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and Security, U.S. Department of Com-
merce, Attn: AP Reports, 14th Street
and Pennsylvania Avenue, NW., Room
4515, Washington, DC 20230, Telephone:
(202) 482-1001. Specific types of reports
and due dates are outlined in supple-
ment no. 1 to part 783 of the APR.
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AUTHORITY: United States Additional Pro-
tocol Implementation Act of 2006, Pub. Law
No. 109401, 120 Stat. 2726 (December 18, 2006)
(to be codified at 22 U.S.C. 8101-8181); Execu-
tive Order 13458 (February 4, 2008).

SOURCE: 73 FR 65128, Oct. 31, 2008, unless
otherwise noted.

§783.1 Reporting requirements.

(a) Initial report. You must submit an
Initial Report to BIS, no later than De-
cember 1, 2008 (see supplement no. 1 to
this part), if you were engaged in any
of the civil nuclear fuel cycle-related
activities described in this paragraph
(a) on October 31, 2008 or you were en-
gaged in any such activities involving
uranium hard-rock mines, including
those that were closed down during cal-
endar year 2008, (up to and including
October 31, 2008). If you commenced
any of the civil nuclear fuel cycle-re-
lated activities described in this para-
graph (a) after October 31, 2008, you
must submit an Initial Report on these
activities to BIS no later than January
31 of the year following the calendar
year in which the activities com-
menced (see supplement no. 1 to this
part). You may report these activities
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as part of your Annual Update Report,
in lieu of submitting a separate Initial
Report, if you also have an Annual Up-
date Report requirement that applies to
the same location and covers the same
reporting period (see paragraph (b) of
this section). In order to satisfy the
Initial Report requirements under this
paragraph (a), you must complete and
submit to BIS Form AP-1, Form AP-2,
and other appropriate Forms, as pro-
vided in this paragraph (a).

(1) Research and development activities
not involving nuclear material. You must
report to BIS any of the civil nuclear
fuel cycle-related research and develop-
ment activities identified in para-
graphs (a)(1)(i) and (a)(1)(ii) of this sec-
tion. Activities subject to these APR
reporting requirements include re-
search and development activities re-
lated to safe equipment operations for
a nuclear fuel cycle-related activity,
but do not include activities related to
theoretical or basic scientific research
or to research and development on in-
dustrial radioisotope applications,
medical, hydrological and agricultural
applications, health and environmental
effects and improved maintenance.

(i) You must complete Form AP-3
and submit it to BIS, as provided in
§782.6 of the APR, if you conducted any
civil nuclear fuel cycle-related re-
search and development activities de-
fined in §781.1 of the APR that:

(A) Did not involve nuclear material;
and

(B) Were funded, specifically author-
ized or controlled by, or conducted on
behalf of, the United States.

(ii) You must complete Form AP-4
and submit it to BIS, as provided in
§782.6 of the APR, if you conducted any
civil nuclear fuel cycle-related re-
search and development activities de-
fined in §781.1 of the APR that:

(A) Did not involve nuclear material;

(B) Were specifically related to en-
richment, reprocessing of nuclear fuel,
or the processing of intermediate or
high-level waste containing plutonium,
high enriched uranium or uranium-233
(where ‘‘processing’ involves the sepa-
ration of elements); and

(C) Were not funded, specifically au-
thorized or controlled by, or conducted
on behalf of, the United States.
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(2) Civil nuclear-related manufacturing,
assembly or construction activities. You
must complete Form AP-5 and submit
it to BIS, as provided in §782.6 of the
APR, if you engaged in any of the ac-
tivities specified in supplement no. 2 to
this part.

(3) Uranium hard-rock mining and ore
beneficiation activities. You must com-
plete Form AP-6 and submit it to BIS,
as provided in §782.6 of the APR, if
your location is either a uranium hard-
rock mine or an ore beneficiation plant
that was in operating or suspended sta-
tus (see §781.1 of the APR for the defi-
nitions of ‘‘uranium hard-rock mine”’
and uranium hard-rock mines in ‘‘op-
erating,” ‘‘suspended,” or ‘‘closed-
down’’ status).

(i) The Initial Report requirement for
calendar year 2008 applies to:

(A) Uranium hard-rock mines or ore
beneficiation plants that were in oper-
ating or suspended status on October
31, 2008; and

(B) Uranium hard-rock mines that
have changed from operating or sus-
pended status to closed-down status
during calendar year 2008 (up to and in-
cluding October 31, 2008). Mines that
were closed down prior to calendar
year 2008 and that remain in closed-
down status do not have a reporting re-
quirement.

(ii) You are required to submit an
Initial Report to BIS, for any calendar
year that follows calendar year 2008,
only if you commenced operations at a
uranium hard-rock mine or an ore
beneficiation plant during the previous
calendar year (e.g., the commencement
of operations would include, but not be
limited to, the resumption of oper-
ations at a mine that was previously in
“‘closed-down’’ status). Otherwise, see
the Annual Update Report and No
Changes Report requirements in para-
graphs (b)(1) or (b)(2) of this section.
For example, you must submit an An-
nual Update Report to indicate the
closed-down status of any uranium
hard-rock mine that was indicated in
your most recent report to be in either
operating or suspended status, but at
which you ceased operations during the
previous calendar year.

(b) Annual reporting requirements. You
must submit either an Annual Update
Report or a No Changes Report to BIS,

§783.1

as provided in §782.6 of the APR, if,
during the previous calendar year, you
continued to engage in civil nuclear
fuel cycle-related activities at a loca-
tion for which you submitted an Initial
Report to BIS in accordance with the
APR reporting requirements described
in paragraph (a) of this section.

(1) Annual Update Report. You must
submit an Annual Update Report to BIS
if you have updates or changes to re-
port concerning your location’s activi-
ties during the previous calendar year.
When preparing your Annual Update
Report, you must complete the same re-
port forms that you used for submit-
ting your Initial Report on these activi-
ties. However, additional report forms
will be required if your location en-
gaged in any civil nuclear fuel cycle-re-
lated activities described in paragraph
(a) of this section that you did not pre-
viously report to BIS. The appropriate
report forms for each type of activity
that must be reported under the APR
are identified in paragraphs (a)(1)
through (a)(3) of this section. You must
submit your Annual Update Report to
BIS no later than January 31 of the
year following any calendar year in
which the activities took place or there
were changes to previously ‘‘reported”’
activities (see supplement no. 1 to this
part).

(2) No Changes Report. You may sub-
mit a No Changes Report, in lieu of an
Annual Update Report, if you have no
updates or changes concerning your lo-
cation’s activities (except the certi-
fying official and dates signed and sub-
mitted) since your most recent report
of activities to BIS. In order to satisfy
the reporting requirements under this
paragraph (b)(2), you must complete
Form AP-16 and submit it to BIS, as
provided in §782.6 of the APR, no later
than January 31 of the year following
any calendar year in which there were
no changes to previously ‘‘reported”
activities or location information (see
supplement no. 1 to this part).

(3) Additional guidance on annual re-
porting requirements. (i) If your Initial
Report or your most recent Annual Up-
date Report for a location indicates that
all civil nuclear fuel cycle-related ac-
tivities described therein have ceased
at that location, and no other report-
able activities have occurred during
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the previous calendar year, then you do
not have a reporting requirement for
the location under paragraph (b) of this
section.

(ii) If your location ceases to engage
in activities subject to the APR report-
ing requirements described in para-
graph (a) of this section, and you have
not previously reported this to BIS,
you must submit an Annual Update Re-
port covering the calendar year in
which you ceased to engage in such ac-
tivities.

(iii) Closed-down mines should be re-
ported only once.

(c) Import Confirmation Report. You
must complete Forms AP-1, AP-2 and
AP-14 for each import of equipment or
non-nuclear material identified in sup-
plement no. 3 to this part and submit
these forms to BIS, as provided in
§782.6 of the APR, if BIS sends you
written notification requiring that you
provide information concerning im-
ports of such equipment and non-nu-
clear material. These Forms must be
submitted within 30 calendar days of
the date that you receive written noti-
fication of this requirement from BIS
(see supplement no. 1 to this part). BIS
will provide such notification when it
receives a request from the IAEA for
information concerning imports of this
type of equipment or non-nuclear ma-
terial. The TAEA may request this in-
formation to verify that you received
specified equipment or non-nuclear ma-
terial that was shipped to you by a per-
son, organization, or government from
a foreign country.

(d) Supplemental Information Report.
You must complete Forms AP-1, AP-2
and AP-15 and submit them to BIS, as
provided in §782.6 of the APR, if BIS
sends you written notification requir-
ing that you provide information about
the activities conducted at your loca-
tion, insofar as relevant for the pur-
pose of safeguards. These Forms must
be submitted within 15 calendar days of
the date that you receive written noti-
fication of this requirement from BIS
(see supplement no. 1 to this part). BIS
will provide such notification only if
the TAEA specifically requests amplifi-
cation or clarification concerning any
information provided in the U.S. Dec-
laration based on your report(s).
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(e) Reportable location. A location
that must submit an Initial Report, An-
nual Update Report, or No Changes Re-
port to BIS, pursuant to the require-
ments of this section, is considered to
be a reportable location with declared
activities.

§783.2 Amended reports.

In order for BIS to maintain accurate
information on previously submitted
reports, including information nec-
essary for BIS to facilitate complemen-
tary access notifications or to commu-
nicate reporting requirements under
the APR, Amended Reports are required
under the circumstances described in
paragraphs (a), (b), and (d) of this sec-
tion. This section applies only to
changes affecting Initial Reports and
Annual Update Reports that were sub-
mitted to BIS in accordance with the
requirements of §783.1(a) and (b) of the
APR. The specific report forms that
you must use to prepare and submit an
Amended Report will depend upon the
type of information that you are re-
quired to provide, pursuant to this sec-
tion.

(a) Changes to activity information.
You must submit an Amended Report to
BIS within 30 calendar days of the time
that you discover an error or omission
in your most recent Initial Report or
Annual Update Report that involves in-
formation concerning an activity sub-
ject to the reporting requirements de-
scribed in §783.1(a) or (b) of the APR.
Use Form AP-1, and any applicable re-
port forms indicated for the activities
identified in §783.1(a) of the APR, to
prepare your Amended Report. Submit
your Amended Report to BIS, as pro-
vided in §782.6 of the APR.

(b) Changes to organization and loca-
tion information that must be maintained
by BIS—(1) Internal organization
changes. You must submit an Amended
Report to BIS within 30 calendar days
of any change in the following informa-
tion (use Form AP-1 to prepare your
Amended Report and submit it to BIS,
as provided in §782.6 of the APR):

(i) Name of report point of contact
(R-POC), including telephone number,
facsimile number, and e-mail address;

(ii) Name(s) of complementary access
point(s) of contact (A-POC), including
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telephone number(s), facsimile num-
ber(s) and e-mail address(es);

(iii) Organization name;

(iv) Organization mailing address;

(v) Location owner, including tele-
phone number, and facsimile number;
or

(vi) Location operator, including
telephone number, and facsimile num-
ber.

