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URANIUM HEXAFLUORIDE:
HANDLING PROCEDURES
AND CONTAINER CRITERIA

Foreword

The U.S. Energy Research and Development Administration's (ERDA) procedures
for packaging, measuring, and transferring uranium hexafluoride (UFG) have
been undergoing continual review and revision for several years to keep them
in phase with developing agreements for the supply of enriched uranium.

This report, first issued in 1966, was reissued in 1967 to make editorial
changes and to provide for minor revisions in procedural information.

In 1968 and 1972, Revisions 2 and 3, respectively, were issued as part

of the continuing effort to present updated information. This document,
Revision 4, includes primarily revisions to UFg cylinders, valves, and
methods of use.

This revision supersedes all previous issues of this report. The procedures
will normally apply in all transactions involving receipt or shipment of
UFg by ERDA, unless stipulated otherwise by contracts or agreements with
ERDA or by notices published in the Federal Register.

Any questions or requests for additional information on the subject matter
covered herein should be directed to the United States Energy Research
and Development Administration, P. O. Box E, Oak Ridge, Tennessee, 37830,
Attention: Director, Uranium Enrichment Operations Division.






Contents
INTRODUCTION + & v &« ¢ o« o & o« o o o & o @
STANDARD PACKAGING INFORMATION . . . .« . .
2.1 Cylinder Packaging Limits . . . . «

°

2.2 Inspection, Cleaning, Testing, and Repairing of

Prlvately Owned Cylinders . . . .
1 General . . ¢ v ¢ ¢ 4 & « @
.2 Feed Cylinders . . .
.3 Product and Tails Cyllnders .

CYLINDER FILLING AND EMPTYING PROCEDURES .
3.1 General . . . . ¢ 4 ¢ 0 4 s e e s e e
3.2 Typical Plant Systems . . . . . . . .
3.3 Cylinder Filling Procedure . . . . .
3.4 Cylinder Emptying Procedure . . . . .

WEIGHING PROCEDURES . ¢ o « v s o o o
L,1 General . . . . . . . . . e e e
4.2 General Weighing Prlnc1ples o e e e s

SAMPLING PROCEDURES '+ ¢ ¢« 4 o ¢ o o o o &
5.1 General . . . . o e e e e e e e e .
5.2 General Sampling Pr1nc1ples e e e e e

HIPPING . + o o o o o o o o o o o o o« =
General . + « o« ¢ + ¢ o o ¢ o o @
Regulations . . . . . . . e .

]
6
6.
6.
6.4 Protective Overpack Inspection . . .
6 Empty Cylinders . . . . « « « . .
APPENDIX . . . . . e b e e e e e e e s
7.1 Standard Cyllnder Information . . . .
Tel.1 Introduction . . . . . « « « .
T.1.2 Cylinder Valves . .

7.1.2.1 Hoke Nos. h618NhM ané ﬁ6é8ﬁhﬁ .

7.1.2.2 Hoke No. 242216LM2 (or Approved
T.1.2.3 Three-Quarter-Inch Valve . o e
7.1.2.4 One-Inch Valve . . .« « « « . .
T.1.3 Requirements for UFg Cylinders . e . .
7.1.3.1 Design and Fabrication . . . .
T.1.3.2 Reports, Certification, and Records
T7.1.3.3 Certification of Cylinders and Valves

of Non-U.3. Origin

I
1
2
3 Protective Overpacks for Full Cylinders
L
5

-

4 Cylinder Heel Recycle (Model 304

.

.

o

°

.

-

°

-

°



7.2

7-3

vi

CONTENTS, Continued

7.1.4 Cleanliness . . . . .
7.1.4.1 New Cylinders

[y

-

®

.

°

.

Cylinder Valve and Plug Replacement

.

»

°

Cylinder Cleaning and Decontamination
Inspections, Tests, and Maintenance .

.

. -

7.1.4.2 In-Service Cylinders
7.1.4.3 Cylinder Outer Surfaces
T.1.h.k

T.1.5 Service
7.1.5.1 Routine Inspections
T.L.5.2 Periodic Inspections and Tests
7.1.5.3 Cylinder Maintenance .
7.1.5.k
7.1.5.5 Three-Quarter-Inch Valve Wear

Inspections .

Safety Considerations . . . « « « .

T.2.1 General . « « v o ¢« o o o o

T.2.2 Hazards and Precautions . . .
7.2.2.1 Handling Cylinders of quuld
7.2.2.2 Overfilling Cylinders
7.2.2.3 Overheating Cylinders
7.2.2.4 Iocalized Heating .
7.2.2.5 Damaged Cylinder Valves
7.2.2.6 Manifold Connection Leaks
T.2.2.7 Releases of UFg. . .
7.2.2.8 Radiation . . .
7.2.2.9 Mechanical Hazards .

T.2.3 Criticality Control .

Chemical and Physical Properties of UF6

7.3.1 General . . . . « . .
7.3.2 Chemical Properties .
7.3.3 Physical Properties .

°

.

.

.

.

.

.

.

°

-

°



1. INTRODUCTION

This report has been prepared to better acquaint the nuclear industry

with UPg shipping containers and handling procedures. The information
contained herein covers the essential aspects of packaging, cylinder
£illing and emptying, and the general principles of weighing and sampling.
Shipping methods are discussed in very general terms. All UFg shipments
to or from the ERDA facilities are f.o.b. the ERDA facilities. It is

the responsibility of industry to provide the necessary shipping containers
and transportation.

It should be noted that equipment and procedures described are general and
may vary at different ERDA facilities. As a specific example, weighing
devices are not identical at all sites; however, basic operating principles
are implemented at all sites. More detailed information regarding weighing,
sampling, and analytical procedures is contained in Report ORO-671, Procedures
for the Handling and Analysis of Uranium Hexafluoride, Volumes 1 and 2.

The quality of feed material is important to the safe and efficient operation
of ERDA enriching facilities. The purity of product UFg from ERDA enriching
faclilities is also important to product users. These considerations have
been the impetus for an aggressive effort by ERDA and its contractors to
improve the accuracy of chemicgl and isotopic analytical techniques. Also,

a quality control program is maintained to ensure that the required ac-
curacy and precision for the various ERDA measurements are obtained.

It is important that weights and related analytical data be reported in a
similar manner by both shipper and receiver. Appropriate material transfer
forms on which the data may be reported are available from ERDA.

Considerable effort has been made by the nuclear industry to standardize

UFg cylinders and has culminated in the issuance of Standard N1kL.1-1971,
Packaging of Uranium Hexafluoride for Transport, issued by the American
National Standards Institute (ANSI). A revised standard, N1L.1-1977, is

to be issued by ANSI, and excerpts, including drawings of standard cylinders,
are contained in Section 7.1 of this document.

A discussion of safety considerations and a brief description of the physical
and chemical properties of UFg are given in Sections 7.2 and T7.3.






2. STANDARD
PACKAGING INFORMATION

2.1 CYLINDER PACKAGING LIMITS

The UFg supplied by ERDA is packaged in cylinders which vary in shape
and size, depending on the total quantity and/or the uranium-235 assay
(wt % uranium-235) involved. The packaging limits for each standard
cylinder are given in Table 3, Section 7. The UFg shipped to ERDA
facilities in the standard cylinders must conform to the fill limits and
maximum uranium-235 assay listed in the table.

A charge is made by ERDA for withdrawing UFg from the enriching facilities
and packaging it. These charges are published in the Federal Register and
may be revised from time to time.

2.2 INSPECTION, CLEANING, TESTING, AND REPAIRING OF PRIVATELY OWNED
CYLINDERS

2.2.1 General

It is the policy of ERDA to inspect externally all UFg cylinders at the

time of their delivery to and receipt from the carrier. Both the shipper

and receiver should inspect the cylinders and record the necessary data

to facilitate the resolution of any claims for damage. These inspections

are designed to minimize risks associated with filling, emptying, or shipping
damaged cylinders. Examples of acceptable and unacceptable cylinder

damage are given in Figure 1. A typical cylinder inspection data sheet

is shown in Figure 2.

