelerated cylinder rotation (as
shown in Figures 9 and 10). Figure 10. Compressed wooden cradles
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A result of this incident is that one of the shipping Cameco feels that the present UF6 cylinder
companies has issued a directive that UF preparation method, using wooden cradles and
cylinders, on fixed metal cradles only, wil_be steel strapping, is safe when proper equipment and
allowed on their vessels. A typical composite of an inspection procedures are followed; however,
exclusive skid with metal cradles is shown in Figure Cameco is presently reviewing this matter in view
11. of the directive issued by the shipping company.

TIE DOWN

VALVE / ASSEMBLY
COVER --_ RINGSTIFFENING

4BY UF6 ""
CYLINDER

EXCLUSIVE
SKID

20' FLAT
RACK SEA
CONTAINER

Figure 11. Exclusive metal cradle skid



THE DESIGN, FABRICATION AND MAINTENANCE
OF SEMI-TRAILERS EMPLOYED IN THE

HIGHWAY TRANSPORT OF WEIGHT-
CONCENTRATED RADIOACTIVE LOADS

Daniel S. Huffman
Technical Supervisor

Allied-Signal Inc.
Metropolis, II.,

Even though there has never been a fatality or,
_CT for that matter, a major incident involving the

highway transportation of radioactive materials,
Transportation of weight-concentrzted radioac- the nuclear industry can not be complacent
tive loads by truck is an essential part of a safe about its record. The general public still per-
and economical nuclear industry. This proposed ceives any activity involving radioactive materials
standard presents guidance and performance to be extremely hazardous and, typically, de-
criteria for the safe transport of these weight- mands that extreme safety measures he taken in
concentrated radioactive loads. ANSI N14.30 preparing for and executing said activity. The
will detail specific requirements for the design, nuclear industry has a perceived mandate, there-
fabrication, testing, in-service inspections, main- fore, to exercise prudence in the transportation
tenance and certification of the semi-trailers to of all radioactive substances.
be employed in said service. Furthermore,
guidelines for a quality assurance program are It is apparent that much has been accomplished,
also enumerated. This standard would apply to for instance, in the packaging of radioactive
any semi-trailer that may or may not be specifi- matter for transport, but there are no standards
(:allydesigned to carry weight-concentrated loads. or consensus criteria for the design and care of
Equipment not suitable per the criteria estab- vehicles to carry these packages. This is thelisbed in the standard would be removed from

service. The nature of the nuclear industry and pu_ of ANSI N14.39.
the need for a positive public perception of the The following paper will discuss the background
various processes and players, mandates that the encompassing the creation of a writing group to
highway transportation of weight-concentrated draft the standard, the activities of this writingradioactive loads be standardized and made

group and the environment as N14.30 was devel-
inherently safe. This proposed standard takes a oped, detail the contents of the draft standard,
giant step in that direction, and summarize its current status.

I1Wi'RODUCTION
BACKGROUND

"The public perceives the potential risks of the
transportation of radioactive and hazardous The nuclear industry was aware that no design,
materials and wastes at a far greater magnitude fabrication, or maintenance standard existed for
than the estimated risks calculated by scientists semi-trailers transporting radioactive loads, but
and engineers. "1 "Little is accomplished by a there was also no concerted effort to establish
good tiedown if the semi-trailer is inadequate for one, until R. H. Towell of DuPont de Nemours
the load. "2 These two statements, alone, provide and Company submitted a letter - dated October
a legitimate basis for the creation of a national 16, 1986 - to the N14 Management Committee.
standard for the "Design, Fabrication, and Main- He was, at the time, the chairperson of the
tenance of Semi-Trailers Employed in the High- ANSI N14.2 Writing Group which was preparing
way Transport of Weight-Concentrated Radioac- a standard for tiedowns, lt became apparent to
tire Loads'-ANSI N14.30. that committee that adaquate tiedo_ats were

253
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useless unless the vehicle was capable of coping • On March I 1, 1988 a tractor/trailer carrying
with the subsequent forces. Mr. Towell then empty fuel casks, overturned at the Rocket-

recommended to the management committee dyne Santa Susana Field Laboratory near
that a new standard be developed for the "selec- Chatsworth, California. The trailer owned

tion of vehicles for transporting radioactive by the Department of Energy (DOE) buck-
packages.3 led while turning a 25 toot radius corner.

Probable cause fo- semi-trailer failure was
At the annual meeting of the N14 Management the combination of cracks in the main struc-

Committee in October 1986, the decision was tural beam and the high center of gravity of
made to approve the development of N14.30. the cask on the trailer. The semi-trailer was
M. D. Kosmider of Allied Signal - Metropolis not designed to carry the intended load.
Works - was chosen to chair the writing group

and, subsequently, prepared the Nuclear Stan- • The Transport Insurance Company in a
dard/Project Initiation Notice and Data Sheet, letter (dated October 2, 1987) to the Presi-
which was transmitted to ANSI in June 1987. dent of Davis Transport, Inc. stated that
ANSI submitted the Data Sheet to approximate- unless there are standards for equipment
ly 150 individuals from industry, government, (referring to trailers) design, operation, and ,
technical committees and societies, etc. The re- maintenance the insurers are forced to exer-

suits of the survey demonstrated a need for the cise their best judgment in evaluating the
proposed standard - January 1988. The writing risks of a carriers operation. Likewise, the
group was, subsequently, formed in February American Nuclear Insurers/Mutual Atomic

1988. Energy Liability Underwriters (ANI/MAEL-
U) in May 1986 developed engineering

In the Spring of 1988, D. S. Huffman of Allied inspection criteria for nuclear liability insur-
Signal - Metropolis Works - replaced Mr. Kos- ance. Included in this criteria is a section

mider as the writing group chairperson. The dealing specifically with the inspection of
first meeting of the committee to draft the vehicles employed to transport radioactive
standard met on June 16, 1988 at Oak Ridge, material. The insurance industry is obviously
TN. Meanwhile, several independent events had desiring performance standards for semi-
already occurred that supported the need for trailers and other vehicles handling nuclear
developing a standard for vehicles transporting cargo.
radioactive loads and, therefore, added legitimacy

to the efforts of the ANSI N14.30 Writing • In May 1988, F. M. Kovac, Traffic Depart-
Group. Examples include: ment Supervisor, Martin Marietta Energy

Systems, Inc., Portsmouth Gaseous Diffusion
• A letter (dated May 9, 1988) was written to Plant presented a paper at the first UF6 Safe

Mr. John Arendt, Chairperson of the N14 Handling, Processing, and Transporting
Management Committee, by M. Cynthia Conference. In this paper he made reference
Douglas, Director of the Research and Spe- to the many instances where the semi-trailers
cial Programs Administration, U.S. Dept. of arriving at the Portsmouth Plant for trans-

Transportation (DOT). This letter com- porting overseas shipments had "shoddy" and
mended the N14 Management Committee defective equipment - rotten flooring, bald
for tasking a writing group to prepare a start- tires, no brakes, broken springs, etc. Many
dard for vehicle selection for the transport of of these semi-trailers had to be rejected by
radioactive packages. Ms. Douglas stated the Portsmouth Plant. At the same confer-
that most accidents involving radioactive ence, Bert Jody, President of Davis Trans-
packages were due to vehicle failure or port, Inc. offered a paper detailing the exem-
human error. She commented that a consen- plary safety record of vehicles designed and
sus standard, suitable for incorporation by dedicated to transporting weight-concen-
reference, could become federal regulation, trated radioactive loads. As of May 1988,
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these first generation special purpose vehi- to measure the quality of the equipment utilized
cles had traveled more than 1,700,000 miles by the carriers, as well as the carrier's mainte-

without incident or failure, nance program(s). With ANSI N14.30 in piace,
shippers of radioactive substances could readily
and reliably determine the acceptability of carri-

The first draft of the standard was completed in ers and their equipment.
January 1989 anti a second meeting of the writ-
ing group was held in February of the same year The revised draft (January 1991) was then mailed
to deal with the comments to said draft. The to the N14 Committee for a second ballot. This
second draft of N14.30 was submitted at the end process will be completed in mid August of this
of March 1989. At the same time, a bill was year.

introduced in the U.S. Senate (sponsored by
Senators Danforth and Bond of Missouri and SCOPE AND DEFTNITIONS

Senator Kassenbaum of Kansas) to make sweep-
ing changes in the DOT regulations regarding Early in the procx_s of drafting this standard it
shipments of radioactive materials. Among the became apparent that the writing group must
provisions of this bill, ali shipments of radioac- agree upon a scope for N14.30 and, likewise,
tire materials would be inspected on a regular clearly define certain key terms. Once these
basis and shippers could only use DOT approved tasks were accomplished, the remainder of the
carriers. This action in the Senate gave the com- document could, generally, be easily assembled.

mittee a green light to expedite their labors. If The sc.x_pe as instituted by the committee is:
the industry doesn't agree to acceptable stan-
dards, then the government will do it for us. "...establishes the requirements for the

design, fabrication, testing, and mainte-

A third meeting oi" the N14.30 Writing Group nance of semi-trailers used in the high-
was called in mid-April of 1989, and the resul- way transport of weight-concentrated
tant third draft of the proposed standard was radioactive ioads...also provides detailed
mailed to the committee for ballot. This ballot- procedures for inservice inspections,

ing was concluded September 15, 1989 with only testing, and quality assurance of these
one "No" vote out of the twenty that were cast. semi-trailers..."
The proposed standard was then presented to
the N14 Management Committee at the end of Two definitions are critical to the focus of the
October 1989 for balloting, proposed standard - "semi-trailer" and "weight-

concentrated radioactive load'.