(2) Change in ownership of organica-
tion. You must submit an Amended Re-
port to BIS if you sold a reportable lo-
cation or if your reportable location
went out of business since submitting
your most recent Initial Report, Annual
Update Report, or No Changes Report to
BIS. You must also submit an Amended
Report to BIS if you purchased a re-
portable location that submitted an
Initial Report, Annual Update Report, or
No Changes Report to BIS for the most
recent reporting period, as specified in
§783.1(a) and (b) of the APR. Submit
your Amended Report to BIS, as pro-
vided in §782.6 of the APR, either be-
fore the effective date of the change in
ownership or within 30 calendar days
after the effective date of the change.

(i) The following information must
be included in an Amended Report sub-
mitted to BIS by an organization that
is selling or that has sold a reportable
location (use Forms AP-1 and AP-16 to
prepare your Amended Report—address
specific details regarding the sale of a
reportable location in Form AP-16):

(A) Name of seller (i.e., name of the
organization selling a reportable loca-
tion);

(B) Reporting Code (this code will be
assigned to your location and reported
to you by BIS after receipt of your Ini-
tial Report);

(C) Name of purchaser (i.e., name of
the new organization/owner purchasing
a reportable location) and name and
address of contact person for the pur-
chaser, if known;

(D) Date of ownership transfer or
change;

(BE) Additional details on the sale of
the reportable location relevant to
ownership or operational control over
any portion of the reportable location
(e.g., whether the entire location or
only a portion of the reportable loca-
tion has been sold to a new owner); and

§783.2

(F) Details regarding whether the
new owner of a reportable location will
submit the next report for the entire
calendar year in which the ownership
change occurred, or whether the pre-
vious owner and new owner will submit
separate reports for the periods of the
calendar year during which each owned
the reportable location.

(ii) The following information must
be included in an Amended Report sub-
mitted to BIS by an organization that
is purchasing or that has purchased a
reportable location (use Forms AP-1
and AP-2 to prepare your Amended Re-
port):

(A) Name of purchaser (i.e., name of
the new organization/owner purchasing
a reportable location) and name and
address of contact person for the pur-
chaser;

(B) Details on the purchase of the re-
portable location relevant to ownership
or operational control over any portion
of the reportable location (e.g., wheth-
er the purchaser intends to purchase
and to maintain operational control
over the entire location or only a por-
tion of the reportable location); and

(C) Details on whether the purchaser
intends to continue existing civil nu-
clear fuel cycle-related activities at
the reportable location or to cease such
activities during the current reporting
period.

(iii) If the new owner of a reportable
location is responsible for submitting a
report that covers the entire calendar
year in which the ownership change oc-
curred, the new owner must obtain and
maintain possession of the location’s
records covering the entire year, in-
cluding those records for the period of
the year during which the previous
owner still owned the property.

NoTE 1 TO §783.2(b): Amended Reports that
are submitted to identify changes involving
internal organization information or changes
in ownership are used only for internal U.S.
Government purposes and are not forwarded
to the IAEA. BIS uses the information it ob-
tains from Amended Reports to update con-
tact information for internal oversight pur-
poses and for TAEA complementary access
notifications.

NOTE 2 TO §783.2(b): For ownership changes,
the reportable location will maintain its
original Reporting Code, unless the location
is sold to multiple owners, at which time BIS
will assign a new Reporting Code.
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(c) Non-substantive changes. If you dis-
cover one or more non-substantive ty-
pographical errors in your Initial Report
or Annual Update Report, after submit-
ting the report to BIS, you are not re-
quired to submit an Amended Report to
BIS. Instead, you may correct these er-
rors when you submit your next Annual
Update Report to BIS.

(d) Amendments related to complemen-
tary access. If you are required to sub-
mit an Amended Report to BIS following
the completion of complementary ac-
cess (see Part 784 of the APR), BIS will
notify you, in writing, of the informa-
tion that must be amended pursuant to
§784.6 of the APR. Complete and sub-
mit Form AP-1 (organization informa-
tion) and/or the specific report forms
required by section 783.1(a) or (b) of the
APR, according to the type(s) of activi-
ties for which information is being re-
quested. You must submit your Amend-
ed Report to BIS, as provided in §782.6
of the APR, no later than 30 calendar
days following your receipt of BIS’s
post complementary access letter.

(e) Option for submitting amended re-
ports in letter form. If you are required
to submit an Amended Report to BIS,
pursuant to paragraph (a), (b), or (d) of
this section, BIS may permit you to
submit your report in the form of a let-
ter that contains all of the corrected
information required under this sec-
tion. Your letter must be submitted to
BIS, at the address indicated in §782.6
of the APR, no later than the applica-
ble due date(s) indicated in this section
(also see Supplement No. 1 to this
Part).

§783.3 Reports containing information
determined by BIS not to be re-
quired by the APR.

If you submit a report and BIS deter-
mines that none of the information
contained therein is required by the
APR, BIS will not process the report
and will notify you, either electroni-
cally or in writing, explaining the basis
for its decision. BIS will not maintain
any record of the report. However, BIS
will maintain a copy of the notifica-
tion.

15 CFR Ch. VII (1-1-13 Edition)

§783.4 Deadlines for submission of re-
ports and amendments.

Reports and amendments required
under this part must be postmarked by
the appropriate date identified in sup-
plement no. 1 to this part 783. Required
reports and amendments include those
identified in paragraphs (a) through (g)
of this section.

(a) Initial Report: Submitted by a lo-
cation that commenced one or more of
the civil nuclear fuel cycle-related ac-
tivities described in §783.1(a) of the
APR during the previous calendar year,
but that has not yet reported such ac-
tivities to BIS. However, Initial Reports
that are submitted to BIS during cal-
endar year 2008 must describe only
those activities in which you are en-
gaged as of October 31, 2008, except that
the description of activities involving
uranium hard-rock mines must include
any such mines that were closed down
during calendar year 2008 (up to and in-
cluding October 31, 2008), as well as
mines that were in either operating or
suspended status on October 31, 2008
(see §783.1(a)(3)(i) of the APR).

(b) Annual Update Report: Submitted
by a reportable location—this report
describes changes to previously re-
ported (i.e., declared) activities and
any other reportable civil nuclear fuel
cycle-related activities that took place
at the location during the previous cal-
endar year.

(c) No Changes Report: Submitted by a
reportable location, in lieu of an An-
nual Update Report, when there are no
updates or changes to any information,
excluding the certifying official and
dates signed and submitted, since the
previous report submitted by that loca-
tion.

(d) Import Confirmation Report: Sub-
mitted in response to a written notifi-
cation from BIS, following a specific
request by the TAEA.

(e) Supplemental Information Report:
Submitted in response to a written no-
tification from BIS, following a spe-
cific request by the IAEA.

(f) Amended Report: Submitted by a
reportable location to report certain
changes affecting the location’s most
recent Initial Report or Annual Update
Report.
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SUPPLEMENT NO. 1 TO PART 783—DEADLINES FOR SUBMISSION OF REPORTS AND
AMENDMENTS

Reports Applicable forms

Due dates

Initial Report ................ Forms AP-1 and AP-2 and:

assembly or construction; and.

Annual Update Report | Forms AP—1 and AP-2 and:
assembly or construction; and.

No Changes Report .... | Form AP-17

—AP-3 or AP-4 for R&D activities;
—AP-5 for civil nuclear-related manufacturing,

—AP-6 for mining and ore beneficiation ...........

—AP-3 or AP-4 for R&D activities;
—AP-5 for civil nuclear-related manufacturing,

—AP-6 for mining and ore beneficiation.

December 1, 2008 for:

(1) Any activities in which you were engaged on

October 31, 2008 and
(2) uranium hard-rock mines that have changed

from operating or suspended status to closed-

down status during calendar year 2008 (up to and

including October 31, 2008).

For activities commencing after October 31, 2008,
Initial Reports must be submitted no later than
January 31 of the year following any calendar
year in which the activities began, unless you
are required to submit an Annual Update Re-
port because of on-going previously “reported”
activities at the same location—in that case,
you may include the new activities in your An-
nual Update Report, instead of submitting a
separate Initial Report.

January 31 of the year following any calendar
year in which the activities took place or there
were changes to previously “reported” activi-
ties.

...... January 31 of the year following any calendar

Import Confirmation
Report.
Supplemental Informa-
tion Report.
Amended Report:
—Report information
—Organization and
location information.
—Complementary
access letter.

amended.

Forms AP-1, AP-2, and AP-14 ........

Forms AP-1, AP-2, and AP-15 .........

Form AP-1 and appropriate forms, as specified in
§783.1 of the APR, for the type of report being

year in which there were no changes to pre-

viously “reported” activities or location informa-

tion.

Within 30 calendar days of receiving notification
from BIS.

Within 15 calendar days of receiving notification
from BIS.

Amended report due:

—30 calendar days after you discover an error
or omission in activity information contained in
your most recent report.

—30 calendar days after a change in company
information or ownership of a location.

—30 calendar days after receipt of a post-com-
plementary access letter from BIS.

SUPPLEMENT NO. 2 TO PART 783—
MANUFACTURING ACTIVITIES

The following constitute manufacturing ac-
tivities that require the submission of a report to
BIS, pursuant to §783.1(a)(2) of the APR.

(1) The manufacture of centrifuge rotor tubes
or the assembly of gas centrifuges. Centrifuge
rotor tubes means thin-walled cylinders as de-
scribed in section 5.1.1(b) of supplement no. 3
to this part. Gas centrifuges means cen-
trifuges as described in the Introductory
Note to section 5.1 of supplement no. 3 to
this part.

(2) The manufacture of diffusion barriers.
Diffusion barriers means thin, porous filters
as described in section 5.3.1(a) of Supplement
No. 3 to this Part.

(3) The manufacture or assembly of laser-
based systems. Laser-based systems means sys-
tems incorporating those items as described
in section 5.7 of Supplement No. 3 to this
Part.

(4) The manufacture or assembly of electro-
magnetic isotope separators. Electromagnetic

isotope separators means those items referred
to in Section 5.9.1 of supplement no. 3 to this
part containing ion sources as described in
section 5.9.1(a) of supplement no. 3 to this
part.

(5) The manufacture or assembly of col-
umns or extraction equipment. Columns or ex-
traction equipment means those items as de-
scribed in sections 5.6.1, 5.6.2, 5.6.3, 5.6.5, 5.6.6,
5.6.7, and 5.6.8 of Supplement No. 3 to this
Part.

(6) The manufacture of aerodynamic separa-
tion mozzles or vortex tubes. Aerodynamic sepa-
ration moceles or vorter tubes means separa-
tion nozzles and vortex tubes as described,
respectively, in sections 5.5.1 and 5.5.2 of
Supplement No. 3 to this Part.