Occasionally, UFg cylinders require cleaning to remove excessive buildup
of hydrogenous materials and other impurities. In addition, it may be
desirable to remove the heel* when UFg of a different isotopic assay is

to be added to the cylinder. ERDA does not normally perform such cleaning
services for privately owned cylinders.

¥fleel refers to the residual gquantity of uranium material which remains
in a cylinder after routine evacuation procedures have been followed.
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EXAMPLES OF
ACCEPTABLE AND UNACCEPTABLE DAMAGE TO UFg CYLINDERS



UFg CYLINDER INSPECTION DATA SHEET

CYLINDER NUMBER CYLINDER MODEL Date Shipped CYLINDER BEING

CI30A @rtom) [C]48A (10ton) [ oo 0" 8 Drte Revoned INSPECTED

[ 308 (2i-ton) [ ] 48F (14-ton Hw) [T avd e Test Date of [ Prios to Being Shipped
OWNER CYLINDER STATUS i [] After Being Receved

3 Fut [ Empty, Heel of Pounds 15| ;T ble [ ]Not A ! [T Prioe to Being Filied

{JAcceptabie ] Not Acceptable Carrer [ Prior to BeingHeated

Cylinder 15 Code Stamped [T ves [ no Cylindet’s Contents Are Selidified [ Yes Jwo
Cylinder is Overfilled: < ne ] Mot
] Mo [T] Yes, NetWeights pounds, M. Allowable Fill Lamit Is pounds, |Accoptable [acceptable |Applicable

A. VALVE:
1. Physical Damage

2. Theead Engage
3. Vatve Cap - Present and in Piace.

I, .
CYLINDER | ® [0/ "o
VALVE . gged with UFg
VALVE’ 2, Contaminated with Other U-Satts or Foreign Matenat
PORT C. PLUGS:
AND 1, Physical Damage
PLUGS 2, Thread E
D VALVE PROTECTOR - PRESENT AND PROPERLY POSITIONED
E. SEAL
Description of Damage (1f any):.
” A. CIRCUMFERENTIAL HEAD SEAM WELD - VALVE END
C'YLINDER B. CIRCUMFERENTIAL HEAD SEAM WELD - PLUG END

C. LONGITUDINAL SEAM WELD.
WELDS  |_ !
escription of Damage (1f any):

”l A. SHELL

; B. HEAD-VALVE END
gl:éﬂ_T_DER C. HEAD-PLUG END.
AND Description of Damage (1f any):
HEADS

A, VALVE END.

B. CENTER

Iv.
STIFFENING|C. PLUG END
RINGS

Description of Damage (1f any):

v A. VALVE END,
y B. PLUG END
SK!RTS Descuption of Damage (1f any):
DATE AND TIME INSPECTED INSPECTED BY

THIS SECTION TO BE COMPLETED BY A QUALIFIED INSPECTOR (FOR DAMAGE REFERRED TO THE INSPECTION DEPT.}

SECTION | Remarks

A DATE IQUALIFIED INSPECTOR
The above item(s) 1s{__] Acceptable {_ ] Unacceptable

THIS SECTION TO BE COMPLETED WHEN THE DAMAGE INDICATED ABOVE IS INSPECTED AND APRROVED BY OTHER THAN INSPECT.
1ON DEPT, PERSONNEL
The foliowing damage has been i1nsp d and app d (with the indicated Limitations, 1f any)

SECTION
B
DAMAGE APPROVED BY TITLE DATE
DISTRIBUTION White - Urantum Control (KYRC} CONDITION LEGEND A . Acceproble
UCN.9009 Blue - Inspection (When Section A s Completed) U - Unacceprable
(8 .73} Buff - Onginator NA . Not Applicable

Figure 2
TYPICAL CYLINDER INSPECTION DATA SHEET
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A standard for UFg cylinders has been established by ANSI. This standard, .
N1k.1, includes only those cylinders which meet all of the acceptance

criteria for UFg handling. Cylinders not meeting the requirements of

this standard, but now in use and having necessary regulatory approval,

are considered to be acceptable for continued use provided they are in-

spected, tested, and maintained within the intent of the ANSI standard.

A 1977 revision of this standard is in preparation.

Cylinders and/or valves not covered by the standard must receive appropriate
approval from ERDA and the Department of Transportation (DOI) before the
cylinders are accepted for shipments to ERDA facilities.

2.2.2 Feed Cylinders

Cylinders of feed material are inspected externally upon receipt and cold
pressure checked to determine that the internal pressure is 10 psia (52

cm Hg), or less. If there is evidence of UFg leakage, leak-control measures
are taken, and the shipper is notified immediately. If the leakage is
caused by a structural defect, the shipper is requested to provide instruc-
tions for the disposition of the cylinder. If the leakage is caused by a
faulty valve, the shipper must provide authorization for valve repair by
teletype or letter. If the internal pressure is greater than 10 psia, the
shipper is requested to provide instructions either to return the cylinder
or cold burp the cylinder at the receiving site. The costs incurred for
valve repair and/or cold burping are billed to the shipper.

The net weight of UFg feed accepted by ERDA shall be that determined to

be the difference between the weights of the cylinder before and after
emptying (gross full weight minus gross empty weight). A reasonable effort
is made to evacuate the feed cylinders so that heel weight is minimigzed.
After routine evacuation has been accomplished, the heel weight should

not exceed the following:

Heel Weight

UFg Cylinder Model 1b kg
5A 0.1 0.05
8A 0.5 0.23
124 or 12B 1 0.45
30A or 30B 25 11.3k
u8a, 48X, LBF, or L8Y 50 22,68

Heels weighing in excess of the above values may require removal by cylinder
cleaning.



2.2.3 Product and Tails Cylinders

Empty clean cylinders which are received for filling with product or tails*
material are cold pressure checked to assure a pressure less than 5 psia
(26 cm Hg), inspected, weighed, and/or leak rated. The inspection may also
include a borescopic examination of the interior of the cylinder. The
empty cylinders must be free of impurities. These impurities, particularly
hydrogenous materials, could contaminate or react with UFg added to the
cylinder.

In leak rating, the empty cylinders are pressured with air to 100 psig and
soap tested. Cylinders should then be evacuated to 5 psia, or less.
Cylinders failing to meet this criterion are rejected until proper repairs
are effected. If the cylinder is rejected because of a faulty wvalve or
plug, the shipper may verbally authorize repair and payment of incurred
cost, and confirm this authorization by teletype. Unacceptability for any
reason other than a faulty valve or plug may be cause for returning the
cylinder to the shipper unused.

2.2.4 Cylinder Heel Recycle (Model 30A or 30B)

Normally, before a cylinder is filled with product UFg, ERDA requires a
clean, dry cylinder. However, frequent and routine movement of UFg from
the uranium enriching plants to a fuel fabricator presents a technically
and economically attractive alternative in the recycle of cylinders con-
taining small quantities of heels.

Approval to recycle cylinders with ERDA facilities must be requested by
the UFg processor. There are three criteria basic to the recycle of
cylinders. The first is positive assurance that the cylinder does not
contain extraneous contaminants and noncondensables (a guarantee, in
essence, that the heel is composed of nothing but UFg). The second is an
as-received cylinder pressure of less than 5 psia (26 cm Hg) vacuum, and
the third is a heel weight of 25 1b (11.3L4 kg) of UFg, or less. Further,
cylinders received for recycle must meet all specifications as shown in
the Appendix, meet cleanliness standards, and have a current hydrostatic
test and inspection date. Failure to meet these criteria will require
decontamination of the cylinder before filling with product.

Since the only safety check on cylinder and valve condition available to
plant personnel is a cold pressure check upon receipt of the recycle
cylinders, it is necessary to have a high degree of confidence and as-
surance in the integrity of the UFg processor's procedures and equipment.
Hence, recycle with a UFg processor is entirely at ERDA's option and is
not only contingent on adequate procedures, but also on their continued
implementation.

#Tails material refers to the uranium-235-depleted waste UFg from ERDA en-
riching facilities.


file:///iranium-235-depleted

Under a recycle program for product cylinders, it should be noted that:

1.

Recycle cylinders containing heels are filled from a parent cylinder
previously filled and sampled and not directly from a withdrawal
position in the enriching plant.