The N14 Committee ballot was taken between

November 10, 1989 and February 15, 1990. A semi-trailer is a "load carrying vehicle
Forty-nine official votes were cast (74% of the equipped with one or more axles and
eligible voters); the tally indicated "Yes" - 39, constructed so that its front end is sup-
"No" - 9, and 1 "Not Voting'. At this point the ported on the fifth wheel of the truck
draft standard could have been published, tractor that pulls it'.
However, there were many constructive editorial

comments that added clarity to the proposed Aweight-concentratedradioactiveloadis
N14.30. Subsequently, the draft was reworked "any radioactive live load(s) and its
and mailed to the writing group for their consid- (their) package(s), in contact with the
eration in August 1990. Meanwhile, in February loadbearing portion of the semi-trailer,
1990 the DOE established a Motor Carrier that ex_eds 1000 pounds for any linear

Evaluation Program (WHC-EP-0336) to assist foot of length or width at the point of
the DOE field offices and their contractors in delivery of the load to the structure of

selecting carriers to transport DOE owned the semi-trailer. Certain loads will only
hazardous and radioactive materials. This pro- become weight-concentrated after stack-
gram required the shippers, among other things, ing'.
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Radioactive for the purposes of this text is "any The designer must specify ali fabrication proce-
material having a specific activity greater than dures. Ali welding shall be accomplished by
0.002 microcuries per gram _Ci/g)". qualified welders using qualified welding proce-

dures as defined in ANSI/AWS DI.l, D1.2, etc.

ANSI N14.30 is, therefore, bounded by the above Furthermore, it is imperative that the complete

scope and definitions and will initially apply only fabrication process be well documented. Design,
to those experiences within the purview of these fabrication, testing, and inspection documents
limits, are required for the semi-trailer to be certified.

DESIGN, FABRICATION, _G AND After fabrication the semi-trailer must be thor-
CERTWICATION oughly inspected for possible defects and to

insure compliance with the designer's specifica-

The design criteria outlined in the proposed tions. Next, the vehicle will undergo a static
standard is, for the most part, generic. The load test using a package weight of twice the
writing group intends to permit the owner and maximum intended "live" load and, then, be
the manufacturer to mutually arrive at the inspected again. Following the static load test,

specific engineering details. The proposed the semi-trailer will be subjected to a dynamic
standard will only remind the designer/manufact- test, as it travels through several "normal" oper-
urer that certain pertinent factors must be ating maneuvers, while it is carrying a package
understood and applied as the semi-trailer is equal to the maximum intended "live" load. The
designed and fabricated. Besides, it would be semi-trailer must then be inspected a third time.
almost impossible to generate specific design
criteria for ali of the many potential semi-trailer Ali inspections must be performed by personnel
configurations for transporting weight-concert- qualified for the methods employed. Structural
trated radioactive loads, components will be inspected by a licensed

professional engineer experienced in semi-trailer

Such considerations as lateral stability, operating manufacturing and design. As a minimum, ali
environment, center of gravity, torsional stress, non-destructive inspections will include:
stress concentrations, materials of construction,
static loads, cyclic and dynamic load factors, etc. 1. A visual inspection of the main load carrying
shall be factored into the design calculations, members for delaminations, cracking, and
Ali ancilliary components - axles, suspension, deformation.
brakes, tires, rims, landing gear, etc. - must also
be capable of supporting the maximum intended 2. A visual inspection of the 5th wheel upper
load(s). Even the welding process is crucial to coupler assembly for deformities and a dye
an acceptable semi-trailer, penetrant inspection of the welds joining

these members.

The proposed standard stipulates that the struc-
ture of the semi-trailer must be designed and 3. A magnetic particle or dye penetrant inspec-
assembled to withstand 2.5 times the aggregate tion of the welds joining the primary strut-
of the maximum "live" and "dead" loads without tural members and the primary strucutral

exceeding the minimum yield strength of the members to secondary members.
material(s) of construction. Likewise, a 120%
safety margin is applied to the design of the 4. A dye penetrant and visual inspection of the
structural members to avoid structural failure or welds joining the suspension to the semi-

fatigue from the influence of cyclic and dynamic trailer structural members.
loading. After the cumulative application of ali
dynamic and cyclic loading factors, the yield Certification is the responsibility of the manufac-
point of the materials of construction must not turer. The certification process involves several
be reached, activities, some of which include:
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1. A verification that the welders, inspectors, There are four levels of inspections: Pre-trip,
and their procedures are qualified/certified Post-trip, Level 1, and Level 2. Pre-trip and
per ANSI/AWS. Post-trip inspections are common. The Level 1

inspection in this standard will be performed
2. An examination of mill test certificates for monthly for semi-trailers in regular service, and

ali the materials of construction, includes scrutinizing the electrical system, the air
system and brakes, the landing gear and sup-

3. A review of ali drawings, design calculations, ports, the tires and rims, the suspension, and the
manufacturing procedures, and designer structural members.
acceptance criteria.

The Level 2 inspection will be accomplished
4. A verification of the load rating of ali ancil- every two years or 100,000 miles for vehicles in

lary components, normal service. Specifically, this level requires
everything in a Level 1 plus a detailed inspection

5. A review of the static and dynamic load of axles and brakes, a non-destructive test of the
tests, welds on the structural members, and recertifica-

tion of the semi-trailer, if major repairs or
After certification the manufacturer will position modifications are made to it. Ali semi-trailers
an ANSI N14.30 Identification Plate on the which are built/modified and certified for service
semi-trailer and, subsequently, stamp the date of under N14.30 must be recertified after five years
certification on the plate. See Figure No. 1 for or 500,000 miles (whichever comes first).
a sample ANSI N14.30 lD Plate. The proposed
standard permits the certification of semi-trailers Of course, ali inspection, maintenance, and
not originally designed for use in transporting repair reports must be kept for designated
weight-concentrated radioactive loads, providing periods of time. Furthermore, a "Trailer Inspec-
the vehicle has the appropriate documentation tion Due Date Panel" will be affLxedto the front
to verify the designed load rating of its structural of the semi-trailer. This panel will offer to the
members and component parts, as well as a shippers and regulators quick confirmation that
detailed history of ali maintenance and repair maintenance inspections are current.
activities.

QUALITY ASSURANCE
A shipper has only to cheek the ANSI 14.30

Identification Plate to verify that a semi-trailer is A Quality Assurance (QA) Program will be
designed and certified to haul a given "live" load. mandated for each manufacturer and owner/car-

Of course, the shipper must confirm that the rier. The proposed standard presents generic
vehicle is being maintained in agreement with guidelines for establishing a QA program, which
ANSI N14.30. includes ali the necessary attributes. The writing

group realizes that it would be untenable for the
INSPECTION, MAINTENANCE, REPAIRS, standard to prescribe specific criteria for a QA
AND MODIFICATIONS program to each of the parties adhering to

N14.30.
The bulk of this section of the proposed stan-
dard is taken from recommended practices CURRENT STATUS OF ANSI 14.30
suggested by the Truck Trailers Manufacturers

Association. The requisites in the standard are If the vote of _theN14 Management Committee
intended to augment those promulgated by is positive and meets the ANSI criteria for a
regulation and those required by the manufactur- consensus, then this standard can be submitted
er. In no way will guidelines in this standard for publication. At the earliest, the published
supersede those of the manufacturer or the document will be available around the first of
regulatory agencies. 1992.
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QUALITY ASSURANCE IN THE TRANSPORT OF UF6

Norman L. Ravenscroft

Vice President, Operations
Edlow International Company

Washington, D.C., U.S.A_

Edlow International's primary business is the • A request for an insufficient volume of
international transportation of radioactive material or enrichment level. Always
materials. Therefore, Edlow has the responsibility remember to add DOE's fluctuation factor
to ensure that shipments are performed in of plus or minus 0.05% for enrichment
compliance with regulatory requirements. In this and 0.5% for volume.
regard, Edlow maintains a Quality Assurance (QA)
Program. A major part of this Program is the Now the NRC has a Full Cost Recovery program
establishment and use of QA Procedures. ($3,600 per LEU export license), errors will equal

additional costs.

This paper addresses QA procedural requirements
and how they are applied to a routine international PERMITS
shipment of low enriched UF_.

Except for routine shipments, it is difficult to
Only the major requirements for scheduling incorporate ali permit requirements into QA
shipments will be addressed. These items are: procedures. Edlow, therefore, maintains

information on permit requirements by U.S. state
• Export Licensing and local jurisdictions as well as foreign countries
• Permits and ports.
• Notifications

• Packaging The best procedure to follow in this regard is to
• Regulations investigate permit requirements for each shipment
• Documentation well in advance of the planned shipment.
• Inland Carrier Selection

• Ocean Carrier Do not assume tkat steamship lines actually call at
• Insurance ali ports shown in their schedule; delivery to a port
• Emergency Response shown in a schedule may involve trans-shipment.
• Export Fees/Taxes

Do not assume that the steamship line schedule
EXPORT LICENSE includes ali foreign ports of call.

Some organizations have bulk U.S. NRC export When possible, use the steamship line with the
licenses which allow for multiple shipments over an fewest intermediate ports of call in order to reduce
extended period of time. For various reasons, it is the number of permits required.
not always possible to obtain bulk licenses for ali
shipments. In these situations, ii is necessary to NOq3FICATIONS
obtain individual shipment export licenses.

Some of the entities which may require advance
Some items which should be addressed in QA notification and associated QA procedural
procedures, that have the potential to cause considerations are:
shipment delays, are:

--Receiver--

* Submission of incomplete or erroneous There may be permit, import license or notification
information in the export license requirements imposed upon the receiver. Provide
application, the receiver with planned shipment data well in

259
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advance. Never ship until written acceptance of --PSPs--
the proposed schedule is received. As we have ali learned over the past 2 or 3 years,

PSPs provided for shipment from U.S. DOE must
--U.S. NRC-- be in suitable condition for the planned transport.
Submit a ten(10)dayadvance shipment notification When PSPs are used for international shipments,
to the NRC. This is required for compliance with several months may pass without an opportunity to
U.S. NRC regulations established to ensure inspect them. Additionally, some users of PSPs do
physical protection as required by the Convention not secure them to steamship containers or
on the Physical Protection of Nuclear Material. highway trailers, they ship them as loose cargo.