(7 The manufacture or assembly of wura-
nium plasma generation systems. Uranium plas-
ma generation systems means systems for the
generation of uranium plasma as described
in section 5.8.3 of supplement no. 3 to this
part.
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(8) The manufacture of zirconium tubes. zir-
conium tubes means tubes as described in sec-
tion 1.6 of supplement no. 3 to this part.

(9) The manufacture or upgrading of heavy
water or deuterium. Heavy water or deuterium
means deuterium, heavy water (deuterium
oxide) and any other deuterium compound in
which the ratio of deuterium to hydrogen
atoms exceeds 1:5000.

(10) The manufacture of nuclear grade
graphite. Nuclear grade graphite means graph-
ite having a purity level better than 5 parts
per million boron equivalent and with a den-
sity greater than 1.50 g/cm3;

(11) The manufacture of flasks for irradiated
fuel. A flask for irradiated fuel means a vessel
for the transportation and/or storage of irra-
diated fuel that provides chemical, thermal
and radiological protection, and dissipates
decay heat during handling, transportation
and storage.

(12) The manufacture of reactor control rods.
Reactor control rods means rods as described
in section 1.4 of supplement no. 3 to this
part.

(13) The manufacture of critically safe tanks
and wvessels. Critically safe tanks and vessels
means those items as described in sections
3.2 and 3.4 of supplement no. 3 to this part.

(14) The manufacture of irradiated fuel ele-
ment chopping machines. Irradiated fuel ele-
ment chopping machines means equipment as
described in section 3.1 of supplement no. 3
to this part.

(15) The construction of hot cells. Hot cells
means a cell or interconnected cells totaling
at least 6 cubic meters in volume with
shielding equal to or greater than the equiv-
alent of 0.5 meters of concrete, with a den-
sity of 3.2 g/cm3 or greater, outfitted with
equipment for remote operations.

SUPPLEMENT NO. 3 TO PART 783—LIST OF
SPECIFIED EQUIPMENT AND NON-NU-
CLEAR MATERIAL FOR THE REPORT-
ING OF IMPORTS

1. REACTORS AND EQUIPMENT THEREFOR

1.1. COMPLETE NUCLEAR REACTORS

Nuclear reactors capable of operation so as
to maintain a controlled self-sustaining fis-
sion chain reaction, excluding zero energy
reactors, the latter being defined as reactors
with a designed maximum rate of production
of plutonium not exceeding 100 grams per
year.

EXPLANATORY NOTE: A ‘‘nuclear reactor”
basically includes the items within or at-
tached directly to the reactor vessel, the
equipment which controls the level of power
in the core, and the components which nor-
mally contain or come in direct contact with
or control the primary coolant of the reactor
core. It is not intended to exclude reactors
which could reasonably be capable of modi-
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fication to produce significantly more than
100 grams of plutonium per year. Reactors
designed for sustained operation at signifi-
cant power levels, regardless of their capac-
ity for plutonium production, are not consid-
ered as ‘‘zero energy reactors.”

1.2. REACTOR PRESSURE VESSELS

Metal vessels, as complete units or as
major shop-fabricated parts therefor, which
are specially designed or prepared to contain
the core of a nuclear reactor, as defined in
section 1.1, and are capable of withstanding
the operating pressure of the primary cool-
ant.

EXPLANATORY NOTE: This is the list that
the TAEA Board of Governors agreed at its
meeting on 24 February 1993 would be used
for the purpose of the voluntary reporting
scheme, as subsequently amended by the
Board. A top plate for a reactor pressure ves-
sel is covered by this section 1.2 as a major
shop-fabricated part of a pressure vessel. Re-
actor internals (e.g., support columns and
plates for the core and other vessel internals,
control rod guide tubes, thermal shields, baf-
fles, core grid plates, diffuser plates, etc.) are
normally supplied by the reactor supplier. In
some cases, certain internal support compo-
nents are included in the fabrication of the
pressure vessel. These items are sufficiently
critical to the safety and reliability of the
operation of the reactor (and, therefore, to
the guarantees and liability of the reactor
supplier), so that their supply, outside the
basic supply arrangement for the reactor
itself, would not be common practice. There-
fore, although the separate supply of these
unique, specially designed and prepared, crit-
ical, large and expensive items would not
necessarily be considered as falling outside
the area of concern, such a mode of supply is
considered unlikely.

1.3. REACTOR FUEL CHARGING AND DISCHARGING
MACHINES

Manipulative equipment specially designed
or prepared for inserting or removing fuel in
a nuclear reactor, as defined in section 1.1 of
this Supplement, capable of on-load oper-
ation or employing technically sophisticated
positioning or alignment features to allow
complex off-load fueling operations such as
those in which direct viewing of or access to
the fuel is not normally available.

1.4. REACTOR CONTROL RODS

Rods specially designed or prepared for the
control of the reaction rate in a nuclear re-
actor as defined in section 1.1 of this Supple-
ment.

EXPLANATORY NOTE: This item includes, in
addition to the neutron absorbing part, the
support or suspension structures therefor if
supplied separately.
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1.5. REACTOR PRESSURE TUBES

Tubes which are specially designed or pre-
pared to contain fuel elements and the pri-
mary coolant in a reactor, as defined in sec-
tion 1.1 of this supplement, at an operating
pressure in excess of 5.1 MPa (740 psi).

1.6. ZIRCONIUM TUBES

Zirconium metal and alloys in the form of
tubes or assemblies of tubes, and in quan-
tities exceeding 500 kg in any period of 12
months, specially designed or prepared for
use in a reactor, as defined in section 1.1 of
this supplement, and in which the relation of
hafnium to zirconium is less than 1:500 parts
by weight.

1.7. PRIMARY COOLANT PUMPS

Pumps specially designed or prepared for
circulating the primary coolant for nuclear
reactors, as defined in section 1.1 of this Sup-
plement.

EXPLANATORY NOTE: Specially designed or
prepared pumps may include elaborate
sealed or multi-sealed systems to prevent
leakage of primary coolant, canned-driven
pumps, and pumps with inertial mass sys-
tems. This definition encompasses pumps
certified to NC-1 or equivalent standards.

2. NON-NUCLEAR MATERIALS FOR REACTORS

2.1. DEUTERIUM AND HEAVY WATER

Deuterium, heavy water (deuterium oxide)
and any other deuterium compound in which
the ratio of deuterium to hydrogen atoms ex-
ceeds 1:5000 for use in a nuclear reactor, as
defined in section 1.1 of this supplement, in
quantities exceeding 200 kg of deuterium
atoms for any one recipient country in any
period of 12 months.

2.2. NUCLEAR GRADE GRAPHITE

Graphite having a purity level better than
5 parts per million boron equivalent and with
a density greater than 1.50 g/cm3 for use in a
nuclear reactor, as defined in section 1.1 of
this Supplement, in quantities exceeding 3 x
10%¢ kg (30 metric tons) for any one recipient
country in any period of 12 months.

NoOTE: For the purpose of reporting, the
Government will determine whether or not
the exports of graphite meeting the speci-
fications of this section 2.2 are for nuclear
reactor use.

3. PLANTS FOR THE REPROCESSING OF IRRADI-
ATED FUEL ELEMENTS, AND EQUIPMENT SPE-
CIALLY DESIGNED OR PREPARED THEREFOR

INTRODUCTORY NOTE: Reprocessing irradi-
ated nuclear fuel separates plutonium and
uranium from intensely radioactive fission
products and other transuranic elements.
Different technical processes can accomplish
this separation. However, over the years
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Purex has become the most commonly used
and accepted process. Purex involves the dis-
solution of irradiated nuclear fuel in nitric
acid, followed by separation of the uranium,
plutonium, and fission products by solvent
extraction using a mixture of tributyl phos-
phate in an organic diluent. Purex facilities
have process functions similar to each other,
including: Irradiated fuel element chopping,
fuel dissolution, solvent extraction, and
process liquor storage. There may also be
equipment for thermal denitration of ura-
nium nitrate, conversion of plutonium ni-
trate to oxide or metal, and treatment of fis-
sion product waste liquor to a form suitable
for long term storage or disposal. However,
the specific type and configuration of the
equipment performing these functions may
differ between Purex facilities for several
reasons, including the type and quantity of
irradiated nuclear fuel to be reprocessed and
the intended disposition of the recovered ma-
terials, and the safety and maintenance phi-
losophy incorporated into the design of the
facility. A ‘“‘plant for the reprocessing of ir-
radiated fuel elements’ includes the equip-
ment and components which normally come
in direct contact with and directly control
the irradiated fuel and the major nuclear
material and fission product processing
streams. These processes, including the com-
plete systems for plutonium conversion and
plutonium metal production, may be identi-
fied by the measures taken to avoid criti-
cality (e.g., by geometry), radiation exposure
(e.g., by shielding), and toxicity hazards
(e.g., by containment). Items of equipment
that are considered to fall within the mean-
ing of the phrase ‘‘and equipment specially
designed or prepared’ for the reprocessing of
irradiated fuel elements include:

3.1. IRRADIATED FUEL ELEMENT CHOPPING
MACHINES

INTRODUCTORY NOTE: This equipment
breaches the cladding of the fuel to expose
the irradiated nuclear material to dissolu-
tion. Specially designed metal cutting shears
are the most commonly employed, although
advanced equipment, such as lasers, may be
used. Remotely operated equipment spe-
cially designed or prepared for use in a re-
processing plant, as identified in the intro-
ductory paragraph of this section, and in-
tended to cut, chop or shear irradiated nu-
clear fuel assemblies, bundles or rods.

3.2. DISSOLVERS

INTRODUCTORY NOTE: Dissolvers normally
receive the chopped-up spent fuel. In these
critically safe vessels, the irradiated nuclear
material is dissolved in nitric acid and the
remaining hulls removed from the process
stream. Critically safe tanks (e.g., small di-
ameter, annular or slab tanks) specially de-
signed or prepared for use in a reprocessing
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plant, as identified in the introductory para-
graph of this section, intended for dissolu-
tion of irradiated nuclear fuel and which are
capable of withstanding hot, highly corrosive
liquid, and which can be remotely loaded and
maintained.

3.3. SOLVENT EXTRACTORS AND SOLVENT
EXTRACTION EQUIPMENT

INTRODUCTORY NOTE: Solvent extractors
both receive the solution of irradiated fuel
from the dissolvers and the organic solution
which separates the uranium, plutonium,
and fission products. Solvent extraction
equipment is normally designed to meet
strict operating parameters, such as long op-
erating lifetimes with no maintenance re-
quirements or adaptability to easy replace-
ment, simplicity of operation and control,
and flexibility for variations in process con-
ditions. Specially designed or prepared sol-
vent extractors such as packed or pulse col-
umns, mixer settlers or centrifugal
contactors for use in a plant for the reproc-
essing of irradiated fuel. Solvent extractors
must be resistant to the corrosive effect of
nitric acid. Solvent extractors are normally
fabricated to extremely high standards (in-
cluding special welding and inspection and
quality assurance and quality control tech-
niques) out of low carbon stainless steels, ti-
tanium, zirconium, or other high quality ma-
terials.