No warranty is made for the UFg after it has been transferred from
the parent cylinder into a cylinder containing a heel. Any questions
relating to the properties or specifications of ERDA-furnished
material are resolved by recourse to the official ERDA samyl taken
from the parent cylinder.

Billing for enriching services is based on the quantity of UFg trans-
ferred to the cylinder containing the heel.




3.CYLINDER FILLING
AND EMPTYING PROCEDURES

3.1 GENERAL

Systems and procedures used by ERDA are designed to accommodate the
physical and chemical properties of UFg and to provide maximum safety and
efficiency. The efficient transfer of UFg is made through a leaktight,
adequately heated system. Safety considerations require compound pressure
indicators and temperature control throughout the system.

3.2 TYPICAL PLANT SYSTEMS

The systems shown in Figure 3 are typical of those used to fill or empty
UFg cylinders. All lines are heated to maintain a temperature in the
range of 175 to 250°F (79 to 121°C). Uranium hexafluoride undergoes large
density changes in the liquid state presenting situations capable of lead-
ing to hydraulic rupture. Therefore, systems and operating procedures

are designed to avoid trapping material without room for expansion. Con-
ditions of this nature exist in an overfilled container; between two
closed valves; or between two plugs in a line formed by wet air inleakage
(UO,F,), solid UFg at a cold spot, or any other obstruction.

Evacuation systems are designed to preclude backflow of oil into the system
or into a cylinder.

Because of their frequent use and the importance of their integrity, system
pigtails are afforded particular attention. Only engineered, inspected
pigtails should be used with UFg systems. Fabrication of pigtails ac-
cording to drawing and specification, use of new virgin Teflon gaskets,

and suitable pretesting and inspection are mandatory to assure quallty
pigtails for connections between UFg systems and UFg feed and withdrawal
cylinders. Typical specifications and drawing references can be found in
Goodyear Atomic Corporation documentation:

Material Specifications GSP-6.21A
Drawing Specification DX-T761-892M
Brazing Specifications GSP-L4.330
Test and Inspection QC-C307

Quality Assurance Plan QA-T61~005
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DWG. NO, G-72-788

FILLING SYSTEM '

LIQUID UF,
PRESSURE INDICATOR
CYLINDER
| PIGTAIL*  VALVE
—Dd -D<—
LIQUID CYLINDER
BLOCK BLOCK
TO

EVACUATION = D<—
SYSTEM % UF, CYLINDER
PURGE GAS

EMPTYING SYSTEM

CYLINDER VALVE
\ PRESSURE INDICATOR
PIGTAIL®
\WAYAS =Y pP<————TO FEED HEADERS
UFg CYLINDER EVACUATION
STEAM BATH
*SEMIFLEXJBLE TUBING CONNECTOR PURGE GAS
Figure 3

TYPICAL UFg CYLINDER FILLING AND EMPTYING SYSTEMS

Additionally, continual field inspections must be conducted to ensure

that the pigtails have not been damaged during use. Kinks, damaged threads,
or insufficient heaters are cause for discontinuing use of the defective
pigtail.

3.3 CYLINDER FILLING PROCEDURE

Liquid UFg is drained by gravity through heated lines and valves into
evacuated cylinders. The liquid is controlled in a temperature range of
175 to 250°F (79 to 121°C). After the UFg has solidified, the cylinder
is vented, 1f necessary, to a low-pressure system to remove contaminants
which are volatile at room temperature.

The following procedural steps are commonly used for filling UFg cylinders
by liquid transfer:

1. The valve protector and other attachments to the cylinder, as well as
foreign material which could cause shipper-receiver weight discrep-
ancies, are removed before the cylinder is weighed (see Section L.1).

2. The evacuated cylinder is cold pressure checked, weighed, leak-rated,
and connected to the withdrawal system.
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3. To ascertain system tightness, all connections are leak-rated to 0.5
psia, or less, and pressure tested to a level equal to, or greater
than, the UFg working pressure.

4, The scale is zerced to take into account the cylinder tare weight.

5. The cylinder valve and pigtail are heated to prevent the solidification
of UF6 N

6. When the connecting lines are sufficiently hot to maintain the UFg
in the liquid phase, the valves to the liquid system are opened.

7. The valves are closed when the cylinder contains the required amount
of UFg, as determined by the observed weight gain.

8. All connections are evacuated to 0.5 psia (2.6 cm Hg), purged, and
reevacuated.

9. The evacuated section is brought to atmospheric pressure with dry
purge gas and the pigtail is cautiously disconnected.

10. The cylinder is weighed to determine the gross weight, and allowed to
cool with the valve in the 12 o'clock position.

11. The cylinder is not shipped until the UFg has solidified and the
vapor pressure in the cylinder is less than atmospheric pressure.

It is sometimes desirable to condense gaseous UFg directly into a cylinder.
This method is applicable only to two-valve cylinders such as Models 54,

8A, and 12B. The source of gaseous U¥g is connected to the valve with the
dip-pipe, and the other valve is connected to a low-pressure system. The
cylinder is cooled in a trichloroethylene-dry ice slush bath or a mechanically
refrigerated system cooled to approximately -25°F (-32°C). Gaseous UFg is
then routed into the cylinder for condensation.

3.4 CYLINDER EMPTYING PROCEDURE

Uranium hexafluoride is removed from cylinders by vaporization or liguid
transfer. The procedure for liguid draining is similar to that described
in Section 3.3 and will not be discussed here.

Uranium hexafluoride is usually vaporized from cylinders with either steam
heat or electrically heated ailr. High heat sources should never be ap-
plied directly to the cylinder surface because of the hydraulic rupture
hazard assoclated with localized heating. Heat must be controlled to
prevent temperatures in excess of 250°F (121°C). To determine when vapori-
zation from a cylinder is complete, the system block valve is closed and
the cylinder pressure observed. The absence of a pressure rise indicates
that the vaporization of volatile material is complete. The following
procedural steps are commonly used for emptying UFg cylinders by vapor
transfer:
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1. After the cylinder is gross weighed, cold pressure checked, and sampled, ‘
it is placed in the vaporizing position and connected to the feed
system.

2. To ascertain system tightness, all connections are leak-rated to 0.5
psia, or less, and pressure tested to a level equal to, or greater
than, the UFg working pressure.

3. The cylinder is valved to a continuous pressure indicator, preheated
as necessary to liquefy the UFg, and the system valves are opened to
start feeding.

4. Feeding is stopped when the desired amount of UFg has Dbeen vaporized
or when the cylinder is empty. The latter is indicated by flow in-

struments or lack of pressure rise as described above.

5. Valves are closed and all connections are evacuated, purged, and leak-
rated.

6. The evacuated section is brought to atmospheric pressure with purge gas
and the pigtail is cautiously disconnected.

T. The cylinder is weighed to determine the actual amount removed.

Section 2.2.2 1lists maximum allowable heels for standard cylinders.
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4. WEIGHING PROCEDURES

4.1 GENERAL

Accurate measurements of gross, tare, and net weights, percent uranium,
and weight uranium are required. The individual measurements are im-
portant because the uranium and uranium-235 weights are obtained as
follows:

Gross weight minus the tare weight provides the net weight.

Net weight multiplied by the percent uranium provides the
uranium weight.

Uranium weight multiplied by the weight percent uranium-235
provides the uranium-235 weight.

Thus, careful attention is given in ERDA facilities to the type, capacity,
precision, and maintenance of scales used for weighing the various sigzes
of UFg cylinders. Table 1 provides information regarding ERDA scales.
Figures 4 through 7 are examples of typical scales and standard weights
used by ERDA. The development of more precise weighing devices may
result in replacement of the scales presently used.

A1l scales used for official weighing, except the fan scale and the equal~
arm balance, are equipped with a printweigh attachment which provides a
permanent record for audit and weight verification. A preliminary weight
is obtained on a platform scale equipped with a printweigh attachment to
provide a printed verification of the official weight obtained on an
equal-arm balance.

Scales are normally enclosed or covered to ensure cleanliness and to pre-
vent damage to the instrument. Scale pans, tare and weigh beams, platforms,
cars, etc., are cleaned, and all building doors are closed to reduce

drafts before any weighing operations are initiated.