When PSPs are shipped as loose cargo, one can
--Local Jurisdictions-- assure that they will be damaged. For
Investigate and comply with ali local jurisdictional international shipment, PSPs should always be
regulations. In most cases, compliance only shipped containerized, and on an exclusive use
requires a basic notification, basis. With conditions such as these in mind, QA

procedures for PSP maintenance is a must.
--Intermediate Countries--

Investigate and comply with the regulations of ali REGULATIONS
intermediate countries. When possible, investigate
specific country and port requirements with nuclear Most regulations and QA Procedural requirements
transport organizations located within the associated with the international transportation of
intermediate country. They usually have an UF6 are contained in the following publications:
understanding of both regulatory requirements and
policy within their respective countries. • U.S. DOT's CFR Title 49

• U.S. NRC's CFR Title 10

--Inland and Ocean Carriers-- • International Maritime Dangerous Goods
Inland carriers can usually accommodate Code (IMDG)
transportation needs with relatively short notice. • International Atomic Energy Agency
This is not always the case with ocean carriers. In (IAEA)
some cases, ocean carriers must obtain several • Regulations of Countries Enroute and
approvals before they are allowed to accept the Destination
cargo. In order to maintain a planned shipment
schedule, one must provide the ocean carrier with DOCOMENTATION
shipment data and desired routing details as
quickly as possible. In the case of fissile materials Some of the required documentation items are
via the Panama Canal, carriers are required to listed below. Samples of these and ali
provide Canal Authorities with a minimum of 30 documentation should be included with QA
days advance notice, procedures. Some of the documentation

requirements for this sample shipment are:
PACKAGING

• Inland U.S. Bill of Lading
Routine shipments of low enriched UF6 require • Emergency Response Data and Contact
Model 30B cylinders and Protective Shipping Information
Packages (PSPs). . Export Declaration

• Packing List
--Cylinders-- • Customs Invoice

A good QA procedure when shipping 30B cylinders • Copy of U.S. NRC Export License
from U.S. DOE consists of a summary of the
requirements specified in ORO-651 and a checklist INLAND CARRIER SELECTION
for compliance, by cylinder. Other QA procedures
must address timely placement of the cylinders, We have QA Procedures in piace involving the
recycle agreements and empty transports, selection of inland carriers. These include items
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such as insurance coverages, driver training shipment origin, intermediate ports of call and
requirements and so forth. Edlow believes in destination. The Price-Anderson Act provides for
maintaining a routine and has worked with some nuclear liability insurance on shipments to, or from
carriers for over twenty years. Occasionally, DOE facilities while the shipment is in the U.S.
carriers must be changed at a specific port. Before territorial limits. Edlow, as well as the receiving
accepting a replacement carrier, a visit is in order, facilities also have nuclear liability insurance
A preliminary visit lets the potential carrier know coverage. QA Procedures must be established
that we have a genuine interest in how they handle which address ali segments of the transport route,
our cargo. Additionally, one can tell a lot about a and which ensure that thorough coverage is
trucking company by observing their equipment provided.
and how they keep house.

--Loss and Damage Insurance and War Risk
OCEAN CARRIER Insurance--

As with Nuclear Liability insurance, QA
At this point, carriers willing to accept fissile Procedures must be established with address the
radioactive material shipments at reasonable prices possible need for Loss and Damage and War Risk
are fairly well established. Therefore, our QA insurance coverages. We must let our customers
procedures address matters such as: know of the consideration and make the coverage

available if desired.

• Does the carrier have the required
equipment? EMERGENCY RESPONSE

• Does the carrier have chassis?

• Is the equipment supplied by the carrier QA Procedures must address the DOT
usually in good condition? requirement which states that shippers of

• If the carrier accepts a shipment, can they hazardous materials include emergency response
really transport it? information with shipments and that ali

arrangements be in place for 24-hour emergency
In some situations, we are more aware of a response assistance. QA Procedures must outline
carrier's ability to accept and transport radioactive the method by which an organization implements
material shipments than the carrier. In this regard, and maintains compliance with this requirement.
Edlow is obligated to do ali possible to prevent
difficulties for ocean carriers. If an ocean carrier EXPORT FEE,S/TAXF_,S

accepts cargo and then learns after the ship departs
that they will not be allowed to enter a specific QA Procedures must address the following charges
port, or other major problems develop, not only which are collected by U.S. Customs:
does the carrier have major problems, but the
carrier will probably refuse to accept radioactive --Harbor Maintenance Tax--
material shipments in the future. This charge applies to both import and export

shipments and is based upon the value of the UF6.
INSURANCES The current rate of charge is 0.125% of the

declared value.

In addition to the insurance requirements relating
to inland and ocean carriers, QA Procedures must --Customs User Fees--

address other insurance considerations. They are This charge applies to import shipments only and
as follows: is charged at the current rate of 0.17% of the cargo

value with a maximum charge of $400 per
• Nuclear Liability Insurance shipment.
• Loss and Damage Insurance and War Risk

Insurance QA procedures for these items, as web as the new
NRC full cost recovery program, must address

--Nuclear Liability Insurance-- accounting procedures as well as operational
Considerations in this regard usually relate to the procedures.
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UF6 PRESSURE EXCURSIONS DURING CYLINDER HF TING

P. G. Brown

Production Engineering Manager
Martin Marietta Energy Systems, Inc.

Paducah, Kentucky

ABSTRACT connected to the autoclave manifold using a
copper pigtail which is approximately 6 feet

As liquid UF6 inside a cylinder changes from a long. The UF6 cylinders are heated to
liquid to a solid, it forms a porous solid which approximately 221Y'Fusing steam. At this
occupies approximately the same volume as that temperature, a UF6 vapor pressure of 68 pounds
of the liquid before cooling. Simultaneously as per square inch absolute (psia) is generated
the liquid cools, UF6vapor in the cylinder ullage within the cylinder and manifold system. Each
above the liquid desublimes on the upper region autoclave is equipped with safety systems to
of the inner cylinder wall. This solid is a dense, prevent overpressuring the UF6 cylinder, UF6
glass-like material which can accumulate to a manifold, and associated piping. The safety
significant thickness. The thickness of the solid systems used at PGDP to prevent overpressuring
coating on the upper cylinder wall and directly the UF6 systems are listed in Table 1.
behind the cylinder valve area will vary
depending on the conditions during the cooling
stage. The amount of time lapsed between UF 6 Table 1. LIF6 Pressure Control Safety Systems
solidification and UF 6 liquefaction can also affect
the UF 6 coating. This is due to the daily System Limi_..__!
ambient heat cycle causing the coating to
sublime from the cylinder wall to cooler areas, Cylinder Low Pressure Control 24 psia*
thus decreasing the thickness. Structural Cylinder High Pressure Control 90 psia
weakening of the dense UF6 layer also occurs Cylinder Relief System 100 psid**
due to cylinder transport vibration and thermal (Rupture Discs)
expansion. During cylinder heating, the UF6
nearest the cylinder wall will liquefy first. As the *One hour and 45 minutes after initiating heat
solid coating behind the cylinder valve begins to to cylinder.
liquefy, it results in increased pressure depending
upon the available volume for expansion. At the **Pounds per square inch differential.
Paducah Gaseous Diffusion Plant (PGDP) during
the liquefaction of the UF6 in cylinders in the The low cylinder pressure alarm safety system is
UF6 feed and sampling autoclaves, this pressure provided to guard against overpressure of a UF 6

increase has resulted in the activation of the cylinder while heating due to a closed cylinder
systems rupture discs which are rated at valve, a plugged valve or pigtail. A timer is
100 pounds per square inch differential, integrated into the cylinder pressure monitoring

system which will close the autoclave inlet steam
block valve and cause alarms if the internal

BACKGROUND cylinder pressure has not reached 24 psia within
a time limit of I hour and 45 minutes.

Solid uranium hexafluoride is heated in

containment autoclaves in order to liquefy the The second safety system is a high cylinder
UF6 for liquid sampling, feed to the enrichment pressure safety system which is used to protect
cascade, or toll transfer between cylinders. UF6 cylinders from overpressuring. Redundant
U"z35assay and UF6 purity are obtained through pressure sensors monitor the cylinder pressure
liquid sampling. The UF 6cylinder valve is

265
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and activate a safety system to close the Rupture disc systems for UF6 pressure relief
autoclave steam inlet valve should the cylinder have been used at PGDP for approximately 40
pressure exceed 90 psia. years. During this period of time, there have

been only a small number of times while heating
The third safety system as shown in Figure 1 is a UF,_cylinders that the rupture disc systems have
dual rupture disc system. This system consists of been activated. During the fall of 19(,'0and
two 100 psid rupture discs in series with a cavity winter 1991, PGDP began to experience pressure
between the primary and secondary discs which is spikes within the first 20 minutes after valving in
monitored using a pressure transmitter. The steam heat on UF6 cylinders. The pressure
rupture discs are a reverse buckling type utilizing spikes ranged from approximately 20 psig to
four knife blades located in the safety head greater than 1130psig, and on four occasions, the
assembly. They are a Teflon coated Monel pressure spike activated the rupture disc safety
material rated lO actuate at 100 psid _:2% at system. Also, the high pressure safety system
200°F. If the pressure between the discs was activated shutting off steam to the
fluctuates 2 pounds per square inch (psi) above autoclaves.
or below atmospheric pressure, alarms are
sounded which indicate a possible leak in the A summary of the four incidents are shown in
rupture disc. If the UF_ c'ylinder or manifold Table 2. A separate investigation was performed
pressure should exceed 100 psig, the rupture on each of the incidences.
discs will rupture and relieve the pressure to
relief drums.

Table 2. Summary of Safety System Activatiom
The activation of any of these safety systems
requires prompt notification to the Department Cylinder
of Energy (DOE) and an investigation as to the Dat._._._e Location Type
root cause of the pressure excursions.