3.4. CHEMICAL HOLDING OR STORAGE VESSELS

INTRODUCTORY NOTE: Three main process
liquor streams result from the solvent ex-
traction step. Holding or storage vessels are
used in the further processing of all three
streams, as follows:

(a) The pure uranium nitrate solution is
concentrated by evaporation and passed to a
denitration process where it is converted to
uranium oxide. This oxide is re-used in the
nuclear fuel cycle.

(b) The intensely radioactive fission prod-
ucts solution is normally concentrated by
evaporation and stored as a liquor con-
centrate. This concentrate may be subse-
quently evaporated and converted to a form
suitable for storage or disposal.

(c) The pure plutonium nitrate solution is
concentrated and stored pending its transfer
to further process steps. In particular, hold-
ing or storage vessels for plutonium solu-
tions are designed to avoid criticality prob-
lems resulting from changes in concentra-
tion and form of this stream. Specially de-
signed or prepared holding or storage vessels
for use in a plant for the reprocessing of irra-
diated fuel. The holding or storage vessels
must be resistant to the corrosive effect of
nitric acid. The holding or storage vessels
are normally fabricated of materials such as
low carbon stainless steels, titanium or zir-
conium, or other high quality materials.
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Holding or storage vessels may be designed
for remote operation and maintenance and
may have the following features for control
of nuclear criticality: (1) Walls or internal
structures with a boron equivalent of at
least two percent; (2) a maximum diameter
of 176 mm (7 in) for cylindrical vessels; or (3)
a maximum width of 75 mm (3 in) for either
a slab or annular vessel.

3.5. PLUTONIUM NITRATE TO OXIDE CONVERSION
SYSTEM

INTRODUCTORY NOTE: In most reprocessing
facilities, this final process involves the con-
version of the plutonium nitrate solution to
plutonium dioxide. The main functions in-
volved in this process are: process feed stor-
age and adjustment, precipitation and solid/
liquor separation, calcination, product han-
dling, ventilation, waste management, and
process control. Complete systems specially
designed or prepared for the conversion of
plutonium nitrate to plutonium oxide, in
particular adapted so as to avoid criticality
and radiation effects and to minimize tox-
icity hazards.

3.6. PLUTONIUM OXIDE TO METAL PRODUCTION
SYSTEM

INTRODUCTORY NOTE: This process, which
could be related to a reprocessing facility,
involves the fluorination of plutonium diox-
ide, normally with highly corrosive hydrogen
fluoride, to produce plutonium fluoride
which is subsequently reduced using high pu-
rity calcium metal to produce metallic plu-
tonium and a calcium fluoride slag. The
main functions involved in this process are:
fluorination (e.g., involving equipment fab-
ricated or lined with a precious metal),
metal reduction (e.g., employing ceramic
crucibles), slag recovery, product handling,
ventilation, waste management and process
control. Complete systems specially designed
or prepared for the production of plutonium
metal, in particular adapted so as to avoid
criticality and radiation effects and to mini-
mize toxicity hazards.

4. PLANTS FOR THE FABRICATION OF FUEL
ELEMENTS

A ‘“‘plant for the fabrication of fuel ele-
ments’’ includes the equipment:

(a) Which normally comes in direct con-
tact with, or directly processes, or controls,
the production flow of nuclear material, or

(b) Which seals the nuclear material within
the cladding.

5. PLANTS FOR THE SEPARATION OF ISOTOPES
OF URANIUM AND EQUIPMENT, OTHER THAN
ANALYTICAL INSTRUMENTS, SPECIALLY DE-
SIGNED OR PREPARED THEREFOR

Items of equipment that are considered to
fall within the meaning of the phrase

926



Bureau of Industry and Security, Commerce

‘‘equipment, other than analytical instru-
ments, specially designed or prepared’” for
the separation of isotopes of uranium in-
clude:

5.1. GAS CENTRIFUGES AND ASSEMBLIES AND
COMPONENTS SPECIALLY DESIGNED OR PRE-
PARED FOR USE IN GAS CENTRIFUGES

INTRODUCTORY NOTE: The gas centrifuge
normally consists of a thin-walled cyl-
inder(s) of between 75 mm (3 in) and 400 mm
(16 in) diameter contained in a vacuum envi-
ronment and spun at high peripheral speed of
the order of 300 m/s or more with its central
axis vertical. In order to achieve high speed
the materials of construction for the rotat-
ing components have to be of a high strength
to density ratio and the rotor assembly, and
hence its individual components, have to be
manufactured to very close tolerances in
order to minimize the unbalance. In contrast
to other centrifuges, the gas centrifuge for
uranium enrichment is characterized by hav-
ing within the rotor chamber a rotating disc-
shaped baffle(s) and a stationary tube ar-
rangement for feeding and extracting the
UF¢ gas and featuring at least 3 separate
channels, of which 2 are connected to scoops
extending from the rotor axis towards the
periphery of the rotor chamber. Also con-
tained within the vacuum environment are a
number of critical items which do not rotate
and which although they are specially de-
signed are not difficult to fabricate nor are
they fabricated out of unique materials. A
centrifuge facility however requires a large
number of these components, so that quan-
tities can provide an important indication of
end use.

5.1.1. ROTATING COMPONENTS

(a) Complete rotor assemblies: Thin-walled
cylinders, or a number of interconnected
thin-walled cylinders, manufactured from
one or more of the high strength to density
ratio materials described in the Explanatory
Note to section 5.1.1 of this supplement. If
interconnected, the cylinders are joined to-
gether by flexible bellows or rings as de-
scribed in section 5.1.1(c) of this supplement.
The rotor is fitted with an internal baffle(s)
and end caps, as described in section 5.1.1(d)
and (e) of this supplement, if in final form.
However the complete assembly may be de-
livered only partly assembled.

(b) Rotor tubes: Specially designed or pre-
pared thin-walled cylinders with thickness of
12 mm (0.5 in) or less, a diameter of between
75 mm (3 in) and 400 mm (16 in), and manu-
factured from one or more of the high
strength to density ratio materials described
in the Explanatory Note to section 5.1.1 of this
supplement.

(c) Rings or Bellows: Components specially
designed or prepared to give localized sup-
port to the rotor tube or to join together a
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number of rotor tubes. The bellows is a short
cylinder of wall thickness 3 mm (0.12 in) or
less, a diameter of between 75 mm (3 in) and
400 mm (16 in), having a convolute, and man-
ufactured from one of the high strength to
density ratio materials described in the Ex-
planatory Note to section 5.1.1 of this supple-
ment.

(d) Baffles: Disc-shaped components of be-
tween 75 mm (3 in) and 400 mm (16 in) diame-
ter specially designed or prepared to be
mounted inside the centrifuge rotor tube, in
order to isolate the take-off chamber from
the main separation chamber and, in some
cases, to assist the UF¢ gas circulation with-
in the main separation chamber of the rotor
tube, and manufactured from one of the high
strength to density ratio materials described
in the Explanatory Note to section 5.1.1 of this
supplement.

(e) Top caps/Bottom caps: Disc-shaped com-
ponents of between 75 mm (3 in) and 400 mm
(16 in) diameter specially designed or pre-
pared to fit to the ends of the rotor tube, and
so contain the UF¢ within the rotor tube, and
in some cases to support, retain or contain
as an integrated part an element of the
upper bearing (top cap) or to carry the rotat-
ing elements of the motor and lower bearing
(bottom cap), and manufactured from one of
the high strength to density ratio materials
described in the Explanatory Note to section
5.1.1 of this supplement.

EXPLANATORY NOTE: The materials used for
centrifuge rotating components are:

(a) Maraging steel capable of an ultimate
tensile strength of 2.05 x 109 N/m2 (300,000 psi)
or more;

(b) Aluminum alloys capable of an ulti-
mate tensile strength of 0.46 x 109 N/m2 (67,000
psi) or more;

(c) Filamentary materials suitable for use
in composite structures and having a specific
modulus of 12.3 x 106 m or greater and a spe-
cific ultimate tensile strength of 0.3 x 106 m
or greater (‘“‘Specific Modulus” is the
Young’s Modulus in N/m? divided by the spe-
cific weight in N/m3; ‘‘Specific Ultimate Ten-
sile Strength’” is the ultimate tensile
strength in N/m2 divided by the specific
weight in N/m3).

5.1.2. STATIC COMPONENTS

(a) Magnetic suspension bearings: Specially
designed or prepared bearing assemblies con-
sisting of an annular magnet suspended
within a housing containing a damping me-
dium. The housing will be manufactured
from a UFs-resistant material (see Explana-
tory Note to section 5.2 of this supplement).
The magnet couples with a pole piece or a
second magnet fitted to the top cap de-
scribed in section 5.1.1(e) of this Supplement.
The magnet may be ring-shaped with a rela-
tion between outer and inner diameter
smaller or equal to 1.6:1. The magnet may be
in a form having an initial permeability of
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0.15 H/m (120,000 in CGS units) or more, or a
remanence of 98.5% or more, or an energy
product of greater than 80 kJ/m3 (107 gauss-
oersteds). In addition to the usual material
properties, it is a prerequisite that the devi-
ation of the magnetic axes from the geomet-
rical axes is limited to very small tolerances
(lower than 0.1 mm or 0.004 in) or that homo-
geneity of the material of the magnet is spe-
cially called for.

(b) Bearings/Dampers: Specially designed or
prepared bearings comprising a pivot/cup as-
sembly mounted on a damper. The pivot is
normally a hardened steel shaft with a hemi-
sphere at one end with a means of attach-
ment to the bottom cap, described in section
5.1.1(e) of this Supplement, at the other. The
shaft may however have a hydrodynamic
bearing attached. The cup is pellet-shaped
with a hemispherical indentation in one sur-
face. These components are often supplied
separately to the damper.

(c) Molecular pumps: Specially designed or
prepared cylinders having internally ma-
chined or extruded helical grooves and inter-
nally machined bores. Typical dimensions
are as follows: 75 mm (3 in) to 400 mm (16 in)
internal diameter, 10 mm (0.4 in) or more
wall thickness, with the length equal to or
greater than the diameter. The grooves are
typically rectangular in cross-section and 2
mm (0.08 in) or more in depth.

(d) Motor stators: Specially designed or pre-
pared ring-shaped stators for high speed mul-
tiphase AC hysteresis (or reluctance) motors
for synchronous operation within a vacuum
in the frequency range of 600-2000 Hz and a
power range of 50-1000 VA. The stators con-
sist of multi-phase windings on a laminated
low loss iron core comprised of thin layers
typically 2.0 mm (0.08 in) thick or less.