Scales and balances are locked out while they are being loaded or unloaded
to prevent damage to the weighing system. Specilal devices, such as lifting
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Table 1

WEIGHING CRITERIA

Cylinder Typical Nominal
Model Scale Capacity Scale Allowable
No. Type of Scale Precision Deviation(a)
1S, 285 Fan 5 kg <+0.5 g(b) +0.5 g
5A Equal-Arm 60 ke <20.5 g(b) £0.5 g
8A, 12A, 12B Platform 800 1b +£0.25 1b £0.25 1b
30A, 30B Platform 10,000 1b +2 1b +2 1D
48a, L8F, LBX, Platform 40,000 1b +2 1b 2 1b
4L8G, L8Y

(a)From the established value during check weighing operations.

(b)ERDA gross, tare, and net weights are reported to the nearest gram.

mechanisms and scale cars operating on and off the scale platform on a
steel track, are frequently used to load and center the cylinders on the
scale platform to protect the scale from damage and to attain maximum
weighing precision.

The tare weight for a cylinder 1s established only after the completely
cleaned cylinder has been evacuated, thus eliminating the weight of con-
tained air which would affect the tare weight. At least two independent
weighings are obtained to establish the tare weight.

Cylinders are always weighed without valve protectors, skids, saddles,
or other removable appurtenances. Valve protectors vary in weight and
are not identified with a specific cylinder.

When a significant shipper-receiver difference is observed, the cylinder
in question is subjected to the following check:

1. After the weight is rechecked, the cylinder is removed from the scale
and the zero is checked.

2. The appropriate check weight is placed on the scale to verify the
reliability of the scale.

3. The eylinder in question is again placed on the scale and weighed.
If the two weights agree within the allowable deviation, as shown in
Table 1, the first weight is considered to be acceptable.
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GAT PHOTO NO. 27-72-1

Figure b

TYPICAL PLATFORM SCALE FOR
WEIGHING UFg CYLINDER MODELS 8A, 12A, AND 12B




PHOTO NO PH-71 625

Figure 6
TYPICAL PLATFORM SCALE FOR WEIGHING
UFg CYLINDER MODELS 30A, 30B, 48X, 48G, AND 48Y
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Figure 7
TYPICAL EQUAL-ARM BALANCE FOR CALIBRATING TEST WEIGHTS
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4.2 GENERAL WEIGHING PRINCIPLES

The primary equipment required includes certified standard weights, test
weights, check weights (or known weights), and scales or balances of
appropriate capacity. The check weights, which are commensurate with the
welight levels of both full and empty containers being weighed, are pro-
vided to verify that the scale is in proper working order. To facilitate
handling, check weights are normally of the same size and shape as the
UFg cylinders being weighed. If the weight obtained for a check weight
differs from its established weight by more than the scale precision, the
scale is rezeroed and the check weight reweighed. If the indicated
weight still differs from the established weight by more than the allow-
able deviation, the scale is recalibrated.

The appropriate check weight is weighed either (1) prior to the first
weighing and after the last weighing of any group of empty or full
cylinders, or (2) on a periodic time schedule determined by the frequency
of use of the scale. The procedure for weighing the check weight (to
verify scale performence) is the same as for weighing UFg cylinders. The
value assigned to each check weight is verified by comparison with a like
mass of standard test weights.¥ The weight is reestablished at any time
that the container is altered, e.g., by painting.

All certified primary standard weights used in the calibration of standard
test weights (working standards) are submitted to an acceptable standards
laboratory (National Bureau of Standards or the equivalent State agency)
prior to use. Recertification of these primary standards is performed per
ANSI 15.18-1975. Test weights are calibrated using certified standards on
an annual basis or using a weight control program based on the guidelines
in ANSI 15.18.

All scales are calibrated with test weights at least annually and at
other times as the need arises., Prior to beginning the calibration, the
scale is inspected for damage and thoroughly cleaned. All poises are set
at zero and the platform inspected for levelness and freedom of movement.
If any increment checked is found to deviate by more than the scale pre-
cision (as shown in Table 1) from the value assigned to the weights on
the scale, an adjustment to the scale is made. The scale is not considered
to be in calibration until either the addition or subtraction of the test
weights in prescribed increments has been completed throughout the usable
welghing range without any adjustments to the scale or deviation greater
than that allowable at each weight increment checked.

¥As outlined in ANSI 15.18-1975, Mass Calibration Technigues for Nuclear
Material Control.
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5. SAMPLING PROCEDURES

e

5.1 GENERAL

An acceptable sample of UFg must represent both the chemical and isotopic
content of a defined quantity of UFg. Experience has shown the most
representative sample of the UFg in a cylinder is one withdrawn from the
liquid phase after complete homogenization. Achieving isotopic homogeneity
is not difficult since the convection currents generated in the liquid UFg
during the heating of the cylinder for sampling will perform the necessary
homogenization. However, achieving chemical homogeneity is more difficult,
particularly in the presence of insoluble particles or excessive volatile
impurities. If the presence of excessive volatile impurities is indicated,
cylinders being prepared for shipment from ERDA facilities are vented to
reduce such iImpurities to an acceptable level.

Prior to heating for sampling, a vapor pressure measurement (cold pressure
check) is made which does not involve the withdrawal of a sample. The
cylinder is heated (heating time is shown in Table 2) with the valve open
and in the 12 o'clock position. Pressure instrumentation is attached and
the pressure monitored throughout the required heating period to assure
that the pressure does not exceed T5 psia at 200°F (93°C) or 125 psia at
235°F (113°C).

Sampling techniques may be classified into those applicable to cylinders
which may be composited and to those cylinders which are sampled individ-
ually. A tabulation of sampling data applicable to each cylinder model
number is presented in Table 2. A typical sampling system is shown sche-
matically in Figure 8. The development of improved equipment and/or
procedures may result in modification of ERDA sampling practices.

5.2 GENERAL SAMPLING PRINCIPLES
Models 30A, 30B, and larger cylinders are sampled in a horizontal position

with the valve below the liquid level in the 3-5 o'clock or the T-9 o'clock
positions. Models 12A, 12B, and smaller cylinders are inverted for sampling.
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Table 2

SAMPLING INFORMATION

Approximate
Sample Cylinders Max imum Sample Size/Cylinder, Minimum
Cylinder Normally Used No. of g UFg Heating Time
Model Model Fill Limits Cylinders Single Composited at 200°F (93°C),
No. No. 1b g Composited Cylinders Cylinders hr

5A 1S 1.0 450 6 koo 65 2

8a 18 1.0 450 6 koo 65 3

12A, 12B 18 1.0 450 10 Loo 65 I

304, 30B 2S 4.9 2,200 i 1,700 340 8

L8A, L8F, 28 4.9 2,200 1 1,700 No Composite 12

L8x, L8Y

NOTES:

1. Steam or electrically heated air is used as the heating medium. Saturated steam is considered
the safest medium for maximum temperature control. However, nuclear safety must be considered
for enrichments above 1.0% uranium-235. When steam is used, provision must be made to drain
the condensate and prevent the accumulation of an unsafe uranium mass in event the UFg cylinder
should rupture.

2. Overfilled sasmple cylinders are not used for analytical purposes. In the event a sample cylinder
is overfilled, a new sample is obtained.

3. UFg may be withdrawn into a large ERDA-owned container, sampled and then transferred into smaller

customer-owned cylinders. Such transfers may involve the filling of up to ten Model 12A or 12B
cylinders from one Model 30A or 30B cylinder, filling up to four Model 30A or 30B cylinders from
one Model 48A or 48X cylinder.

DWG. NO. G-72-789

CYLINDER

= PRESSURE INDICATOR
SAMPLE /’o \ QP
P EVACUATION
DUMP
SAMPLE
CYLINDERS
Figure 8

TYPICAL SAMPLING SYSTEM
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The temperature of the cylinder and contents is maintained at 200-235°F
(93-113°C) throughout the required heating period (Table 2) and during
the actual sample withdrawal procedure. The entire sampling system, in-
cluding the sample cylinder valves, is maintained at approximately the
same temperature to assure liquid flow.

The cylinder is connected to the fixed sampling volume with a length of
Monel, nickel or copper tubing. If the cylinder has two valves, one of which
is attached to a dip-pipe, the tubing is connected to the other valve.