10/15/90 C-360 48G PGDP Tails
12/07/90 C-337-A 48G Customer

Toll Normal
1/20/91 C-337-A 48Y Customer

Toll Normal
2/26/91 C-360 48G PGDP Tails

PIGTAIL

DRUM HEADER
VOLUME PRIMARY T SECONDARY

RUPTURE | RUPTURE
DISC _' DISC

L_'L---{._._ AIR i'tEADER
PURGE

Figure 1. UF6 Pressure Relief System
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DISCUSSION OF CAUSE OF UF6 PRESSURE ambient temperature, and wind direction will ali
EXCURSIONS cause variation in the coating thickness. The

amount of time lapsed between UF6
solidification and UF6 liquefaction can also

When a liquid UF6 filled cylinder is placed in the affect the UF6 coating. This is due to the daily
cylinder yard to cool, the liquid level is about heat cycle causing the coating to sublime from
1-5 inches below the cylinder valve. As the the cylinder wall to cooler cylinder areas, thus
liquid changes phase (from liquid to solid), it decreasing the thickness. Structural weakening
forms a porous solid which occupies of the dense UF6 layer also occurs due to
approximately the same volume as that of the transport vibration and cracking due to thermal
liquid before cooling. Simultaneously as the expansion.
liquid cools, UF_ vapor in the ullage above the
liquid desublimes on the upper region of the The most plausible explanation for the excessive
inner cylinder wall. This solid is a dense, manifold pressure, which caused the actuation of
glass-like material which can accumulate to a rupture discs, resulted from the liquefaction of
significant thickness as depicted in Figure 2. solid UF6 confined by a dense, solid UF6 barrier
Complete solidification leaves a void in the existing behind the cylinder valve.
upper portion of the cylinder. The solidification
process was filmed in laboratory demonstrations
using UF6 filled glass vials at the Oak Ridge ;:_.,._: ............ j .......... _ ...... ,;, ,
K-25 Site and later at the Portsmouth Gaseous "_',','_','.'.'.'.'.:.'.'." .,:._1I_:,.% A
Diffusion Plant. These experiments were
directed by R. H. Dyer, DOE. OF6v,,oo, II,, ,,,.,,,,.,,,,,,,:::::::::

A study was conducted at PGDP in 1971
concerning the effects of ambient temperature on !!iiiiiiiii!iiii!ii!iii!!i'b'_"s'o/.ib"ii!!;ii!
the shape and location of the void volume in
UF_ cylinders _. In this study, two scale models of
10-ton UF6 cylinders were constructed and filled

in the horizontal position with liquid UF6 to the !:!:i:!:!:!:i:i:!:!:i:!:!:!:!:!:!:!:i:!:!:i:i:!:!:_:!:!:i:lJ_'-'.:i:_J
same relative fill limits as a full 10-ton cylinder. 11 ....
One of the cylinders was frozen quickly in ice
water at 32°F while the second cylinder was Figure 2. LIF, Solidification
cooled from 200°F to room temperature over a
period of 15 hours. Both cylinders were then During cylinder heating, the material nearest the
frozen in solid carbon dioxide and sectioned for cylinder wall will liquefy first. As the solid
observation. In both cylinders, the major cavities coating behind the cylinder valve begins to
were lengthwise in the top half of the cylinder, liquefy, UF6 liquid will fill the manifold. The
Ali surfaces were covered with solid UF6 manifold has a volume of approximately
including the inlet openings. One important 0.32 cubic feet (ft_). On many cylinders, a
difference was noted between the two cylinders, coating remains intact behind the cylinder valve
The cylinder which was frozen rapidly contained when the manifold volume is filled. Any
a much larger cavity and the UF6 was hard and increase in liquid temperature will result in an
dense. UF6 in the slow cooled cylinder was flaky increase in pressure in the manifold. Pressure
and contained many small voids which should will continue to increase in the heated manifold
offer localized relief for expansion during until the remaining coating behind the cylinder
liquefaction. The thickness and density of the valve fractures, thus relieving the pressure to the
solid UF6 coating on the upper cylinder wall and void within the cylinder or the rupture disc
the cylinder valve area will vary depending on rating is exceeded.
the conditions during the cooling stage. The
ambient temperature, the daily change in
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An evaluation of the heat transfer characteristics during cascade power fluctuations. This
of heating a UF6 cylinder in an autoclave was commonality substantiated the relationship of
performed by PGDP Technical Services Division lapsed time between heating cylinders shortly
personnel z. The evaluation (based on the heat after UF6 solidification as a contributing
flux to the cylinder and assuming that factor in the rupture disc activation.
10 percent of the liquid UF6 generated is
localized in the area of the cylinder valve) Many root cause theories were evaluated during
indicated the entire UF6 manifold volume would the investigation of the four separate
be generated in 12.25 minutes. (The calculated occurrences of high pressure spikes. Other
value was in agreement with the observed time of possible scenarios explored for the high
the pressure spikes during the UF6 cylinder heat pressure problem were the presence of organic
cycle.) Additionally, the evaluation (based upon contaminants, uranium deposits in UF6
the coefficient of thermal expansion provided in manifolds and the presence of improperly rated
K/ET-194(3) of 65.3 psiP'F at the triple point) rupture disc. These theories were ruled out
indicated a temperature rise of only 2.3°F of the after further testing and chemical analysis.
liquid held within the manifold would account
for a 150 psia pressure increase.

CONCLUSION

The maximum manifold pressure attained will
depend on the thickness of the coating behind UF6 pressure excursions have occurred at PGDP
the valve. If the coating is thin, there will be within the first twenty minutes of heating of
only a small pressure spike or no spike at all. UF6 cylinders. This was caused by the thermal
However, if the coating is sufficiently thick, the expansion of liquid UF6 in the autoclave UF6
pressure spike will grow quite large before manifold. The elevated pressure levels occur
breaking through the solid UF6 coating. In the only when a combination of two factors takes
four recent cases, the solid thickness behind the piace in the following sequence. First, the
valve was sufficient to withstand the pressure liquid UF6 filled cylinder cools in cold weather,
required to actuate the rupture discs, typically less than 40"F which increases the

magnitude and density of the UF6 directly
The four cases of very high pressure spikes behind the cylinder valve. Secondly, the UFn
occurred between October 1990 and cylinder is heated shortly after the UF6
February 1991. During this cold weather period, solidification process without sufficient time
lower level pressure spikes occurred frequently for the breakdown of the UF 6solid in the
during the heating of other cylinders. However, cylinder valve area. The rupture disc and high
the pressure spikes were limited to PGDP UF6 UF6 pressure safety systems functioned as
tails cylinders and to one customer's Toll UF6 designed and limited the UF6 pressure
cylinders. The customer's Toll Normal UF 6 excursions in PGDP's C-337-A and C-360
cylinders had been previously heated in the facilities.
PGDP C-360 toll transfer facility with no
pressure spikes observed. (Most of the cylinders
had been in storage at PGDP for approximately
2 years.) The next time these cylinders were
heated in C-337-A shortly after being heated in
C-360, pressure excursions were observed.
Similarly, the PGDP UF6 tails cylinders were
being heated for liquid sampling with a much
shorter time between filling the cylinders and the
liquid sampling process. This was caused by an
increased emphasis on assay data due to studies
being performed on UF6 tails assay fluctuation
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INCIDENTS OF CHEMICAL REACq'IONS IN CELL EQUIPMENT

N. M. Baldwin and C. R. Barlow

Enrichment Technical Operations
Uranium Enrichment Organization +

Oak Ridge, Tennessee

ABSTRACT is so small as to require the operation of many
such stages in series, in a cascade configuration, in

Strongly exothermic reactions can occur between order to effect the desired separation, or
equipment structural components and process enrichment.
gases under certain accident conditions in the
diffusion enrichment cascades. This paper Operating parameters are maintained to force
descn_tw,s the conditions required for initiation of about half of the stage feed through the diffusion
these reactions, and describes the range of such membrane as the isotopically enriched stream,
reactions experienced over nearly 50 years of while the remainder passes along the membrane
equipment operation in the U.S. uranium tubes as the isotopically depleted stream.
enrichment program. Factors are cited which can Cascading is effected by feeding the enriched
promote or limit the destructive extent of these stream to the next upstream diffuser for further
reactions, and process operations are described enrichment, while the depleted stream is fed back
which are designed to control the reactions to to the next downstream stage for additional
minimize equipment damage, downtime, and the stripping (Figures 1 and 2). A sufficient number of
possibility of material releases.

TO

INTRODUCTION PRODUCT WITHDRAWAL

In the U.S. uranium enrichment program, the _,q
principal isotopes of uranium, of ,atomic weights !o235 and 238, are separated by the gaseous diffusion .712 [

process. The slight differences in atomic weight 0.711
make it possible to separate the two isotopes by
diffusion through a porous raembrane. In the
process medium (uranium hexafluoride gas), the 3.711
lighter species, uz3sF6,has a slightly higher velocity 0.710
than the heavier molecule of U_F6, and as a
consequence, it comes into contact with the
diffusion membrane wall with somewhat higher 0711
frequency. Control of the pore size in the NORMALFEED

diffusion membrane optimizes the separative
capacity by permitting diffusion through the
membrane while limiting molecule-to-molecule o.7t0
collisions which tend to negate separation by 0.709
deflections away from or out of the membrane o.7oB
pores. Even so, the single-stage separation factor

O 709

TO

DEPLETED WITHDRAWAL

(0.2 -- 0.4Z )

Figure 1. Gaseous Diffusion Stage
"Cascading."

+ Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy.
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cascade in 1945. Over that time period, there have
been about 50 reported incidents of gas-metal
reactions involving compressors, diffusers, or gas
coolers, in various combinations. Although
uranium hexafluoride is regarded as a stable
compound, it is, under the right circumstances, a
powerful fluorinating agent, reacting vigorously
with aluminum and its alloys, and, at higher
temperatures with nickel, copper, and even steel.
Similar reactions have also been observed with the

cell treatment gases, fluorine and chlorine
trifluoride. Each of the incidents had a common

feature: rubbing contact in the stage compressor
initiated the reaction or generated molten metal
which served as an ignition source within the
compressor or at a downstream location. Thus
sustained reactions have been observed in

compressors, in gas coolers, and in diffusers. Hot
metal reacts with process gas to form metal

Figure 2. Stage Arrangement fluorides with the evolution of large amounts of
heat. The reaction accelerates as additional molten

stages are operated above the feed point to obtain metal surfaces are made available to additional
the desired enrichment, and sufficient stages below supplies of process gases. If a gas cooler is
the feed point assure the desired tails assay (Figure breached, the coolant, Freon 114, also enters into
3). the reaction. Flashing and expansion of the

coolant can force the reactants into adjacent stages,
To meet the needs of the U.S. enrichment program and it is considered likely that without measures to
at its maximum capacity, nearly 11,000 separative control the reactions, they are capable of spreading
stages were employed at one time in three throughout a cell, and possibly even into adjacent
independent diffusion plants. Changing schedules, cells.
plant improvements, and finally reduced demand
for enrichment services resulted in gradual phase- OPERATING EXPERIENCE
out of older portions of the original K-25 cascade
and then shut-down of the Oak Ridge enrichment Gas-metal reactions that have been experienced in
facility in 1985. The present Paducah and compressors have ranged from a minimal
Portsmouth cascades contain about 6,000 involvement of a few blade tips (Figure 4) to some
separative stages. Each of these stages includes, in which have resulted in loss of several inches of
addition to the diffuser, a compressor and drive rotor length or a large hole burned through the
motor, a gas cooler, a flow-regulating control valve, rotor or the stator shell. Such reactions may
and associated piping. In order to permit isolation confine themselves to the compressors in which
of small portions of the cascade without adverse they initiated, but in some cases the hot gases or
effect on overall operations, small numbers of burning masses of molten metal may be carried
stages are grouped into cells. Each cell may be into the adjacent diffuser, where they may ignite
isolated from the rest of the cascade by closing a structural components to further extend the
few block valves, so that equipment can be damage. The finned gas coolers and the diffuser
repaired or replaced to correct failures or tube bundles are at particular risk in such events
malfunctions, since they present large surface areas to sustain the

reactions.
GAS-METAL REAC"HONS

An incident which occurred in the Oak Ridge K-29
About 300,000 stage years of operating experience plant in 1982 illustrates a number of factors that
have been accumulated in the three diffusion may be involved in initiating and propagating
enrichment plants since the start-up of the K-25 destruc,ive gas-metal reactions.
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Figure 3. "000" Unit Configuration

The K-29 portion of the Oak Ridge enrichment cherry red at the bottom of the inlet nozzle.
cascade went on-stream in 1951. Ten diffusion

stages constitute a cell in K-29, and gas movement The cell was isolated and standard procedures were
is effected by multi-stage axial flow compressors followed to insure confinement of the reaction.
with die cast aluminum blades mounted in cast Since the cell coolant system operates at high
aluminum stators and rotors. Loss of rotor-end internal pressures, rupture of a gas cooler could
clearance had been noted in early plant operations, overpressure the cell, therefore, the initial response
and this was found to be due to changes in the to the cell reaction was to dump the cell coolant
metallurgical structure of the cast aluminum- into storage tanks and valve off the system. Since
copper alloy rotors. A program of heat-treatment some mixtures of coolant and process gases are
(overaging) and re-machining to restore the highly reactive, draining the coolant also removes
drawing-specified clearances was carried out in the a possible reactant from the system. Shutting off
mid-1950s, the cell supply of lube oil removed another

potential hazard. Cell isolation from the rest of
On March 1, 1982, K-29, Unit 2, Cell 7, had the cascade limited the supply of UF+ to that

undergone a CIF3 treatment following a seal contained within the cell volume, so that the
change on the Stage 7 compressor. In the initial reaction with molten metal would starve as this gas
phase of recharging UF6 into the cell, the stage was consumed.
motor loads appeared normal. During the UF6
charging process, however, the Stage 7 and Stage 8 These emergency measures for confining a gas-
compressors began to surge. In addition, the Stage metal ,'",ction are covered in a standard operating
7 high side pressure was lower and the Stage 8 proc_u_, SOP 100.7, "Destructive Chemical
high side pressure was higher than expected. Reactions in K-29." Radiation surveys and
Approximately 15 minutes after placing the cell chemical samples taken after the occurrence
onstream, the cell pressures began to decrease indicated that no systems were opened to the
rapidly, suggesting a destructive reaction within the atmosphere and no uranium compounds were
cell, and the Stage 7 diffuser was observed to be released.
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Figure 4. Limited Reaction Caused By Blade Tip Rubbing.

Examination of the equipment after removal and SUMMARY
disassembly showed that severe end rubbing had
occurred in the Stage 7 compressor, and the B- • Strongly exothermic reactions can occur
rotor barrel had deblaued (Figure 5). The between process gases and metals in the
compressor interior surfaces and the inlet and diffusion enrichment cascades.
discharge nozzles were coated with a powdery
reaction product, and some of the turning vanes in • Ignition depends on a heat source,
the discharge nozzle had been damaged. The Stage generally rubbing in a compressor.
8 compressor components were also lightly coated

with a reaction product and the Stage 6 pump also • Reactions can spread by ejection of
showed a dusting of similar material. Reaction burning molten metal from the
products were distributed as far as the Stage 9 compressor. Diffusers have been ignited
diffuser. The Stage 7 diffuser, where the principal by this mechanism.
reaction occurred, showed major damage. The
shell in the heated area collapsed (Figure 6) • In-place operating procedures are available
because of the pressure drop that resulted from to limit the extent of these reactions.
UF_ consumption by the reaction, and a portion of
the tube bundle was destroyed. The gas cooler • Destructive chemical reactions are
remained intact and structurally sound, although infrequent. Only about 50 have been
some tube fins had melted, observed in some 300,000 stage years of

operation in the U.S. enrichment program.
The incident investigation concluded that the
reaction was triggered by the rotor end rubbing
that occurred as a result of the surging that took ACKNOWt,EIM]EMENTS
piace during cell pressurization with UF6. lt was
not determined whether additional growth of the The authors wish to acknowledge the work of C. L.
rotor had occurred after the 1954 stabilization heat Sherman, Portsmouth Gaseous Diffusion Plant,
treatment, although such growth is possible and and M. G. Otey, Paducah Gaseous Diffusion Plant,
would make the compressor more susceptible to in compiling histaries of exothermic reactions
rubbing because of surge operation, which have occurred at their respective facilities.
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Figure 5. Rotor End Damage from Exothermic Gas-Metal Reaction
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BREACHED CYLINDER INCIDENT
AT THE

PORTSMOUTH GASEOUS DIFFUSION PLANT

Rich A. Boelens
Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Piketon, Ohio, U.S.A.

ABSTRACT first stiffening ring of the cylinder. During the
continuing inspection of the storage area, a second

On June 16, 1990, during an inspection of valves 14-ton product cylinder was discovered breached.
on partially depleted product storage cylinders, a This cylinder was stacked on the bottom row in the
14-ton partially depleted product cylinder was storage area in 1986. This breach was also located
discovered breached. The cylinder had been placed adjacent to a stiffening ring.
in long-term storage in 1977 on the top row of
Portsmouth's (two rows high) storage area. The This paper will discuss the contributing factors of
breach was observed when an inspector noticed a the breaching of the cylinders, the immediate
pile of green material along side of the cylinder, response, subsequent actions in support of the
The breach was estimated to be approximately 8- investigation, and corrective actions.
inches wide and 16-inches long, and ran under the

submittedmanuscriptImsbeenauthoredbyacontractor
of theU.S.GovernmentunderContractNo. DE-AC05-

76OR00001. Accordingly,theU.S.Governmentretainsa
nonexclnsive,royalty-freelicensetopublishorreproducethe
publishedformofthiscontribution,orallowotherstodo so,
forU.S.Governmentpurposes."

277



INVESTIGATION OF BREACHED DEPLETED UF6 CYLINDERS

J. H. DeVan

Martin Marietta Energy Systems, Inc.

Oak Ridge, Tennessee USA

ABSTRACT procedures. Design modifications

and supplementary mechanical tests
In June 1990, during a three-site were also recommended to improve the

inspection of cylinders being used cylinder containment integrity
for long-term storage of solid during the stacking operation.

depleted UF 6. two 14-ton cylinders
at Portsmouth, Ohio. were discovered

with holes in the barrel section of INTRODUCTION

the cylinders. An investigation

team was immediately formed to Depleted uranium hexafluoride (UF 6)

determine the cause of the failures produced at the uranium enrichment

and their impact on future storage gaseous diffusion plants has been
procedures and to recommend stored in steel cylinders since the

corrective actions, diffusion plants first went into

production more than 40 years ago.