(e) Centrifuge housing/recipients: Compo-
nents specially designed or prepared to con-
tain the rotor tube assembly of a gas cen-
trifuge. The housing consists of a rigid cyl-
inder of wall thickness up to 30 mm (1.2 in)
with precision machined ends to locate the
bearings and with one or more flanges for
mounting. The machined ends are parallel to
each other and perpendicular to the cyl-
inder’s longitudinal axis to within 0.05 de-
grees or less. The housing may also be a hon-
eycomb type structure to accommodate sev-
eral rotor tubes. The housings are made of or
protected by materials resistant to corrosion
by UF6.

(f) Scoops: Specially designed or prepared
tubes of up to 12 mm (0.5 in) internal diame-
ter for the extraction of UF6 gas from within
the rotor tube by a Pitot tube action (that
is, with an aperture facing into the circum-
ferential gas flow within the rotor tube, for
example by bending the end of a radially dis-
posed tube) and capable of being fixed to the
central gas extraction system. The tubes are
made of or protected by materials resistant
to corrosion by UF6.
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5.2. SPECIALLY DESIGNED OR PREPARED AUXIL-
IARY SYSTEMS, EQUIPMENT AND COMPONENTS
FOR GAS CENTRIFUGE ENRICHMENT PLANTS

INTRODUCTORY NOTE: The auxiliary sys-
tems, equipment and components for a gas
centrifuge enrichment plant are the systems
of plant needed to feed UF6 to the cen-
trifuges, to link the individual centrifuges to
each other to form cascades (or stages) to
allow for progressively higher enrichments
and to extract the ‘‘product’” and ‘‘tails”
UF6 from the centrifuges, together with the
equipment required to drive the centrifuges
or to control the plant. Normally UFs is
evaporated from the solid using heated
autoclaves and is distributed in gaseous form
to the centrifuges by way of cascade header
pipework. The ‘‘product’” and ‘‘tails” UFe
gaseous streams flowing from the centrifuges
are also passed by way of cascade header
pipework to cold traps (operating at about
203 K (=70 °C)) where they are condensed
prior to onward transfer into suitable con-
tainers for transportation or storage. Be-
cause an enrichment plant consists of many
thousands of centrifuges arranged in cas-
cades there are many kilometers of cascade
header pipework, incorporating thousands of
welds with a substantial amount of repeti-
tion of layout. The equipment, components
and piping systems are fabricated to very
high vacuum and cleanliness standards.

5.2.1. FEED SYSTEMS/PRODUCT AND TAILS
WITHDRAWAL SYSTEMS

Specially designed or prepared process sys-
tems including: Feed autoclaves (or sta-
tions), used for passing UF¢ to the centrifuge
cascades at up to 100 kPa (15 psi) and at a
rate of 1 kg/h or more; desublimers (or cold
traps) used to remove UF¢ from the cascades
at up to 3 kPa (0.5 psi) pressure. The
desublimers are capable of being chilled to
203 K (=70 °C) and heated to 343 K (70 °C);
“Product” and ‘‘Tails” stations used for
trapping UF6 into containers. This plant,
equipment and pipework is wholly made of
or lined with UF¢-resistant materials (see
Ezxplanatory Note to section 5.2 of this Supple-
ment) and is fabricated to very high vacuum
and cleanliness standards.

5.2.2. MACHINE HEADER PIPING SYSTEMS

Specially designed or prepared piping sys-
tems and header systems for handling UFg
within the centrifuge cascades. The piping
network is normally of the ‘‘triple’’ header
system with each centrifuge connected to
each of the headers. There is thus a substan-
tial amount of repetition in its form. It is
wholly made of UFe¢-resistant materials (see
Explanatory Note to section 5.2 of this supple-
ment) and is fabricated to very high vacuum
and cleanliness standards.
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5.2.3. UFs MASS SPECTROMETERS/ION SOURCES

Specially designed or prepared magnetic or
quadrupole mass spectrometers capable of
taking ‘‘on-line”’ samples of feed, product or
tails, from UF¢ gas streams and having all of
the following characteristics:

(a) Unit resolution for atomic mass unit
greater than 320;

(b) Ion sources constructed of or lined with
nichrome or monel or nickel plated;

(¢c) Electron bombardment ionization
sources;

(d) Having a collector system suitable for
isotopic analysis.

5.2.4. FREQUENCY CHANGERS

Frequency changers (also known as con-
verters or invertors) specially designed or
prepared to supply motor stators (as defined
under section 5.1.2(d) of this supplement), or
parts, components and sub-assemblies of
such frequency changers having all of the
following characteristics:

(a) A multiphase output of 600 to 2000 Hz;

(b) High stability (with frequency control
better than 0.1%);

(¢) Low harmonic distortion (less than 2%);
and

(d) An efficiency of greater than 80%.

EXPLANATORY NOTE: The items listed in
this section 5.2 either come into direct con-
tact with the UF¢ process gas or directly
control the centrifuges and the passage of
the gas from centrifuge to centrifuge and
cascade to cascade. Materials resistant to
corrosion by UF¢ include stainless steel, alu-
minum, aluminum alloys, nickel or alloys
containing 60% or more nickel.

5.3. SPECIALLY DESIGNED OR PREPARED ASSEM-
BLIES AND COMPONENTS FOR USE IN GASEOUS
DIFFUSION ENRICHMENT

INTRODUCTORY NOTE: In the gaseous diffu-
sion method of uranium isotope separation,
the main technological assembly is a special
porous gaseous diffusion barrier, heat ex-
changer for cooling the gas (which is heated
by the process of compression), seal valves
and control valves, and pipelines. Inasmuch
as gaseous diffusion technology uses ura-
nium hexafluoride (UFg), all equipment,
pipeline and instrumentation surfaces (that
come in contact with the gas) must be made
of materials that remain stable in contact
with UFs. A gaseous diffusion facility re-
quires a number of these assemblies, so that
quantities can provide an important indica-
tion of end use.

5.3.1. GASEOUS DIFFUSION BARRIERS

(a) Specially designed or prepared thin, po-
rous filters, with a pore size of 100-1,000 A
(angstroms), a thickness of 5 mm (0.2 in) or
less, and for tubular forms, a diameter of 25
mm (1 in) or less, made of metallic, polymer
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or ceramic materials resistant to corrosion
by UF¢, and

(b) Specially prepared compounds or pow-
ders for the manufacture of such filters.
Such compounds and powders include nickel
or alloys containing 60 percent or more nick-
el, aluminum oxide, or UFg¢-resistant fully
fluorinated hydrocarbon polymers having a
purity of 99.9 percent or more, a particle size
less than 10 microns, and a high degree of
particle size uniformity, which are specially
prepared for the manufacture of gaseous dif-
fusion barriers.

5.3.2. DIFFUSER HOUSINGS

Specially designed or prepared hermeti-
cally sealed cylindrical vessels greater than
300 mm (12 in) in diameter and greater than
900 mm (35 in) in length, or rectangular ves-
sels of comparable dimensions, which have
an inlet connection and two outlet connec-
tions all of which are greater than 50 mm (2
in) in diameter, for containing the gaseous
diffusion barrier, made of or lined with UF¢-
resistant materials and designed for hori-
zontal or vertical installation.

5.3.3. COMPRESSORS AND GAS BLOWERS

Specially designed or prepared axial, cen-
trifugal, or positive displacement compres-
sors, or gas blowers with a suction volume
capacity of 1 m3min or more of UFs, and
with a discharge pressure of up to several
hundred kPa (100 psi), designed for long-term
operation in the UF¢ environment with or
without an electrical motor of appropriate
power, as well as separate assemblies of such
compressors and gas blowers. These compres-
sors and gas blowers have a pressure ratio
between 2:1 and 6:1 and are made of, or lined
with, materials resistant to UFg.

5.3.4. ROTARY SHAFT SEALS

Specially designed or prepared vacuum
seals, with seal feed and seal exhaust connec-
tions, for sealing the shaft connecting the
compressor or the gas blower rotor with the
driver motor so as to ensure a reliable seal
against in-leaking of air into the inner
chamber of the compressor or gas blower
which is filled with UFs. Such seals are nor-
mally designed for a buffer gas in-leakage
rate of less than 1000 cm3/min (60 in3/min).

5.3.5. HEAT EXCHANGERS FOR COOLING UF

Specially designed or prepared heat ex-
changers made of or lined with UFs-resistant
materials (except stainless steel) or with
copper or any combination of those metals,
and intended for a leakage pressure change
rate of less than 10 Pa (0.0015 psi) per hour
under a pressure difference of 100 kPa (15
psi).
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5.4. SPECIALLY DESIGNED OR PREPARED AUXIL-
IARY SYSTEMS, EQUIPMENT AND COMPONENTS
FOR USE IN GASEOUS DIFFUSION ENRICH-
MENT

INTRODUCTORY NOTE: The auxiliary sys-
tems, equipment and components for gaseous
diffusion enrichment plants are the systems
of plant needed to feed UF¢ to the gaseous
diffusion assembly, to link the individual as-
semblies to each other to form cascades (or
stages) to allow for progressively higher en-
richments and to extract the ‘“‘product’ and
“tails” UF¢ from the diffusion cascades. Be-
cause of the high inertial properties of diffu-
sion cascades, any interruption in their oper-
ation, and especially their shut-down, leads
to serious consequences. Therefore, a strict
and constant maintenance of vacuum in all
technological systems, automatic protection
from accidents, and precise automated regu-
lation of the gas flow is of importance in a
gaseous diffusion plant. All this leads to a
need to equip the plant with a large number
of special measuring, regulating and control-
ling systems. Normally UF¢ is evaporated
from cylinders placed within autoclaves and
is distributed in gaseous form to the entry
point by way of cascade header pipework.
The ‘‘product” and ‘‘tails” UF¢ gaseous
streams flowing from exit points are passed
by way of cascade header pipework to either
cold traps or to compression stations where
the UF¢ gas is liquefied prior to onward
transfer into suitable containers for trans-
portation or storage. Because a gaseous dif-
fusion enrichment plant consists of a large
number of gaseous diffusion assemblies ar-
ranged in cascades, there are many Kkilo-
meters of cascade header pipework, incor-
porating thousands of welds with substantial
amounts of repetition of layout. The equip-
ment, components and piping systems are
fabricated to very high vacuum and cleanli-
ness standards.

5.4.1. FEED SYSTEMS/PRODUCT AND TAILS
WITHDRAWAL SYSTEMS

Specially designed or prepared process sys-
tems, capable of operating at pressures of 300
kPa (45 psi) or less, including:

(a) Feed autoclaves (or systems), used for
passing UFs to the gaseous diffusion cas-
cades;

(b) Desublimers (or cold traps) used to re-
move UF¢ from diffusion cascades;

(c) Liquefaction stations where UF¢ gas
from the cascade is compressed and cooled to
form liquid UFg;

(d) “Product’ or ‘‘tails’ stations used for
transferring UFs into containers.