The fixed sampling volume permits the metering of a measured aliquot of

UFg from the cylinder. New virgin Teflon gaskets are used at all con-
nections. Prior to admission of UFg, the sampling system, including the
sample cylinders, is evacuated to 0.5 psia (2.6 cm Hg) or less and leak
rated. Additionally, the system is pressure tested, using dry air, to a
level equivalent to or greater than the UFg working pressure.

Two independent samples are removed from each cylinder or composite group.
One of the samples is analyzed immediately. The second sample is retained
for potential umpire use.

Prior to opening the sampling system to atmosphere, the system is purged,
evacuated to 0.5 psia (2.6 cm Hg) and back filled with dry alr or nitrogen
to atmospheric pressure.
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6. SHIPPING

6.1 GENERAL

Essentially all UFg shipments made to and from ERDA facilities are by
rail or truck. For repetitive bulk shipments, particularly of the larger
cylinders, transportation safety is promoted through the use of specially
designed trucks. Rail cars have been equipped to accommodate four Model
48 (A, X, F, or Y) cylinders. Heavy-duty tie-down devices and saddles
are utilized. Typical examples of appropriate eguipment are shown in
Figures 9 through 12. Examples of 1lifting fixtures are shown in Figures
13 through 15. Each full cylinder must either be shipped in a protective
shipping package or it must be equipped with a valve protector. Each
protective overpack containing a UFg cylinder and/or each cylinder valve
is secured with a numbered seal. Uranium hexafluoride is shipped only
after it has solidified and the vapor pressure of the cylinder is below
atmospheric pressure. For the L8~ and 30-in. cylinders, respectively,

a cooling time of 5 days and 3 days 1s required to achieve subatmospheric
pressures.

6.2 RECULATIONS

Various agencies have rules and regulations pertaining to the packaging

and transportation of radiocactive materials. In addition, many states

and localities have their own regulations. The regulatory agencies include
ERDA, DOT, the Nuclear Regulatory Commission (NRC), the U.S. Postal
Service, the International Atomic Energy Agency (IAEA), and the Inter-
national Air Transport Association (TIATA). Detailed information regarding
the packaging and transportation of UFg may be found in publications

of these agencies. The regulations of the agencies are referenced as
follows:

Agency Regulations
ERDA ERDAM 0529, 5201
NRC 10 CFR T1
DOT k9 CFR 85, 170-189
U.S. Postal Service 39 CFR 123
IAEA Safety Series No. 6
TATA Restricted Articles Regulations

(latest edition)
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PHOTO NO. PH-71-1969

Figure 11
FIVE 2-1/2-TON CYLINDERS IN PROTECTIVE OVERPACKS

PHOTO NO. PH-4570 {P)

Figure 12
FOUR 10-TON CYLINDERS IN PROTECTIVE OVERPACKS
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6.3 PROTECTIVE OVERPACKS FOR FULL CYLINDERS

Except for exempt quantities of fissile material, cylinders containing UFg
enriched to greater than 1.0 wt % uranium-235 must be shipped in protective
overpacks. Provisions to adequately space, protect against accident con-
ditions, and assure criticality prevention have been incorporated in the
designs of the protective overpacks. Protective overpacks which have

been designed and tested in accordance with applicable ERDA and DOT regu-
lations for UFg cylinder Models 5A, 8A, 12A, 30A, and 30B are shown in
Figures 16 through 19. A protective overpack for the UBA and 48X cylinders
is shown in Figure 20. A series of drawings and specifications for these
protective packages, except for the LU8A and 48X cylinders, are available

as CAPE PACKAGE No. 1662 from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, Virginia
22161, The 48A and L8X overpacks are described in USERDA Report KY-665,
Safety Analysis Report on Paducah Tiger Protective Overpack for 10-Ton
Cylinders of Uranium Hexafluoride, and Supplement 1 to KY-665.

6.4 PROTECTIVE OVERPACK INSPECTION

Protective overpacks shall be visually inspected by the shipper prior to
each use. The following shall be cause for further investigation or re-

moval from service until the defective condition is satisfactorily corrected:

excessive warping, distortion or other damage of liner or shell which pre-
vents a tight closure of the package; excessive clearances for inner con-
tainer within the liner; fastener damage; reduction in thermal insulation
thickness in any area; or any other damage or condition which would other-
wise make the integrity of the protective overpack questionable as a fire-

and shock-resistant housing. The vent holes should be inspected and resealed

with an epoxy, i1f necessary, and the gaskets replaced or resealed, as re-
quired. The 30-in. protective overpack should be weighed periodically to
determine if water has leaked into the overpack causing a weight gain.
Overpack tie-downs should be inspected to assure that they are not damaged
and are adequate for their intended use. Figure 20 shows a typical over-
pack; Figure 21 shows a typical overpack inspection sheet.

6.5 EMPTY CYLINDERS

Empty cylinders with valve protection may be shipped without protective
overpacks, provided the residual heel does not exceed the following:

Maximum
Cylinder Heel Uranium-235,
Model No. 1b kg %
SA% 0.1 0.05 100.00
BA* 0.5 0.23 12.50
12A or 12B# 1.0 0.45 5,00
30A or 30B¥ 25.0 11.3k 5.00
484, L8%, L8F, 50.0 22,68 4,50

or LBY**

#19-CFR-173.396(b)(8) covers these cylinders without a protective overpack.
*¥¥Certificate of compliance USA/6273/AF.
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7. APPENDIX

7.1l STANDARD CYLINDER INFORMATION
T.1.1 Introduction

This appendix contains information on standard ERDA UFg cylinders. The
information included for each cylinder is as follows:

1. Photograph of cylinder and valve.
2. General data sheet,

3. Fabrication drawing of cylinder and valves including references to
avallable up-to-date drawings, specifications, gquality assurance
prlans, and inspection procedures.

All privately owned cylinders which are utilized must meet the specifi-
cations described herein unless deviations have been approved by ERDA
and DOT prior to use. All cylinders must be certified for structural
integrity, as described in Section 2.2. Details on cylinders, valves,
and valve protectors are presented in this appendix.

A1l cylinders and valves which do not meet the described standards will
be categorically rejected from use at the ERDA facilities unless approved
by ERDA in writing.

T.1.2 Cylinder Valves

The choice of valves used on UFg cylinders is very important. The valves
described herein have been used by ERDA and have proved satisfactory.
Requirements for valves are discussed below and included in this appendix.

7.1.2.1 Hoke Nos. 4618NLM and 4628NLM (or Approved hqual). These

valves may be used on the Model 1S sample cylinder. Both the angle type,
L628NUM, and the straight-through type, L618NLM, are of Monel construction.
The composition and low internal volume make these valves suitable for
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critical gas analysis applications. Each type has a screw handle, an .
Inconel diaphragm welded to the body, 1/b-in. OD tube connectors, and
1/8-in. orifice.

7.1.2.2 Hoke No. 2422L6UM2 (or Approved Equal). This valve may be used
on the Model 2S sample cylinder. It is an angle type valve of Monel
construction. The metal plug stem is also of Monel construction and

is packed with Teflon. The inlet port is 3/8-in. male pipe and the
outlet port is 1/L-in. female type.

T.1.2.3 Three-Quarter-Inch Valve, Two each of these valves are used on
Models SA, BA, and 12B cylinders. A single valve is used on the 12A
cylinder. The body, packing gland, and collar are aluminum-silicon-
bronze alloy. The stem is Monel and the packing is virgin Teflon. The
ports are 3/8-in. diameter.

7.1.2.4 One-Inch Valve. This valve is used on Models 30A, 30B, L8A, L8F,
48x, L48Y, and 48G cylinders and is referred to as a l-in. valve. The body,
packing nut, packing ring, and packing follower are aluminum-silicon-~bronge
alloy, while the stem is Monel. The packing and cap gasket are virgin
Teflon.

7.1.3 Requirements for UFg Cylinders

7.1.3.1 Design and Fabrication. Design, fabrication, inspection, testing,
and cleaning of UFg cylinders are specified in the reference documents
shown on the drawings in this section. Design conditions and materials
specified on the drawings for pressure-containing porticns of the cylinders
shall be adhered to. However, non-pressure parts, such as skirts, may be
fabricated from the materials listed or from equivalent ASME Code-approved
materials which are compatible with fabrication of the cylinders involved.