Subsequent investigation showed that As the number of cylinders became

the failures most probably resulted significant, each of the three

from mechanical damage that occurred diffusion plants created outdoor

at the time that the cylinders had storage yards as long-term depleted

been placed in the storage yard. In UF 6 repositories. These yards

both cylinders evidence pointed to consist of concrete or compacted

the impact of a lifting lug of an gravel storage pads, with lower

adjacent cylinder near the front cylinders positioned on wooden or
stiffening ring. where deflection of concrete saddles and a second level

the cylinder could occur only by of cylinders supported by the lower

tearing the cylinder. The impacts level. In June 1990, during

appear to have punctured the inspections at Portsmouth. Ohio, two

cylinders and thereby set up steel cylinders, each containing

corrosion processes that greatly 14 tons of depleted UF 6 , were
extended the openings in the wall discovered with holes in the barrel
and obliterated the original crack. section of the cylinders. The holes
Fortunately, the reaction products in both cylinders appeared to have

formed by this process were originated very close to the

relatively protective and prevented stiffening ring nearest the valve

any large -scale loss of uranium, end. An investigating team was
The main factors that precipitated appointed and, in association with

the failures were inadequate spacing Portsmouth personnel, developed

between cylinders and deviations in action plans to permit detailed
the orientations of lifting lugs examinations of the cylinders and
from their intended horizontal their contents, as well as an

position, assessment of the environmental

impact of the incidents on the

After reviewing the causes and storage yard and neighboring
effects of the failures, the team's cylinders. Evidence was gathered

principal recommendation for through the process of removing the

remedial action concerned improved failed cylinders from the storage
cylinder handling and inspection yard . checking their internal
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pressure, analyzing gas and salt the gas analysis showed negligible

samples, emptying one cylinder, and oxygen or nitrogen contamination.

sampling internal reaction products The cylinder was then patched.

fronl the other cylinder. Details of removed from the storage yard. and

the procedures followed in these valved at ambient temperature into

examinations and rel-ted problems the cascade. After removal of the

are described in a companion paper UF 6. the breached area was X-rayed

presented at this Conference (i). and the internal cylinder surface in

Another companion paper (2) presents the area of the hole was imaged in

the chemical findings uncovered in the X-705 annex using a miniature
these examinations and their general video camera mounted on a flexible

implications for continued cylinder cable. Presently. this cylinder is

storage. The present paper in storage awaiting sufficient

discusses the failure cause and the radioactive decay to allow removal
associated lessons learned that can and evaluation of the material still

be applied to improvements in plugging the hole and metallographic

cylinder design and cylinder storage examination of the cylinder wall.

practices. Members of the

investigation team who were To clear a path to the cylinder with

instrumental in the failure analysis the larger hole, 60 neighboring

consisted of Energy Systems cylinders had to be moved. The

personnel (Jack DeVan, Chairman, pressure in this cylinder was above

John Barker, John Googin. atmospheric (+8 psig at 85°F) and
Tim Butler. and Mike Taylor) and contained elevated concentrations of

Department of Energy representatives HF. The hole was covered by an

Bob Dyer and Joe Russell. An aluminum patch, and core samples of

interim final report covering their the salt underlying the hole were

investigation was issued in taken through two ports in the patch

September 1991 (3). for chemical analyses. The cylinder

was weighed for accountability and
then valved into the cascade.

INVESTIGATION STRATEGY Evacuation was begun in the same
manner as for the cylinder with the

smaller hole and was continuing at
The lesser damaged of the two

the time of this report.
cylinders was investigated first.

since it was hoped that the initial
cause of failure would be less

DESCRIPTION OF FAILURES
obscured by subsequent exposure of

the cylinder contents to the ambient The larger of the holes found in the

atmosphere. To access this two breached cylinders at Portsmouth
cylinder, over 200 stacked cylinders

had to be moved with the Raygo is pictured in Fig. I. The area of

Wagner loader. Several nearby salt exposed by the breach was

cylinders were observed to be approximately 9 in. along the axis
dented at, or near, the location of the cylinder and 13 in. from top

to bottom. Viewed from the valve
where both failures had occurred.

These other cylinders were examined end, the hole was centered at the
for cracks: however, none was found. 9 o'clock position and extended

Once access had been gained the under the nearest stiffening ring.
' The upper corner of the lifting lug

cylinder was pressure checked and a

gas sample taken for chemical of the adjacent cylinder was

analysis. As would be the case for positioned at the approximate center

an undamaged cylinder, the internal of the hole. A green-colored,

pressure was still less than jagged, fluoride salt layer covered

atmospheric (-4 psig at 85°F), and the exposed hole area slightly below
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the original solid UF 6 surface, and depth of .13 in. None of the other

a similarly colored layer of salt neighboring cylinders showed any
covered areas below the hole and on evidence of corrosion.

the underlying cylinder. Some

loose, green salt deposits were also The smaller of the two holes is

found on the top of the underlying pictured in Fig. 2. The hole lies

cylinder and on the concrete pad at the 3 o'clock position when the

directly under it. Removal of the cylinder is viewed from the valve

salt deposit from the underlying end. Like the larger hole, it was

cylinder revealed a series of vein- positioned at a point close to the

like grooves etched into the front stiffening ring and again was

cylinder surface. The grooves were located directly under the top

relatively widely spaced and shallow corner of the lifting lug of an

near the top of the cylinder but adjacent cylinder. The upper

converged into a much deeper groove circular section of the hole

over the right-hand quadrant of the (Fig. 2) was approximately 2 in. in

cylinder, where it reached a maximum diameter and was concentric with the

juxtaposing lifting lug corner. A
lower tear drop section extended

approximately 2 in. below the

_ig. I. Appearance of large hole, Fig. 2. Appearance of smaller hole.

Width is 9 in. and length Width is 2 in. and length
is 13 in. is 4 in.
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circular section. Green salt associated with the exposure of UF 6

deposits covered the lifting lug and to air and moisture (Fig. 2) ,
completely obscured the hole until evidence for the initial failure

the lug was pulled away, (Because cause was afforded by examinations

the green salt deposit closely of neighboring cylinders, which

matched the color of the paint indicated a relatively high

covering the cylinder, very careful incidence of dents caused by the

inspection was required to spot the lifting lugs of adjacent cylinders.
hole when viewed from the front of In most cases, these dents were

the cylinder). There were no salt sufficiently far away from an

deposits on the underside of this unyielding stiffening ring that they

cylinder and only a small green spot could be accommodated by dimpling of

(about the size of a dime) on the the shell rather than tearing. The
concrete pad directly under the small-hole cylinder sustained such a

hole. Although examinations of dent at the end opposite from where

neighboring cylinders showed no the hole occurred. Although the
effects directly resulting from this degree of indentation here appeared

failure, several of the neighboring to be of the same order as that

cylinders did show minor mechanical which occurred at the failed end.

damage attributable to improper the indent was not restrained by the

spacing (overcrowding) and stiffening ring and there was no

misalignment of lifting lugs. indication of cracking in this
location. In the few instances

where lugs were found to have

PROBABLE FAILURE CAUSES impinged much closer to the

stiffening ring, the degree of
The team's analysis indicated that indentation was insufficient to have

the smaller of the two holes had caused failure. However, in these

been initiated by a through-wall cases the indents in fact appeared
crack that occurred at the time of as small tears.

stacking. The crack resulted from

the impingement of the upper corner Other support for the stated failure

of the lifting lug of an adjacent mode comes from drop tests performed

cylinder, which deformed the shell on &imilarly designed cylinders at
of the subject cylinder in the Paducah. A consistent observation

immediate vicinity of the front in these tests has been the

stiffening ring. Because of the susceptibility of the cylinder shell

restraint afforded by the l-in.- to tearing when it was impacted next

thick stiffening ring, this to the stiffening ring (4). The

deformation led to tearing of the tests also showed that the 5/16-in.

shell along the fusion line of the A516 steel plate used in the

weld joining the shell to the manufacture of the small-hole

stiffening ring. Conditions cylinder was particularly prone to

contributing to the puncture were: lamellar tearing along the fusion

(i) an insufficient separation line of the stiffening ring weld.

distance between the cylinders, Failures by this mode were already

which resulted from too tight a on record for at least two other

spacing of the wooden saddles under cylinders made from this particular

the cylinders, and (2) the offending grade of steel. The first occurred

lifting lug being placed at a in March 1978 when a cylinder was

position of 7 o'clock rather than accidentally dropped onto a wooden

the desired 9 o'clock position, saddle and the second, in March

Although the original breach had 1982, by an indeterminate cause

been largely obliterated by the during shipping on a railroad
extensive wastage of the shell flatcar, lt was shown by Blue (4)
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that sulfide inclusions in this point would be required to make

steel adversely affected its impact contact with the adjacent cylinder
properties transverse to the rolling and, because of the relatively close

direction - a problem that is position of the lifting lug to the

exacerbated by welding, which stiffening ring. to initiate the

concentrates the inclusions along type of tearing fracture discussed

the weld fusion line. Based on above. Operators at Portsmouth. who

these findings, the allowable sulfu_ have experience in stacking these

content was reduced in the cylinders, confirm that difficulties

specifications for all cylinders in visual perception and in

subsequently built with A516 steel steadying the cylinders make this

components, sequence of events entirely

plausible.
In common with the smaller hole. the

larger hole is located in the region The shell of the larger-hole

of a stiffening ring with the corner cylinder was fabricated of a

of the lifting lug of the adjacent different grade of steel than the

cylinder again positioned near the smaller-hole cylinder. The former

center of the hole. Again. the was made of A285 and the latter of

spacing between the failed and grade A516. A change from A285 to

adjacent cylinder was less than the A516 occurred shortly before the

desired minimum. However. unlike smaller-hole cylinder was built

the small-hole cylinder, physical because the fracture toughness

measurements at the outer properties of the latter grade were

circumference of the large hole nominally better at low temperatures

showed that a small gap had actually (K0°C). However. given the probable

existed between the corner of the temperature of the cylinder and its

opposing lifting lug and the contents at the time ef stacking.

original outer circumference of this the A285 cylinder should not have

cylinder. Thus. while the positions been any more vulnerable to fracture
of the two failures, with respect to than one constructed of A516. In

the stiffening ring and lifting fact. based on drop tests of

lugs. are quite similar and point to cylinders built with the A285 grade.
a common failure mechanism, any this material has even better

impingement of the lifting lug on toughness properties than the

the large-hole cylinder must have particular A516 heat used in

occurred before, not after the constructing the small -hole

cylinder reached its rest position, cylinder. Nevertheless. experience

This caveat seems reasonable given during shipping and handling of
the stacking situation for this these cylinders has shown that

cylinder. Unlike the small-hole tearing near the stiffening rings
cylinder, which was at ground level can occur with even the best of

and supported by wooden saddles, the these materials.

large-hole cylinder was in the

second tier and was therefore As discussed in a companion

positioned in a crease formed by two paper (2). corrosion played a major
underlying cylinders. If either role in these failures once the

this cylinder or the one opposing it cylinders had been breached.

had been lowered and released into a However. the investigation team

position that was slightly away from could find no evidence that

the lowest point of the crease, a corrosion might have contributed to

rolling motion would be set up as the initial break in the wall. Wall
the cylinder moved to its rest thickness measurements were

point. Given the tight spacing, performed at numerous points around

only a slight movement past the rest both failed cylinders, and there
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were no indications of wall thinning 12 picocuries/gram, and the rest

at any point" other than in the were below 8 picocuries/gram.

immediate vicinity of the holes. (A level of 30 picocuries/gram is

Even at crevice regions, which are permitted for landfill disposal.)

the most susceptible to atmospheric The source of this activity appeared
corrosion, there were no indications to be water runoff from the

of localized attack or pitting, cylinder, which crossed the concrete

pad and entered the ground at the

edge of the pad where the new road
ENVIRONMENTAL IMPACT attached.