5.4.2. HEADER PIPING SYSTEMS

Specially designed or prepared piping sys-
tems and header systems for handling UFg
within the gaseous diffusion cascades. This
piping network is normally of the ‘‘double”
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header system with each cell connected to
each of the headers.

5.4.3. VACUUM SYSTEMS

(a) Specially designed or prepared large
vacuum manifolds, vacuum headers and vac-
uum pumps having a suction capacity of 5
m3/min (175 ft3/min) or more.

(b) Vacuum pumps specially designed for
service in UF¢-bearing atmospheres made of,
or lined with, aluminum, nickel, or alloys
bearing more than 60% nickel. These pumps
may be either rotary or positive, may have
displacement and fluorocarbon seals, and
may have special working fluids present.

5.4.4. SPECIAL SHUT-OFF AND CONTROL VALVES

Specially designed or prepared manual or
automated shut-off and control bellows
valves made of UFe-resistant materials with
a diameter of 40 to 1500 mm (1.5 to 59 in) for
installation in main and auxiliary systems of
gaseous diffusion enrichment plants.

5.4.5. UF¢ MASS SPECTROMETERS/ION SOURCES

Specially designed or prepared magnetic or
quadrupole mass spectrometers capable of
taking ‘‘on-line”’ samples of feed, product or
tails, from UF¢ gas streams and having all of
the following characteristics:

(a) Unit resolution for atomic mass unit
greater than 320;

(b) Ion sources constructed of or lined with
nichrome or monel or nickel plated;

(c) Electron bombardment ionization
sources;

(d) Collector system suitable for isotopic
analysis.

EXPLANATORY NOTE: The items listed in
this section 5.4 either come into direct con-
tact with the UFs process gas or directly
control the flow within the cascade. All sur-
faces which come into contact with the proc-
ess gas are wholly made of, or lined with,
UFs-resistant materials. For the purposes of
the sections in this supplement relating to
gaseous diffusion items, the materials resist-
ant to corrosion by UF¢ include stainless
steel, aluminum, aluminum alloys, alu-
minum oxide, nickel or alloys containing
60% or more nickel and UF¢-resistant fully
fluorinated hydrocarbon polymers.

5.5. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS, EQUIPMENT AND COMPONENTS FOR USE
IN AERODYNAMIC ENRICHMENT PLANTS

INTRODUCTORY NOTE: In aerodynamic en-
richment processes, a mixture of gaseous
UF¢ and light gas (hydrogen or helium) is
compressed and then passed through sepa-
rating elements wherein isotopic separation
is accomplished by the generation of high
centrifugal forces over a curved-wall geom-
etry. Two processes of this type have been
successfully developed: The separation noz-
zle process and the vortex tube process. For
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both processes the main components of a
separation stage include cylindrical vessels
housing the special separation elements
(nozzles or vortex tubes), gas compressors
and heat exchangers to remove the heat of
compression. An aerodynamic plant requires
a number of these stages, so that quantities
can provide an important indication of end
use. Since aerodynamic processes use UFg,
all equipment, pipeline and instrumentation
surfaces (that come in contact with the gas)
must be made of materials that remain sta-
ble in contact with UFs.

EXPLANATORY NOTE: The items listed in
section 5.5 of this Supplement either come
into direct contact with the UF¢ process gas
or directly control the flow within the cas-
cade. All surfaces which come into contact
with the process gas are wholly made of or
protected by UFe-resistant materials. For
the purposes of the provisions of section 5.5
of this supplement that relate to aero-
dynamic enrichment items, the materials re-
sistant to corrosion by UF¢ include copper,
stainless steel, aluminum, aluminum alloys,
nickel or alloys containing 60% or more
nickel and UFg-resistant fully fluorinated
hydrocarbon polymers.

5.5.1. SEPARATION NOZZLES

Specially designed or prepared separation
nozzles and assemblies thereof. The separa-
tion nozzles consist of slit-shaped, curved
channels having a radius of curvature less
than 1 mm (typically 0.1 to 0.056 mm), resist-
ant to corrosion by UFs and having a knife-
edge within the nozzle that separates the gas
flowing through the nozzle into two frac-
tions.

5.5.2. VORTEX TUBES

Specially designed or prepared vortex
tubes and assemblies thereof. The vortex
tubes are cylindrical or tapered, made of or
protected by materials resistant to corrosion
by UFs, having a diameter of between 0.5 cm
and 4 cm, a length to diameter ratio of 20:1
or less and with one or more tangential in-
lets. The tubes may be equipped with nozzle-
type appendages at either or both ends.

EXPLANATORY NOTE: The feed gas enters
the vortex tube tangentially at one end or
through swirl vanes or at numerous tangen-
tial positions along the periphery of the
tube.

5.5.3. COMPRESSORS AND GAS BLOWERS

Specially designed or prepared axial, cen-
trifugal or positive displacement compres-
sors or gas blowers made of or protected by
materials resistant to corrosion by UF¢ and
with a suction volume capacity of 2 m3/min
or more of UF¢/carrier gas (hydrogen or he-
lium) mixture.

Pt. 783, Supp. 3

EXPLANATORY NOTE: These compressors
and gas blowers typically have a pressure
ratio between 1.2:1 and 6:1.

5.5.4. ROTARY SHAFT SEALS

Specially designed or prepared rotary shaft
seals, with seal feed and seal exhaust connec-
tions, for sealing the shaft connecting the
compressor rotor or the gas blower rotor
with the driver motor so as to ensure a reli-
able seal against out-leakage of process gas
or in-leakage of air or seal gas into the inner
chamber of the compressor or gas blower
which is filled with a UF¢/carrier gas mix-
ture.

5.5.5. HEAT EXCHANGERS FOR GAS COOLING

Specially designed or prepared heat ex-
changers made of or protected by materials
resistant to corrosion by UFs.

5.5.6. SEPARATION ELEMENT HOUSINGS

Specially designed or prepared separation
element housings, made of or protected by
materials resistant to corrosion by UFg, for
containing vortex tubes or separation noz-
zles.

EXPLANATORY NOTE: These housings may
be cylindrical vessels greater than 300 mm in
diameter and greater than 900 mm in length,
or may be rectangular vessels of comparable
dimensions, and may be designed for hori-
zontal or vertical installation.

5.5.7. FEED SYSTEMS/PRODUCT AND TAILS
WITHDRAWAL SYSTEMS

Specially designed or prepared process sys-
tems or equipment for enrichment plants
made of or protected by materials resistant
to corrosion by UFg, including:

(a) Feed autoclaves, ovens, or systems used
for passing UF¢ to the enrichment process;

(b) Desublimers (or cold traps) used to re-
move UF¢ from the enrichment process for
subsequent transfer upon heating;

(c) Solidification or liquefaction stations
used to remove UFy from the enrichment
process by compressing and converting UFs
to a liquid or solid form;

(d) “Product” or ‘‘tails’ stations used for
transferring UF, into containers.

5.5.8. HEADER PIPING SYSTEMS

Specially designed or prepared header pip-
ing systems, made of or protected by mate-
rials resistant to corrosion by UF¢, for han-
dling UFe within the aerodynamic cascades.
This piping network is normally of the
‘‘double’” header design with each stage or
group of stages connected to each of the
headers.

5.5.9. VACUUM SYSTEMS AND PUMPS

(a) Specially designed or prepared vacuum
systems having a suction capacity of 5 m3/
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min or more, consisting of vacuum mani-
folds, vacuum headers and vacuum pumps,
and designed for service in TUF¢-bearing
atmospheres;

(b) Vacuum pumps specially designed or
prepared for service in UF¢-bearing
atmospheres and made of or protected by
materials resistant to corrosion by UFs.
These pumps may use fluorocarbon seals and
special working fluids.

5.5.10. SPECIAL SHUT-OFF AND CONTROL VALVES

Specially designed or prepared manual or
automated shut-off and control bellows
valves made of or protected by materials re-
sistant to corrosion by UF¢ with a diameter
of 40 to 1500 mm for installation in main and
auxiliary systems of aerodynamic enrich-
ment plants.

5.5.11. UF¢ MASS SPECTROMETERS/ION SOURCES

Specially designed or prepared magnetic or
quadrupole mass spectrometers capable of
taking ‘‘on-line’’ samples of feed, ‘‘product”
or ‘‘tails,” from UF, gas streams and having
all of the following characteristics:

(a) Unit resolution for mass greater than
320;

(b) Ion sources constructed of or lined with
nichrome or monel or nickel plated;

(c) Electron bombardment ionization
sources;

(d) Collector system suitable for isotopic
analysis.

5.5.12. UF¢/CARRIER GAS SEPARATION SYSTEMS

Specially designed or prepared process sys-
tems for separating UF¢ from carrier gas (hy-
drogen or helium).

EXPLANATORY NOTE: These systems are de-
signed to reduce the UF¢ content in the car-
rier gas to 1 ppm or less and may incorporate
equipment such as:

(a) Cryogenic heat exchangers and
cryoseparators capable of temperatures of
—120 °C or less, or

(b) Cryogenic refrigeration units capable of
temperatures of —120 °C or less, or

(c) Separation nozzle or vortex tube units
for the separation of UFs from carrier gas, or

(d) UF¢ cold traps capable of temperatures
of —20 °C or less.

5.6. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS, EQUIPMENT AND COMPONENTS FOR USE
IN CHEMICAL EXCHANGE OR ION EXCHANGE EN-
RICHMENT PLANTS

INTRODUCTORY NOTE: The slight difference
in mass between the isotopes of uranium
causes small changes in chemical reaction
equilibria that can be used as a basis for sep-
aration of the isotopes. Two processes have
been successfully developed: Liquid-liquid
chemical exchange and solid-liquid ion ex-
change. In the liquid-liquid chemical ex-
change process, immiscible liquid phases
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(aqueous and organic) are countercurrently
contacted to give the cascading effect of
thousands of separation stages. The aqueous
phase consists of uranium chloride in hydro-
chloric acid solution; the organic phase con-
sists of an extractant containing uranium
chloride in an organic solvent. The
contactors employed in the separation cas-
cade can be liquid-liquid exchange columns
(such as pulsed columns with sieve plates) or
liquid centrifugal contactors. Chemical con-
versions (oxidation and reduction) are re-
quired at both ends of the separation cascade
in order to provide for the reflux require-
ments at each end. A major design concern is
to avoid contamination of the process
streams with certain metal ions. Plastic,
plastic-lined (including use of fluorocarbon
polymers) and/or glass-lined columns and
piping are therefore used. In the solid-liquid
ion-exchange process, enrichment is accom-
plished by uranium adsorption/desorption on
a special, very fast-acting, ion-exchange
resin or adsorbent. A solution of uranium in
hydrochloric acid and other chemical agents
is passed through cylindrical enrichment
columns containing packed beds of the ad-
sorbent. For a continuous process, a reflux
system is necessary to release the uranium
from the adsorbent back into the liquid flow
so that ‘“‘product” and ‘‘tails’ can be col-
lected. This is accomplished with the use of
suitable reduction/oxidation chemical agents
that are fully regenerated in separate exter-
nal circuits and that may be partially regen-
erated within the isotopic separation col-
umns themselves. The presence of hot con-
centrated hydrochloric acid solutions in the
process requires that the equipment be made
of or protected by special corrosion-resistant
materials.