In order to minimize points of leakage, it is desirable to install only
one valve and one plug. However, if additional valves and/or plugs are
deemed necessary by the purchaser, they may be provided if approved by
FRDA and installed and tested in the manner specified in the applicable
drawings.

7.1.3.2 Reports, Certification, and Records. For each cylinder fabricated,
the manufacturer shall supply to the purchaser and to the National Board

of Boiler and Pressure Vessel Inspectors, coples of the Manufacturer's

Data Report, ASME Code Form U-1 or U-1A.

The manufacturer shall provide to the purchaser a copy of the as-built
drawing pertaining to the cylinder or cylinders involved. The manufacturer
shall also provide to the purchaser one copy of each radiograph, properly
identified with the cylinder and the location to which it applies.

The manufacturer shall measure the actual water capacity of each cylin-
der and certify to the purchaser the water weight at a temperature of
60°F (16°C). This weight shall be accurate to * 0.10%. TFor a cylinder .
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UF 6 CYLINDER MODEL 48X

GENERAL DATA
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CYLINDER MODEL 486G

GENERAL DATA
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to be acceptable, the quotient of the certified water weight divided by ‘
62.37 [pounds of water in 1 ft3 at 60°F (16°C)] shall not be less than

the minimum cubic foot capacity specified in the design conditions stated

on the applicable specification. The certified water capacity and hydrotest

date shall also be stamped on the cylinder ags part of the nameplate data,

The manufacturer shall retain fabrication and inspection records in accor-
dance with ASME Code requirements. The purchaser shall retain his copies
of the Manufacturer's Data Report, drawings, certifications, radiographs,
and other related papers on file throughout his use or ownership of the
cylinder.

T.1.3.3 Certification of Cylinders and Valves of Non-U.S. Origin. Users of
non~U.S.-made cylinders shall be required to certify that the design,
fabrication, tests, cleanliness, and volume of their cylinders are in com-
pliance with requirements specified herein and in ANST N1k.1l Packaging

of Uranium Hexafluoride for Transport, before they are accepted for sampling,
filling, or material transfer in ERDA facilities. This certification shall
be in the English language. The nameplate markings on such cylinders

shall either be in metric units or in English units. Translations of the
descriptive non-English markings for each cylinder shall be required.

In all instances where the certification data was not generated by the
originator of the certification, a copy of the manufacturer's or vendor's
data shall accompany the certification.

Users of valves of non-U.S. origin shall be required to certify that the
design, fabrication, materials, and testing meet the requirements specified
herein and as described in ANST N1k.1l (ANSI N1hk.1-50 and ANSI N1k.1-51).

Allowable deviations from established standards for valves and/or cylinders
require written ERDA approval with concurrence from ERDA operating facilities
before the deviating equipment will be used.

7.1.4 Cleanliness

T.1.4.1 New Cylinders. The inside of the cylinder shall be thoroughly
cleaned of all grease, oil, scale, slag, oxides, dirt, moisture, and
other foreign matter. The surfaces shall be left clean, dry, and free
of all contamination.

The cleanliness of UFg cylinders is of serious concern to the nuclear in-
dustry, since the reaction of UFg with hydrocarbon otls, even in small
quantities, and some other impurities 1s quite vigorous and can result

in serious explosions. The purity of the UFg contained can also be
appreciably affected.

T.1.k.2 In-Service Cylinders. Cylinders containing residual quantities
of UFg may require cleaning prior to refilling to assure product purity,
and when maintenance or hydrostatic testing is performed.
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7.1.4.3 Cylinder Outer Surfaces. Cylinder surfaces shall be monitored
and cleaned of surface contamination when required to meet applicable
radiation requirements.

T.1.k.4 Cylinder Cleaning and Decontamination. A typical cleaning
procedure for new cylinders and a method for large cylinder decontamination
are included in the appendixes of ANST NikL.1.

T.1.5 Service Inspections, Tests, and Maintenance

T.1.5.1 Routine Inspections. All UFg cylinders shall be routinely in-
spected as-received, and prior to sampling, emptying, filling, or shipping
to assure that they remain in a safe, usable condition.

T.1.5.2 Periodic Inspections and Tests. All cylinders shall be periodi-
cally inspected and tested throughout their service lives at intervals not
to exceed five years, except that full cylinders need not be emptied
specifically for this inspection and test. However, cylinders which

have not been inspected and tested within the required five-year period
shall not be refilled until properly reinspected, retested, and restamped
on the nameplate.

The periodic inspection shall consist of an internal and external examina-
tion of the cylinder by a qualified inspector, an ASME Code-~-type hydro-
static strength test, and an air-leak test. The hydrostatic test shall

be applied at a pressure equal to the original test pressure. The air
test shall be at a pressure of 100 psig, and it shall be applied after

the cylinder has been dried and after all valves and fittings have been
reinstalled. Cylinders which pass the periodic inspection and tests shall
be restamped, on the nameplate, with the month and year that the inspection
and tests were performed. This restamping shall be placed close to the
the previous or original stamping. Records of periodic inspections and
tests shall be retained by the cylinder owner for a period of five years
or until a subsequent periodic inspection and test has been performed and
recorded.

A UFg cylinder shall be removed from service (for repair or replacement)
when it is found to have leaks, excessive corrosion, cracks, bulges, dents,
gouges, defective valves, damaged stiffening rings or skirts, or other
conditions which, in the judgment of the gualified inspector, render it
unsafe or unserviceable in its existing condition. A qualified inspector
is one who has passed the written examination sponsored by the National
Board of Boiler and Pressure Vessel Inspectors, or other competent in-
spector designated by the owner's inspection authority. Cylinders shall
no longer be used in UFg service when their shell and/or head thicknesses
have decreased below the following values:
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Minimum Thickness,

Cylinder Model in.
18 1/16
23 T/64

5A 1/8

8A 1/8
124, 12B 3/16
30B 5/16

h8a, LBF, 48X, L8Y 1/2

A tagging system will be used to identify defective cylinders or valves.
Pregence of such a tag is intended to prevent use of cylinders with
defective components until satisfactory repairs are made. Additionally,
a Hydro Date Expired tag will be used to identify cylinders exceeding
the five-year test date limit.

7.1.5.3 Cylinder Maintenance. Cylinder repairs and alterations are
authorized provided (1) they meet the approval of a qualified inspector,
and (2) they comply with the design, material, fabrication, and welding
qualification requirements of the ASME Code for Unfired Pressure Vessels.

Welded repairs or alterations to pressure parts shall require the use of
ASME Code-qualified welding procedures, welders, and inspectors.

Repairs or alterations to pressure parts shall be followed by the hydro-
static strength test. Plug or valve replacements should be checked for
proper insertion and tightness, and should be followed by air-leak tests,
when possible. Repairs to structural attachments will not require pressure
or leak tests of the cylinder unless repair of torn or deformed areas of
pressure-containing materials are involved.

A careful inspection of cylinders and valves is an important prerequisite
to any operation. Filled cylinders are easily dented or otherwise damaged;
therefore, all cylinder movements must be performed carefully and slowly.

7.1.5.4 Cylinder Valve and Plug Replacement. Replacement of brazed 3/L-in.
valves can only be successfully accomplished by following the brazing
specifications referenced with each type of cylinder using this method of
installation. Field replacement should not be attempted, since the valve
coupling will likely crack due to the presence of contaminant materials.

Replacement of tinned valves in cylinders containing UFg is accomplished
by first assuring that the cylinder has cooled the required number of
days, and, if possible, by obtaining a cold pressure measurement to deter-
mine that the pressure is subatmospheric. With adequate safety equipment,
slowly loosen the valve. No outgassing should occur, and inleskage should
become audible. A newly tinned valve, previously inspected, should be
positioned for insertion as soon as the defective valve i1s removed. The
replacement valve is then torqued into the cylinder to not more than 400
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ft-1b for the l-in. valve and the 3/k-in. valve. After insertion, the
number of threads inserted should not be less than seven (7) nor more
than twelve (12) for either valve size. If possible, the seal at the
valve coupling should be soap tested at 5 psig, or as an alternative,
the vacuum after the valve change should be recorded and if unchanged
after five days, the seal was successfully made. Cold burping may be
required after a valve change to remove air and preclude high pressures
during subsequent heating of the repaired cylinder.