Analysis of an air sample taken near An analysis of the chemical

the large hole showed approximately processes accompanying the formation

1 ppm HF. Contamination surveys of and growth of the cylinder holes was

the concrete pad in the vicinity of used to estimate the mass of UF6

the large-hole cylinder showed that could have escaped the

negligible contamination, except in cylinders as unrecovered material.
the area directly under the hole and Lower bounds were determined from

along a short track where water comparisons of the pre- and post-
runoff had deposited traces of UF 4. failure cylinder weights together

This area was successfully with recovered solid and gaseous

decontaminated without removing any products. Upper bounds were

of the pad surface. Contamination estimated from a corrosion model (2)

of cylinder surfaces in the that predicted the reaction paths

immediate vicinity of the leaking for UF6 and the masses of uranium

cylinder was minor except where reaction products not necessarily
there were visible traces of UF 4. accounted for in the weight

Surfaces of four neighboring measurements. The unrecovered mass

cylinders (in addition to the failed of UF6 from the longer-term failure

cylinder) required decontamination, (13 years) was estimated to be
which again was completed using between 17 and 109 ibs. In the case

conventional swabbing techniques, of the shorter -term failure

Before decontaminating the area (4 years), the unrecovered UF 6 was

around the cylinder, approximately below measurable limits but possibly
15 ibs of UFd- c 9ntaining salt were amounted to 4 ibs.

collected from the pad under the

cylinder and as loose deposits on

the cylinder directly under the IMPLICATIONS OF FAILURES ON PRESENT

failed one. In the case of the STORAGE POLICIES

small -hole cylinder, contamination

surveys showed negligible Cylinder Design Faults - Based on
contamination, except in the the overall failure statistics for

immediate vicinity of the hole. and the 14-ton. depleted UF6 cylinders.

smears of the pad under the cylinder the mechanical design has proved

showed negligible alpha/beta generally reliable and well suited

readings, to the required filling and handling

operation ._ Nevertheless. an

One of the soil samples checked when obvious design change that could

preparing the roadway to access the reduce the probability for the type
large-hole cylinder indicated of failures observed here is to

contamination above background round the upper corner of the

levels. Several samples were then lifting lug. Other modifications

surveyed from soil debris left by that would divert impacts away from

road construction. One sample the area of the stiffening ring weld

had a maximum activity of include welding a band around the
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outside diameter of the stiffening probably contained segregated

ring or devising removable shields sulfide inclusions, which may have

(bumpers) that can he placed on the increased the risk for the type of

lifting lugs during stacking. These damage (tearing) that ultimately

failures also point to a need for occurred. However. current

qualification testing that would specifications for this steel call

assess mechanical properties in the for a lower sulfur level to avoid

context of storage requirements, the sulfur segregation problems, so

where external pressures acting on this issue is not relevant to

the cylinders need to be addressed cylinders being manufactured today.

as well as internal pressure. Furthermore. the failure in the

Paducah personnel responsible for larger-hole cylinder, which is made

qualification testing of the of A285 steel, indicates that. even

cylinders have indicated (5) that without sulfide inclusions, tearing
mechanical tests could be included can result from an impact near the

in their test program to evaluate stiffening ring. Thus, the failures

the effects of external loads observed here appear endemic to the

typical of lifting lug impacts, cylinder design and cannot be tied

particularly forces required to to insufficiencies in the types of

penetrate the cylinders. Without steels specified.
such tests, there is currently no

methodology for recommending design Integrity of Neighboring Cylinders -

changes to the shell that would make The heat of A516 ste_l used in the

it more resistant to handling manufacture of the Bmaller-hole

mishaps, such a as sharp impacts, or cylinder has been showr_ to be more

to movements induced by ground vulnerable to a tearing failure

tremors o_ shifting between along the stiffening ring weld than

cylinders, steels used before or since. It is

particularly important that other

An issue related to cylinde= design cylinders made from this same heat

i_ the selection of the material to of A516 be fully inspected and kept

be used as the pressure boundary, under surveillance if evidence of

The selection process for the steel mechanical damage near the

for these cylinders has been very stiffening ring is found.

exacting, with input from a Furthermore, in the unstacking of

relatively long history of cylinders to gain access to the
acceptance tests and a large service subject failed cylinders at

data base. The A516 grade currently Portsmouth, cylinders were

specified for the 14-ton cylinders identified that have dents near the

was adopted because minimum stiffening ring weld. Although

toughness properties could be subsequent non-destructive

included in the acceptance test examinations of these cylinders

requirements for this grade. It showed no detectable cracks and

replaced the A285 grade, which had they. therefore, were restacked, the

no toughness requirements as part of affected cylinders should be kept

the purchase specification, under surveillance and periodically

Although both grades are considered inspected. The same requirement

acceptable in terms of their should be extended to cylinders for

toughness properties at the expected which mechanical defects have been

cylinder service temperatures. A516 noted or which are obviously

is obviously preferred for quality vulnerable to impingement by a

assurance reasons. Metallurgical neighboring cylinder.
tests at Paducah (5) have indicated

that the heat of A516 steel used to The cylinder directly below the

fabricate the smaller-hole cTlinder large-hole cylinder was corroded by
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HF-containing reaction products to a or the shifting of one cylinder

maximum depth of 0.13 in. Although relative to another. These failures
the resultant loss of wall thickness also emphasize the vulnerability of

posed no problems in moving the the cylinders to impact damage by

cylinder, the thickness was below projectiles and jostling from

that allowed for liquid feeding back earthquakes. Inspections of the

to the diffusion plant, and warm cylinder storage yards at all three

feeding will have to be used to diffusion plants, conducted in the

empty this cylinder. Based on the course of this failure analysis,

experience here, it must be accepted indicated that the sequence of
that failure of a neighboring events leading to these two failures

cylinder could be induced by has a relatively low probability of
breached cylinders, provided that occurrence and does not reflect a

the neighboring cylinder is in the generic problem. Nevertheless, some
line of movement of HF-containing of the circumstances contributing to

reaction products. Such an induced the failures, such as insufficient

failure could have potentially spacing between adjacent cylinders

serious consequences if: (I) the and improperly oriented lifting

damaged area was so extensive that lugs, are common among several of

it precluded patching or moving the the storage sites. Thus, the

cylinder or (2) it formed nearthe possibility that additional

top of the cylinder where there was cylinders may have sustained damage

very little solid UF 6 available to by the same means, while considered

act as a plug to prevent the spread quite small, cannot be completely
of contamination. The latter ruled out because not all cylinders

scenario reinforces the importance can currently be viewed in their

of early detection of failures of entirety. In some yard locations at

the type incurred here and all three sites, cylinder rows are

emphasizes the need for inventorying stscked too closely for a thorough

and maintaining surveillance on any visual inspection. Because of the

damaged cylinders currently in effective plugging by the reaction

storage, products of the two exposed areas,
the contamination from any

Potential Accident Scenarios and unidentified cylinders damaged from

Remedial Actions - Until the present the same cause should be minimal as

failures, the primary concern with was the case with these two

the existing thin-wall cylinder failures. Nevertheless, a concerted

design for long-term storage was effort is needed to identify and
corrosion. This stemmed from the empty such cylinders.

assumption that, once the cylinder

had been transported to the cylinder The information gained from the

yard and stored, corrosion should be present failures provides

the oniy factor to reduce mechanical significant insight into the effects
integrity. These failures indicate of cylinder failures that occur

that mechanical factors can have an below the solid-vapor interface of

influence on cylinder lifetime even the cylinder. The environmental

after stacking. One problem stems effects associated _ith the smaller-

from mechanical damage induced at hole cylinder failure (which went

the tail end of the stacking undetected for 4 years) were

sequence, which has remained minimal, and the cylinder was moved

undetected by prevailing inspection and emptied with little difficulty.

procedures Another problem stems Even in the case of the larger hole,

from damage that can occur even formed over a period of 13 years,

after the cylinders are stacked .due e" e environmental insult was minimal

to one cylinder resting on another =_ it existed on the site at the
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time of discovery. Unfortunately. where deflection of the cylinder

the present failures do not allow a could occur only by tearing the
full assessment of breaches which cylinder (the exact force to

occur nearer the top of the fracture a thin-wall cylinder is

cylinder, i.e., in the vapor space, unknown). The impacts appear to

Scenarios have been proposed in have punctured the cylinders and
which extreme conditions could lead thereby set up corrosion processes

to a steam-driven expulsion of that greatly extended the openings

contaminated liquid and HF from the in the wall and obliterated the

cylinder, although this situation original crack. Fortunately, the

appears unlikely if the breaches are reaction products formed by this
small, i.e.. detected in a process proved to be relatively

reasonable time span(_l to 2 years), protective and prevented any large-

In any case. an experimental effort scale environmental insult or loss

should be directed at examining the of uranium.

long-term effects of a hole nearer

the top of the cylinder with water Factors that facilitated the
introduced under controlled failures were inadequate spacing

conditions, between cylinders and deviations in

the orientations of lifting lugs
To counter the causes and effects of from their intended horizontal

the present failures, the most position. In both failure cases.

important remedical action involves neighboring cylinders were crowded

improved handling and inspection and lugs were misaligned to the

procedures. Routine inspections of point where dents due to impinging

all stockpiled cylinders can lugs could be found. Thus. although

effectively limit the impact of the current cylinder design is

potential future failures by a particularly vulnerable to punctures
similar cause. Inspections of the near the stiffening rings, the

cylinders at the time of stacking present failures stem more from
should be instituted to verify that handling and stacking procedures

no mechanical defects exist and that than from design inadequacies.