5.6.1. LIQUID-LIQUID EXCHANGE COLUMNS
(CHEMICAL EXCHANGE)

Countercurrent liquid-liquid exchange col-
umns having mechanical power input (i.e.,
pulsed columns with sieve plates, recipro-
cating plate columns, and columns with in-
ternal turbine mixers), specially designed or
prepared for uranium enrichment using the
chemical exchange process. For corrosion re-
sistance to concentrated hydrochloric acid
solutions, these columns and their internals
are made of or protected by suitable plastic
materials (such as fluorocarbon polymers) or
glass. The stage residence time of the col-
umns is designed to be short (30 seconds or
less).

5.6.2. LIQUID-LIQUID CENTRIFUGAL CONTACTORS
(CHEMICAL EXCHANGE)

Liquid-liquid centrifugal contactors spe-
cially designed or prepared for uranium en-
richment using the chemical exchange proc-
ess. Such contactors use rotation to achieve
dispersion of the organic and aqueous
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streams and then centrifugal force to sepa-
rate the phases. For corrosion resistance to
concentrated hydrochloric acid solutions,
the contactors are made of or are lined with
suitable plastic materials (such as fluoro-
carbon polymers) or are lined with glass. The
stage residence time of the centrifugal
contactors is designed to be short (30 seconds
or less).

5.6.3. URANIUM REDUCTION SYSTEMS AND
EQUIPMENT (CHEMICAL EXCHANGE)

(a) Specially designed or prepared electro-
chemical reduction cells to reduce uranium
from one valence state to another for ura-
nium enrichment using the chemical ex-
change process. The cell materials in contact
with process solutions must be corrosion re-
sistant to concentrated hydrochloric acid so-
lutions.

EXPLANATORY NOTE: The cell cathodic com-
partment must be designed to prevent re-oxi-
dation of uranium to its higher wvalence
state. To keep the uranium in the cathodic
compartment, the cell may have an imper-
vious diaphragm membrane constructed of
special cation exchange material. The cath-
ode consists of a suitable solid conductor
such as graphite.

(b) Specially designed or prepared systems
at the product end of the cascade for taking
the U4+ out of the organic stream, adjusting
the acid concentration and feeding to the
electrochemical reduction cells.

EXPLANATORY NOTE: These systems consist
of solvent extraction equipment for stripping
the U4+ from the organic stream into an
aqueous solution, evaporation and/or other
equipment to accomplish solution pH adjust-
ment and control, and pumps or other trans-
fer devices for feeding to the electrochemical
reduction cells. A major design concern is to
avoid contamination of the aqueous stream
with certain metal ions. Consequently, for
those parts in contact with the process
stream, the system is constructed of equip-
ment made of or protected by suitable mate-
rials (such as glass, fluorocarbon polymers,
polyphenyl sulfate, polyether sulfone, and
resin-impregnated graphite).

5.6.4. FEED PREPARATION SYSTEMS (CHEMICAL
EXCHANGE)

Specially designed or prepared systems for
producing high-purity uranium chloride feed
solutions for chemical exchange uranium
isotope separation plants.

EXPLANATORY NOTE: These systems consist
of dissolution, solvent extraction and/or ion
exchange equipment for purification and
electrolytic cells for reducing the uranium
Ue+ or U4t to U3*. These systems produce
uranium chloride solutions having only a few
parts per million of metallic impurities such
as chromium, iron, vanadium, molybdenum
and other bivalent or higher multi-valent
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cations. Materials of construction for por-
tions of the system processing high-purity
U3+ include glass, fluorocarbon polymers,
polyphenyl sulfate or polyether sulfone plas-
tic-lined and resin-impregnated graphite.

5.6.5. URANIUM OXIDATION SYSTEMS (CHEMICAL
EXCHANGE)

Specially designed or prepared systems for
oxidation of U3+ to U4* for return to the
uranium isotope separation cascade in the
chemical exchange enrichment process.

EXPLANATORY NOTE: These systems may
incorporate equipment such as:

(a) Equipment for contacting chlorine and
oxygen with the aqueous effluent from the
isotope separation equipment and extracting
the resultant U4+ into the stripped organic
stream returning from the product end of the
cascade;

(b) Equipment that separates water from
hydrochloric acid so that the water and the
concentrated hydrochloric acid may be re-
introduced to the process at the proper loca-
tions.

5.6.6. FAST-REACTING ION EXCHANGE RESINS/
ADSORBENTS (ION EXCHANGE)

Fast-reacting ion-exchange resins or ad-
sorbents specially designed or prepared for
uranium enrichment using the ion exchange
process, including porous macroreticular res-
ins, and/or pellicular structures in which the
active chemical exchange groups are limited
to a coating on the surface of an inactive po-
rous support structure, and other composite
structures in any suitable form including
particles or fibers. These ion exchange res-
ins/adsorbents have diameters of 0.2 mm or
less and must be chemically resistant to con-
centrated hydrochloric acid solutions as well
as physically strong enough so as not to de-
grade in the exchange columns. The resins/
adsorbents are specially designed to achieve
very fast uranium isotope exchange Kkinetics
(exchange rate half-time of less than 10 sec-
onds) and are capable of operating at a tem-
perature in the range of 100 °C to 200 °C.

5.6.7. ION EXCHANGE COLUMNS (ION EXCHANGE)

Cylindrical columns greater than 1,000 mm
in diameter for containing and supporting
packed beds of ion exchange resin/adsorbent,
specially designed or prepared for uranium
enrichment using the ion exchange process.
These columns are made of or protected by
materials (such as titanium or fluorocarbon
plastics) resistant to corrosion by con-
centrated hydrochloric acid solutions and
are capable of operating at a temperature in
the range of 100 °C to 200 °C and pressures
above 0.7 MPa (102 psia).
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5.6.8. ION EXCHANGE REFLUX SYSTEMS (ION
EXCHANGE)

(a) Specially designed or prepared chemical
or electrochemical reduction systems for re-
generation of the chemical reducing agent(s)
used in ion exchange uranium enrichment
cascades.

(b) Specially designed or prepared chemical
or electrochemical oxidation systems for re-
generation of the chemical oxidizing agent(s)
used in ion exchange uranium enrichment
cascades.

EXPLANATORY NOTE: The ion exchange en-
richment process may use, for example, tri-
valent titanium (Ti3*) as a reducing cation
in which case the reduction system would re-
generate Ti3* by reducing Ti4*. The process
may use, for example, trivalent iron (Fe3+)
as an oxidant in which case the oxidation
system would regenerate Fe3+ by oxidizing
Fe2+.

5.7. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS, EQUIPMENT AND COMPONENTS FOR USE
IN LASER-BASED ENRICHMENT PLANTS

INTRODUCTORY NOTE: Present systems for
enrichment processes using lasers fall into
two categories: Those in which the process
medium is atomic uranium vapor and those
in which the process medium is the vapor of
a uranium compound. Common nomen-
clature for such processes include: First cat-
egory—atomic vapor laser isotope separation
(AVLIS or SILVA); second category—molec-
ular laser isotope separation (MLIS or
MOLIS) and chemical reaction by isotope se-
lective laser activation (CRISLA). The sys-
tems, equipment and components for laser
enrichment plants embrace:

(a) Devices to feed uranium-metal vapor
(for selective photo-ionization) or devices to
feed the vapor of a uranium compound (for
photo-dissociation or chemical activation);

(b) Devices to collect enriched and depleted
uranium metal as ‘“‘product’” and ‘‘tails’ in
the first category, and devices to collect dis-
sociated or reacted compounds as ‘‘product’
and unaffected material as ‘‘tails’’ in the sec-
ond category;

(c) Process laser systems to selectively ex-
cite the uranium-235 species; and

(d) Feed preparation and product conver-
sion equipment. The complexity of the spec-
troscopy of uranium atoms and compounds
may require incorporation of any of a num-
ber of available laser technologies.

EXPLANATORY NOTE: Many of the items
listed in section 5.7 of this supplement come
into direct contact with uranium metal
vapor or liquid or with process gas consisting
of UFs or a mixture of UF¢ and other gases.
All surfaces that come into contact with the
uranium or UFg are wholly made of or pro-
tected by corrosion-resistant materials. For
the purposes of the provisions in section 5.7
of this supplement that relate to laser-based
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enrichment items, the materials resistant to
corrosion by the vapor or liquid of uranium
metal or uranium alloys include yttria-coat-
ed graphite and tantalum; and the materials
resistant to corrosion by UF¢ include copper,
stainless steel, aluminum, aluminum alloys,
nickel or alloys containing 60% or more
nickel and UFg-resistant fully fluorinated
hydrocarbon polymers.

5.7.1. URANIUM VAPORIZATION SYSTEMS
(AVLIS)

Specially designed or prepared uranium va-
porization systems which contain high-power
strip or scanning electron beam guns with a
delivered power on the target of more than
2.5 kW/cm.

5.7.2. LIQUID URANIUM METAL HANDLING
SYSTEMS (AVLIS)

Specially designed or prepared liquid metal
handling systems for molten uranium or ura-
nium alloys, consisting of crucibles and cool-
ing equipment for the crucibles.

EXPLANATORY NOTE: The crucibles and
other parts of this system that come into
contact with molten uranium or uranium al-
loys are made of or protected by materials of
suitable corrosion and heat resistance. Suit-
able materials include tantalum, yttria-
coated graphite, graphite coated with other
rare earth oxides or mixtures thereof.

5.7.3. URANIUM METAL ‘PRODUCT’ AND ‘TAILS’
COLLECTOR ASSEMBLIES (AVLIS)

Specially designed or prepared ‘‘product’
and ‘‘tails’ collector assemblies for uranium
metal in liquid or solid form.

EXPLANATORY NOTE: Components for these
assemblies are made of or protected by mate-
rials resistant to the heat and corrosion of
uranium metal vapor or liquid (such as
yttria-coated graphite or tantalum) and may
include pipes, valves, fittings, ‘‘gutters,”
feed-throughs, heat exchangers and collector
plates for magnetic, electrostatic or other
separation methods.