Plug changes are accomplished in a similar manner. Specification components
are required to obtain proper thread engagement for both valves and plugs.

T.1.5.5 Three—-Quarter-~-Inch Valve Wear Inspection. Because of the brazed
joint required cf the 3/Lb-in. valve, these valves cannot be easily replaced;
therefore, if possible, the 3/k-in. valve is rebuilt in-place following
decontamination and inspection. In addition to the inspection of the
internal and external cylinder surfaces, the valve body is visually inspected
for adverse corrosion, erosion, distortion, or other damage which would make
it unserviceable. This inspection is supported by two 100-psig air tests and
a helium leak test. Other tests, such as radiographic examination, may be
conducted prior to use.

T.2 SAFETY CONSIDERATIONS
T.2.1 General

The variations of density, vapor pressure, and physical state with tem-
perature and the chemical and nuclear properties of UFg require the develop-
ment and use of safe handling procedures. Procedures incorporating the
safety considerations presented in this appendix have been developed and
evaluated in ERDA facilities during the more than 25 years of handling

vast quantities of UFg. Aside from nuclear considerations, UFg can be
safely handled in essentially the same manner as any other corrosive

and/or toxic chemical.

Gaseous UFg, when released to the atmosphere, reacts with the atmospheric
moisture to form HF gas and particulate UO,F, which tends to settle on
surfaces. The corrosive properties of UFg and HF are such that exposure
to a severe release can result in skin burns and temporary lung impairment.
The inhalation of fumes from very large releases for more than a few
breaths may result in temporary lung impairment quite soon after the ex-
posure and, in some instances, mild but repairable kidney damage within a
few days. Water-soluble uranium compounds such as UO,F,, like most

heavy metal compounds, are toxic to the kidneys when inhaled or ingested
in large quantities. For uranium of uranium-235 enrichment less than
10%, the chemical toxicity is more important than the radiotoxicity.

The UOpF, and HF which form quickly during a release to the atmosphere is
readily visible as a white cloud. A concentration of 1 mg of UOy,F, per
cubic meter of alr is visible and the cloud from large releases may obscure
vision.
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T.2.2 Hazards and Precautions

Some of the hazards of UFg handling and the precautions used to control
or eliminate the hazards are listed below:

T.2.2.1 Handling Cylinders of Liquid UFg. Liquid UFg is hot, pressuriged,
and very mobile. Movements of partially filled cylinders result in surges
of the dense liquid which can upset handling equipment and cause loss of
control. Therefore, movement of large cylinders containing liquid UFg
should be minimized. A 3-day cool-down period should be observed for 30-
in. cylinders and a 5-dsy period for U8-in. cylinders whenever possible.

Leaks in a cylinder containing liguid UFg are difficult to control.
Caution should be exercised in handling cylinders until the contents
have solidified. A cylinder should not be shipped until its contents
have completely solidified.

T7.2.2.2 Qverfilling Cylinders. Cylinders may be overfilled by completely
filling with liquid, by condensing the UFg as a solid in the cylinder from
a gaseous system, and by condensing lightwelght contaminants into the UFg
cylinder. If the cylinder is heated after overfilling, it may be hydrauli-
cally ruptured. Overfilling is prevented by adhering to weight limitations,
maintaining a high purity in the UFg system, and taking the necessary pre-
cautions to have the contents of the cylinder at a temperature above the
condensation temperature of gas systems to which it is comnected. If
overfilling occurs, the cylinder should be connected to an evacuation
system and the excess UFg removed, without heating the cylinder, until

the correct fill 1limit is obtained.

7.2.2.3 Overheating Cylinders. The fill limits for cylinders are estab-
lished for a maximum temperature of 250°F (121°C). Heating cylinders
above this temperature may result in liquid expansion to a volume exceed-
ing that of the cylinder, which could result in hydraulic rupture.

T.2.2.4 Tocalized Heating. Iocalized heating of a manifold system to
remove a UFg plug is very hazardous. Liquefying a quantity of UFg in a
restricted space, such as between two solid UFg sections or between two
valves, can readily result in hydraulic rupture of the system and UFg
release. Since the valve packing and plastic gaskets used soften at
elevated temperatures, localized heating should be avoided.

T.2.2.5 Damaged Cylinder Valves. Occasionally, valves are damaged in
handling full cylinders of UFg which require immediate action. It is
recommended that any installation handling significant quantities of
liquid UFg have available an emergency kit containing equipment similar
to that shown in Figure 22.

7.2.2.6 Manifold Connection Leaks. Leaking connections can result in
serious UFg releases. All connections, especially flexible connectors,
should be checked for kinking, abrasion and other damage prior to use.
After cylinder hookup, all connections should be leak rated and pressure
tested.




Figure 22
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T.2.2.7 Releases of UFg. The control of UFg releases reguires pre-
planning with respect to emergency procedures and equipment. Respiratory
protective equipment, wooden plugs, patches, a release detection and alarm
system, and some type of cooling mechanism should be readily available in
areas where UFg is processed. Entry into dense clouds from UFg releases
requires use of breathing apparatus capable of preventing HF and particu-~
late inhalation. Skin protection is necessary to prevent burns. It is
essential that all persons not properly protected be evacuated from areas
affected by the smoke of the release. The wooden plugs should be designed
to be inserted into holes which might occur as a result of broken or
defective valves, line breakage, etc. Patches should be shaped to fit
contours of the UFg cylinders.

A UFg release may be terminated by freezing off the opening in the system
with appropriate cooling. This cooling is usually provided by a water
stream for low enrichment UFg. In no case should water be streamed
directly into a cylinder opening. Dry ice or pressurized COp from large-
capacity fire extinguishers may be used safely with any enrichment to
freeze off leaks. If the cylinder content is liquid, extended freeze off
periods will be required. However, nuclear safety evaluations should be
made beforehand to assure the absence of possible unsafe accumulations of
uranium.

7.2.2.8 Radiation. The radioactivity of UFg produced from the unirradiated
uranium varies with the uranium-235 enrichment. Naturally occurring uranium
has a specific activity of 1.5 disintegrations per minute per microgram
(d/m/pg). OFf this activity the isotopes of uranium-238 and uranium-23L each
contribute about half. As the enrichment in uranium-235 is increased, the
activity from uranium-23%4, which enriches faster than uranium-235, increases
very rapidly. Highly enriched uranium produced from natural uranium feed
has a specific activity (SA) of about 200 d/m/ug which is almost entirely
from uranium-234. While the exact specific activity of slightly enriched
uranium depends on the history of the particular material, it may be approxi-
mated by:

SA(d/m/ug) = 0.75 + 1.06 (wt % uranium-235)

Alpha particles resulting from the primary disintegration of uranium present
no external radiation problem, since they do not penetrate the skin. How-
ever, the decay products of uranium include isotopes which emit mildly
penetrating beta rays and highly penetrating gamma rays. Beta radiation
levels as high as 200 mrad/hr may be found at the surface of UFg. When

UFg is vaporized from a cylinder, the decay products usually remain behind.
Thus, the internal surfaces of an empty cylinder may have beta radiation
levels up to several rad/hr. Similarly, the gamma radiation from an empty
cylinder will be much higher than from a filled cylinder and may range up
to 200 mrad/hr.
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Radiation exposures of employees working around UFg cylinders are easily
controlled at very low levels through conventional distance-time limitations.

NOTE: CONTRIBUTION OF THE RADIOACTIVITY FROM FISSION PRODUCTS AND TRANS-
URANTUM ELEMENTS WHICH MAY BE PRESENT IN UFg PRODUCED FROM IRRADIATED
URANTUM IS NOT CONSIDERED IN THIS REPCRT.

7.2.2.9 Mechanical Hazards. The mechanical hazards of handling UFg cylin-
ders are not unigque. The surging of ligquid in partially filled cylinders
and the eccentric center of gravity of cooled cylinders add to the normal
hazards of handling heavy loads.