the spacing between cylinders is However. design changes that could

adequate. Where inspections reveal be beneficial involve rounding the
that mechanical defects exist, or lifting lug profile and modifying

that determinatlons of such defects the present paint scheme to a color

are precluded because of poor access that contrasts with that of UF 4. An

to the suspect areas, such assessment of the failures

situations should be noted and experienced here indicates that the

covered by surveillance procedures, associated environmental impact can

be greatly reduced by a more

rigorous visual inspection during

CONCLUSIONS AND RECOMMENDATIONS the stacking operation and routine

inspections thereafter. In the four

An examination of the two failed years that elapsed in forming the

cylinders, together with inspections _maller hole. there was no

of neighboring cylinders, indicated measurable quantity of unrecoverable

that the failures most probably uranium lost. With adequate

resulted from mechanical damage that inspection and monitoring, both of
occurred at the time that the these incidents most likely would

cylind=rs had been pl_ced in the have been detected early enough to

storage yard. In both cylinders have avoided any significant impact
evidence pointed to the impact of a on the environment or loss of

lifting lug of an adjacent cylinder inveiLtory. However. the inherent

near the front stiffening ring. difficulty of visually inspecting
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CRACKED LIFTING LUG WELDS
ON

TEN-TON UF6 CYLINDERS

Ronald E. Doming II
Portsmouth Gaseous Diffusion Plant

Martin Marietta Energy Systems, Inc.
Piketon, Ohio 45661

ABSTRACT lifting fixtures that attach to the cylinder lifting lugs.
The cylinders are lifted using cranes at the feed

Ten-ton, Type 48X, UF6 cylinders are used at the facility,the sampling and transfer facility,and at the
Portsmouth Gaseous Diffusion Plant to withdraw product withdrawal facilities. The other method of
enriched uranium hexafluoride from the cascade, moving UF6 cylinders is by straddle carrier. This
transfer enriched uranium hexafluoride to customer type of equipment, which lifts the cylinder using the
cylinders, and feed enriched product to the cascade, bottom fiats of the cylinder lifting lugs, is used to
To accomplish these activities, the cylinders are move the solid-UF6 cylinders between facilities.
lifted by cranes and straddle carriers which engage
the cylinder lifting lugs. In August of 1988, weld In August 1988,while conducting a pre-operational
cracks on two lifting lugs were discovered during visual inspection of a full ten-ton cylinder, an
preparation to lift a cylinder. The cylinder was operator observed apparent weld cracks in two of
rejected and tagged out, and an investigating the lifting lugs. The cylinder was rejected and
committee formed to determine the cause of tagged out-of-service pending an investigation. The
cracking and recommend remedial actions. Further apparent cracks occurred along the horizontal weld
investigation revealed the problem may be general between the lifting lug and the cylinder stiffening
to this class of cylinder in this use cycle, ring. Code Inspection and Quality Control

performed a preliminary investigation and
This paper discusses the actions taken at the confirmed the presence of two cracks. The visual
Portsmouth site to deal with the cracked lifting lug inspection of the welds was hampered by the
weld problem. The actions include inspection cylinder paint and the rusted condition of the
activities, interim corrective actions, metallurgical cylinder surfaces.
evaluat:.on of cracked welds, weld repairs, and
current monitoring/inspection program. Two formal investigating committees were assigned

to define and resolve the problem. One committee
INTRODUCTION (chaired by the DOE) was charged with

determining the cause of the weld cracking and the
The daily operation of the Portsmouth Gaseous magnitude of the problem. The second committee
Diffusion Plant necessitates the handling (lifting)of (the standing Uranium Handling and Safety
ten-ton heavy-wall, Type 48X, cylinders (Figure 1). Committee) was assigned the responsibility of
These cylinders are used in the toll enrichment cycle determining technically sound and safe methods to
to withdraw low-assay product from the cascade, handle cylinders with the weld cracks, and also to
and are subsequently processed at the sampling and identify methods to repair the cylinders.
transfer facility to fill customer orders. The ten-ton
cylinders are also used to supply UF6 to the cascade INTERIM ACTIONS
at the feed facility. These operations ali require
routine heating in steam heated autoclaves, as well Inspection of ali ten-ton cylinder lifting lug welds
as lifting of the cylinders, prior to transfer operations was initiated using dye

penetrant inspection techniques and qualified

The most common method of lifting cylinders at the inspectors. The initial inspection of 88 cylinders
Portsmouth site employs cranes fitted with special resulted in 50 rejected cylinders (57 % rejection

289
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rate), with many having more than one cracked Examination of the crack surface indicated that the

lifting lug weld. Figure 2 shows the typical crack extended through about 75% of the weld.
indication observed using the dye penetrant The crack surfaces were heavily oxidized which
inspection technique. Similar inspections were destroyed the fracture features. Scanning electron
initiated at the Paducah Gaseous Diffusion Plant, microscopy analysis of the fracture surfaces revealed

and yielded similar results thereby confirming that some isolated gas pockets in the weld, but they were
the problem existed throughout the uranium not considered to be significant contributing factors
enrichment complex, in the cracking.

The dye penetrant inspection of the lifting lug welds Metallographic examination of the cross sectional
necessitated the removal of the paint and the surface revealed a typical weld microstructure
oxidized surfaces using a glass-bead blasting consisting of a heat affected zone and a dendritic
technique. This cleaning technique generated weld structure. The corrosion attack was more
concerns that small cracks could escape detection, pronounced in the weld and heat affective zone
Therefore, magnetic particle inspection was regions than it was in the bulk material. The fillet
employed and found to be more sensitive. In weld displayed good fusion and adequate
addition, the magnetic particle technique could also penetration.
detect subsurface cracks and flaws that the dye
penetrant technique could not.

Special handling procedures were issued to permit . :
handling of the cylinders requiting repair. The
cylinders that had cracked lifting lugs were ........
evaluated to determine if sufficient weld remained

to permit the safe movement of the cylinder. In
cases where extensive weld cracking was found, the .........

:.-.%: _,_ _,_,_.

cylinder was lifted using "belly bands'.
.(.

..

Procedures were also written and implemented to ........
field-repair the cracked horizontal welds. The ..,

,,z

repair procedures required the removal of the

cracked weld, replacement of the weld (monitoring ,i._:_._:_::
heat input to the cylinder), and seal welding ......._'_-._--........

between the lifting lug and the stiffening ring '7_i._,_i:',,.._,,.._--. _ B
(vertical weld), if feasible. The procedures also

required dye penetrant inspection to assure that ali
of the crack had been removed and that the new ....." _ _

weld was acceptable. ............

..... 7:,".:. -:__ ,- " •

METALLURGICAL EVALUATION ....... :' ....

Two cracked lifting lug-to-stiffening ring welds from
a ten-ton cylinder were evaluated to aid in FIGURE3
determining the cause of the weld cracking. Initial Rough Cut Stiffening Ring (A) To
rough cutting of the lifting lug from the cylinder Lifting Lug (B) Weld Showing a

revealed a large amount of corrosion by-products Cracking of the Weld and Location
between the stiffening ring and lifting lug, Figure 3. of Corrosion Products (Arrows).
The crack was then propagated to failure by cooling
in liquid nitrogen and impact loading, resulting in
an induced brittle fracture zone.
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FIGURE 2

Lifting Lug Stiffening Ring Assembly Containing a Crack
in the Horizontal Weld (Black Arrow). The Location of the

Lifting Lug/Stiffening Ring Seal Weld is Given by Arrow A. (0.65X)
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Metallographic examination of a second horizontal M E T A L L U R G I C A L E V A L U A T I O N
lifting lug-to-stiffening ring weld indicated a partial CONCLUSIONS
crack in the weld root, Figure 4. This crack would
not have been found by visual or dye penetrant The cause of the lilting lug to stiffening ring

inspection techniques, and probably was too deep horizontal-weld cracking in ten-ton cylinders was
for magnetic particle technique detection. This attributed to corrosion resulting from repeated
crack was wider in the middle than on either end, autoclave steam heating. The corrosion reduced the

suggesting a hot crack or internal weld flaw that cross sectional area of the weld fillet, resulting in a
later propagated through the root. A weld hot stress concentration, and more significantly
crack generally occurs as a result of excessive heat produced corrosion product which stressed the weld
input due to a large root gap (poor fit up) requiring joint by applying a force between the lifting lug and
more filler metal. The entire length of the crack stiffening ring. Another contributing factor was the
including the crack tip displayed a buildup of poor fit of the lifting lug to the stiffening ring. The
deposits which were found to be high in iron and poor fit (large gap) required more heat and filler

oxygen. The surface oxidization had destroyed most metal, and resulted in hot cracks in the weld root
of the fracture features. The tip of the crack during cooling.

appeared to consist of an intergranular fracture
mode. It was concluded that the current weld repair

procedures should be continued, including the seal
welding to prevent moisture buildup between the
lifting lug and the stiffening ring. It was also
concluded that a periodic inspection of these welds
prior to processing of the cylinders program should
be established. A time frame of one to two years

between inspections was deemed adequate to detect
the presence of weld cracking.

CURRENT STATUS

The lifting lug to stiffening ring weld cracking on
ten-ton cylinders has been brought under control at
the Portsmouth site. The most recent magnetic

particle inspection of 510 cylinders indicated that
therejection rate has dropped to 24%. None of the
welds that were previously repaired were found
cracked. Since seal welding of some of the
cylinders is not practical, a continual inspection
program is in place to assure that the weld cracking
problem remains in check.

"The ,,ubraittedmanuscripthasbee- authoredbya contractor
FIGURE 4 oi the U.S. Government under Contract No. DE-AC05-

Etched (3% Nital) Surface of a Cylinder 76OR00001. Accordingly, the U.S. Government retains a
nonexclusive, royalty-free license to publish or reproduce the

Lifting Lug (A) to Stiffening Ring (B) Weld. publisacd form of this conlribution, or allow others to do so,
Note the Crack Located in the Weld Root tor U.S.Goverament purposes."

(Arrow). A large Amount of Corrosion
Products Fill the Wide Gap Left from Poor Fit.
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