T7.2.3 Criticality Control

A paramount consideration in the handling and shipping of cylinders of

UFg 1s the application of stringent controls to prevent an inadvertent
nuclear chain reaction or criticality condition. This goal is accomplished
by employing, individually or collectively, specific limits on uranium-235
enrichment, mass, volume, geometry, moderation and spacing, and, in some
instances, utilizing the neutron absorption characteristics of the steel
cylinder walls., Most of the above limitations, including temperature
control to prevent cylinder rupture in process operations, are specified
throughout this report. The amount of UFg which may be contained in an
individual cylinder and the total number of cylinders which may be trans-
ported together are determined by the nuclear properties of the UFg.
Spacing of cylinders of enriched UFg in transit is assured through the

use of DOT specification packages or ERDA and/or NRC approved packages
which also provide protection against impact and fire.

The use of Models 30 (A and B) and 48 (A, F, X, and Y) cylinders at
uranium-235 enrichments of 5.0 and 4.5%, respectively, is dependent on
moderation control, i.e., a hydrogen-to-uranium atomic ratio of less than
0.088, which is equivalent to the purity specification of 99.5% for UFg
as given in the Federal Register. For shipments of UFg above the 5.0%
uranium-235, geometric or mass limits are employed.

NOTE: THE SPECIFIC DETAILS GOVERNING CRITICALITY CONTROI ARE NOT COVERED
IN THIS DOCUMENT SINCE SUCH INFORMATION IS GENERALLY AVAILABLE IN
OTHER PUBLICATIONS.

7.3 CHEMICAL AND PHYSICAL PROPERTIES OF UFg

T.3.1 General

General information on the properties of UFg is presented below for con-
venient reference.

Sublimation Point (1L.7 psia) 133.8°F (56.6°C)
(76 em Hg)

. Triple Point 22 psia (114 cm Hg), 147.3°F (6L.1°C)
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Density, Solid (68°F) (20°C) 317.8 1b/ft3 (5.1 g/ce)
Liquid (147.3°F) (6k.1°C) 227.7 1b/ft3 (3.60 g/cc)
Liquid (200°F) (93°C) 215.6 1b/ft3 (3.5 g/ce)
Liquid (235°F) (113°C) 207.1 1b/ft3 (3.3 g/ce)
Liquid (250°F) (121°C) 203.3 1b/ft3 (3.3 g/ce)

Heat of Sublimation (1LT7°F) 58.2 Btu/1lb
(6hec)

Heat of Fusion (1L47°F) (6k4°C) 23.5 Btu/lb

Heat of Vaporization (147°F) 35.1 Btu/lb
(6Loc)

Heat of Solution in Water 258,2 Btu/lb
(7TT7°F) (25°C), Heat Evolves

Critical Pressure 668.8 psia (3458 cm Hg)

Critical Temperature 4L6.4°F (230.2°C)

Specific Heat Solid (81°F) 0.114 Btu/lb
(27°C)

Specific Heat Liquid (162°F) 0.130 Btu/lb
(712°C)

T.3.2 Chemical Properties

Uranium hexafluoride is a highly reactive substance. It reacts chemically
with water, ether, and alcohol forming soluble reaction products. It reacts
with most organic compounds and with many metals. The reaction with hydro-
carbon oil can be violent at elevated temperatures. Its reactivity with
most saturated fluorocarbons is very low. It does not react with oxygen,
nitrogen, or dry air. It is sufficiently inert to clean, dry aluminum,
copper, Monel, nickel, and aluminum bronze that they can be exposed to UFg
without excessive corrosion.

Uranium hexafluoride reacts very readily with Ho0 to form UO,F, and HF.
A saturated solution of UO,F,; in water has the following composition:

Temperature,
°c Wt_% UOoF,
1 61.h
25 65.6
60 T1.0

100 Th.1
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Conversion factors, or stoichiometric equivalents, for seven chemical

forms of uranium enriched to 3 wt % uranium-235 are listed below.

To

compute the quantity of the compound named at the top of the column, a
given quantity of the compound named in the left column is multiplied

Example, 1.4790 kg of
UFg contains 1 kg uranium; the uwranium in 1.3037 kg of UFg will produce

by the factor in the column and line indicated.

1 kg UOs.
CONVERSION FACTORS

U UFy UFe U02 U308 U03 UO2F2
U 1.0000 1.319% 1.4790  1.1345  1.1793 1.2017 1.2941
UF,, 0.7579%  1.0000 1.1210 0.8599 0.8938 0.9108 0.9809
UFg 0.67612  0.8920 1.0000 0.7670  0.7973 1.0593  0.8750
U0, 0.88147  1.1630 1.3037 1.0000 1.0395 1.0593 1.1ho8
U30gq 0.84796  1.1188 1.2542 0.9620 1.0000 1.0190 1.097k
UO3 0.83215 1.0979 1.2308 0.94k0  0.981k 1.0000 1.0769
U0, F, 0.77271  1.0195 1.1429 0.8766 0.9113 0.9286  1.0000

T7.3.3 Physical Properties

At room temperature, UFg is a white, volatile solid.
of 147.3°F (64.1°C) and a pressure of 22 psia, UFg melts to form a
colorless liquid of high density.

At a temperature

The density-temperature, pressure-density, and pressure~temperature
relations for UFg are presented graphically in Figures 23, 24, and 25.
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Table 3

ERDA UFg CYLINDER DATA

Approximate
Tare Weight Fill Limit
Nominal Material (Without Valve Maximum Maximum, 0/ Minimum,
Diameter, of Minimum Volume Protector) Enrichment, UFg UFg,
Cylinder Model Yo, in. Constructionfe) £13 liters 1b kg vt % Uranjum-235 b kg 1ib kg
18 1.5 Nickel 0.0053 0.15 1.75 0.79 100.00 1.0 0.45 45 g 0.045
28 3.5 Nickel 0.025k 0.72 4.2 1.91 100.00 k.9 2.22 1 0.45
54 5 Monel 0.28k4 8.0k 55 25 100.00 55 2h.95 11 h.99
84 8 Monel 1.319 37.35 120 Sk 12.5 255 115.67 55 25
124 12 Nickel 2.38 67.4 185 8Y4 5.0 460 208.7 55 25
12B 12 Monel 2.38 67.h4 185 8k 5.0 460 208.7 55 25
304 30 Steel 25.65 726.0 1,400 635 s.0e) 4,950 2,245 2,300(4) 1,043
soste) 30 Steel 26.0 736.0  1,k00 635 5.0lc) 5,020 2,277 2,300{d) 1,043
L8 18 Steel 108.9 3,08} 1,500 2,0k1 y.5(c) 21,030 9,539 1%,000 6,350
ugx(e) 48 Steel 108.9 3,08k ,500 2,08 b.sle) 21,030 9,539 11,000 6,350
L8F u8 Steel 140.0 3,96k 5,200 2,359 L.s(e) 27,030 12,261 21,000 9,525
u8a(e) 48 Steel 139.0 3,936 2,600 1,179 Tails 28,000 12,701 - -
1gy(f) 148 Steel k2.7 b,0b1 5,200 2,359 y,s(e) 27,560 12,501 21,000 9,525

(&)For packaging normal and depleted UFg, cylinders of other materials, such as steel and Monel, may be substituted, provided they have equivelent
strength.

(b)Fi11 1imits are based on 250°F {121°C) maximum UFg temperature (203.3 1b UPg/ft3), certified minimum internal volumes for all cylinders,
and & minimum safety factor of 5%. The operating limits apply to UFg with a minimum purity of 99.5%4. More restrictive measures are required
if additional impurities are present. The maximum UFg temperature must not be exceeded.

(¢)Maximun enrichments indicated require moderation control equivalent to a UFg purity of 99.5%. Without moderat on control, the maximum per-
missible enrichment is 1.0 wt % uranium-235.

(d)Shipnents from ERDA and at the customer's request can be less then 2,300 1b (1,043 kg) in the 30A or 30B cylindecs providing the UFg is trans-
ferred from a larger cylinder.

(e)This cylinder replaces the Model 30A cylinder.
(f)Models 48X and 48Y replace Models 48A and L8F.

(&)ror UFg tails storage only. Fill limit is based on maximum UFg temperature of 235°F (113°C), certified minimum volumes and a minimum safety
factor of 3%.
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