5.7.4. SEPARATOR MODULE HOUSINGS (AVLIS)

Specially designed or prepared cylindrical
or rectangular vessels for containing the
uranium metal vapor source, the electron
beam gun, and the ‘‘product’” and ‘‘tails”
collectors.

EXPLANATORY NOTE: These housings have
multiplicity of ports for electrical and water
feed-throughs, laser beam windows, vacuum
pump connections and instrumentation
diagnostics and monitoring. They have pro-
visions for opening and closure to allow re-
furbishment of internal components.

5.7.5. SUPERSONIC EXPANSION NOZZLES (MLIS)

Specially designed or prepared supersonic
expansion nozzles for cooling mixtures of
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UF¢ and carrier gas to 150 K or less and
which are corrosion resistant to UFs.

5.7.6. URANIUM PENTAFLUORIDE PRODUCT
COLLECTORS (MLIS)

Specially designed or prepared uranium
pentafluoride (UFs) solid product collectors
consisting of filter, impact, or cyclone-type
collectors, or combinations thereof, and
which are corrosion resistant to the UFs/UF¢
environment.

5.7.7. UF¢/CARRIER GAS COMPRESSORS (MLIS)

Specially designed or prepared compressors
for UF¢/carrier gas mixtures, designed for
long term operation in a UFe environment.
The components of these compressors that
come into contact with process gas are made
of or protected by materials resistant to cor-
rosion by UF.

5.7.8. ROTARY SHAFT SEALS (MLIS)

Specially designed or prepared rotary shaft
seals, with seal feed and seal exhaust connec-
tions, for sealing the shaft connecting the
compressor rotor with the driver motor so as
to ensure a reliable seal against out-leakage
of process gas or in-leakage of air or seal gas
into the inner chamber of the compressor
which is filled with a UF¢/carrier gas mix-
ture.

5.7.9. FLUORINATION SYSTEMS (MLIS)

Specially designed or prepared systems for
fluorinating UF's (solid) to UFg (gas).

EXPLANATORY NOTE: These systems are de-
signed to fluorinate the collected UFs powder
to UF¢ for subsequent collection in product
containers or for transfer as feed to MLIS
units for additional enrichment. In one ap-
proach, the fluorination reaction may be ac-
complished within the isotope separation
system to react and recover directly off the
“product’” collectors. In another approach,
the UFs powder may be removed/transferred
from the ‘“‘product’ collectors into a suitable
reaction vessel (e.g., fluidized-bed reactor,
screw reactor or flame tower) for
fluorination. In both approaches, equipment
for storage and transfer of fluorine (or other
suitable fluorinating agents) and for collec-
tion and transfer of UF¢ are used.

5.7.10. UF¢ MASS SPECTROMETERS/ION SOURCES
(MLIS)

Specially designed or prepared magnetic or
quadrupole mass spectrometers capable of
taking ‘‘on-line’’ samples of feed, ‘‘product,”
or ‘“‘tails” from UFs gas streams and having
all of the following characteristics:

(a) Unit resolution for mass greater than
320;

(b) Ion sources constructed of or lined with
nichrome or monel or nickel plated;

(¢) Electron bombardment ionization
sources; and
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(d) Collector system suitable for isotopic
analysis.

5.7.11. FEED SYSTEMS/PRODUCT AND TAILS
WITHDRAWAL SYSTEMS (MLIS)

Specially designed or prepared process sys-
tems or equipment for enrichment plants
made of or protected by materials resistant
to corrosion by UFs, including:

(a) Feed autoclaves, ovens, or systems used
for passing UF, to the enrichment process;

(b) Desublimers (or cold traps) used to re-
move UF¢ from the enrichment process for
subsequent transfer upon heating;

(c) Solidification or liquefaction stations
used to remove UFy from the enrichment
process by compressing and converting UFg
to a liquid or solid form;

(d) “Product” or ‘‘tails” stations used for
transferring UF¢ into containers.

5.7.12. UF¢/CARRIER GAS SEPARATION SYSTEMS
(MLIS)

Specially designed or prepared process sys-
tems for separating UF¢ from carrier gas.
The carrier gas may be nitrogen, argon, or
other gas.

EXPLANATORY NOTE: These systems may
incorporate equipment such as:

(a) Cryogenic heat exchangers or
cryoseparators capable of temperatures of
—120 °C or less, or

(b) Cryogenic refrigeration units capable of
temperatures of —120 °C or less, or

(c) UF¢ cold traps capable of temperatures
of —20 °C or less.

5.7.13. LASER SYSTEMS (AVLIS, MLIS AND
CRISLA)

Lasers or laser systems specially designed
or prepared for the separation of uranium
isotopes.

EXPLANATORY NOTE: The laser system for
the AVLIS process usually consists of two
lasers: A copper vapor laser and a dye laser.
The laser system for MLIS usually consists
of a CO, or excimer laser and a multi-pass
optical cell with revolving mirrors at both
ends. Lasers or laser systems for both proc-
esses require a spectrum frequency stabilizer
for operation over extended periods of time.

5.8. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS, EQUIPMENT AND COMPONENTS FOR USE
IN PLASMA SEPARATION ENRICHMENT
PLANTS

INTRODUCTORY NOTE: In the plasma separa-
tion process, a plasma of uranium ions
passes through an electric field tuned to the
U-235 ion resonance frequency so that they
preferentially absorb energy and increase the
diameter of their corkscrew-like orbits. Ions
with a large-diameter path are trapped to
produce a product enriched in U-235. The
plasma, which is made by ionizing uranium
vapor, is contained in a vacuum chamber
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with a high-strength magnetic field produced
by a superconducting magnet. The main
technological systems of the process include
the uranium plasma generation system, the
separator module with superconducting mag-
net and metal removal systems for the col-
lection of ‘“‘product’ and ‘‘tails.”

5.8.1. MICROWAVE POWER SOURCES AND
ANTENNAE

Specially designed or prepared microwave
power sources and antennae for producing or
accelerating ions and having the following
characteristics: Greater than 30 GHz fre-
quency and greater than 50 KW mean power
output for ion production.

5.8.2. JON EXCITATION COILS

Specially designed or prepared radio fre-
quency ion excitation coils for frequencies of
more than 100 kHz and capable of handling
more than 40 KW mean power.

5.8.3. URANIUM PLASMA GENERATION SYSTEMS

Specially designed or prepared systems for
the generation of uranium plasma, which
may contain high-power strip or scanning
electron beam guns with a delivered power
on the target of more than 2.5 kW/cm.

5.8.4. LIQUID URANIUM METAL HANDLING
SYSTEMS

Specially designed or prepared liquid metal
handling systems for molten uranium or ura-
nium alloys, consisting of crucibles and cool-
ing equipment for the crucibles, power sup-
ply system, the ion source high-voltage
power supply system, the vacuum system,
and extensive chemical handling systems for
recovery of product and cleaning/recycling of
components.

5.9.1. ELECTROMAGNETIC ISOTOPE SEPARATORS

Electromagnetic isotope separators spe-
cially designed or prepared for the separa-
tion of uranium isotopes, and equipment and
components therefor, including:

(a) Ion sources: Specially designed or pre-
pared single or multiple uranium ion sources
consisting of a vapor source, ionizer, and
beam accelerator, constructed of suitable
materials such as graphite, stainless steel, or
copper, and capable of providing a total ion
beam current of 50 mA or greater;

(b) Ion collectors: Collector plates con-
sisting of two or more slits and pockets spe-
cially designed or prepared for collection of
enriched and depleted uranium ion beams
and constructed of suitable materials such as
graphite or stainless steel;

(c) Vacuum housings: Specially designed or
prepared vacuum housings for uranium elec-
tromagnetic separators, constructed of suit-
able non-magnetic materials such as stain-
less steel and designed for operation at pres-
sures of 0.1 Pa or lower;
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EXPLANATORY NOTE: The housings are spe-
cially designed to contain the ion sources,
collector plates and water-cooled liners and
have provision for diffusion pump connec-
tions and opening and closure for removal
and reinstallation of these components.

(d) Magnet pole pieces: Specially designed or
prepared magnet pole pieces having a diame-
ter greater than 2 m used to maintain a con-
stant magnetic field within an electro-
magnetic isotope separator and to transfer
the magnetic field between adjoining separa-
tors.

5.9.2. HIGH VOLTAGE POWER SUPPLIES

Specially designed or prepared high-volt-
age power supplies for ion sources, having all
of the following characteristics: capable of
continuous operation, output voltage of
20,000 V or greater, output current of 1 A or
greater, and voltage regulation of better
than 0.01% over a time period of 8 hours.

5.9.3. MAGNET POWER SUPPLIES

Specially designed or prepared high-power,
direct current magnet power supplies having
all of the following characteristics: capable
of continuously producing a current output
of 500 A or greater at a voltage of 100 V or
greater and with a current or voltage regula-
tion better than 0.01% over a period of 8
hours.

6. PLANTS FOR THE PRODUCTION OF HEAVY
WATER, DEUTERIUM AND DEUTERIUM COM-
POUNDS AND EQUIPMENT SPECIALLY DESIGNED
OR PREPARED THEREFOR

INTRODUCTORY NOTE: Heavy water can be
produced by a variety of processes. However,
the two processes that have proven to be
commercially viable are the water-hydrogen
sulphide exchange process (GS process) and
the ammonia-hydrogen exchange process.
The GS process is based upon the exchange
of hydrogen and deuterium between water
and hydrogen sulphide within a series of tow-
ers which are operated with the top section
cold and the bottom section hot. Water flows
down the towers while the hydrogen sulphide
gas circulates from the bottom to the top of
the towers. A series of perforated trays are
used to promote mixing between the gas and
the water. Deuterium migrates to the water
at low temperatures and to the hydrogen
sulphide at high temperatures. Gas or water,
enriched in deuterium, is removed from the
first stage towers at the junction of the hot
and cold sections and the process is repeated
in subsequent stage towers. The product of
the last stage, water enriched up to 30% in
deuterium, is sent to a distillation unit to
produce reactor grade heavy water, i.e.,
99.75% deuterium oxide. The ammonia-hy-
drogen exchange process can extract deute-
rium from synthesis gas through contact
with liquid ammonia in the presence of a
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catalyst. The synthesis gas is fed into ex-
change towers and to an ammonia converter.
Inside the towers the gas flows from the bot-
tom to the top while the liquid ammonia
flows from the top to the bottom. The deute-
rium is stripped from the hydrogen in the
synthesis gas and concentrated in the ammo-
nia. The ammonia then flows into an ammo-
nia cracker at the bottom of the tower while
the gas flows into an ammonia converter at
the top. Further enrichment takes place in
subsequent stages and reactor grade heavy
water is produced through final distillation.
The synthesis gas feed can be provided by an
ammonia plant that, in turn, can be con-
structed in association with a heavy water
ammonia-hydrogen exchange plant. The am-
monia-hydrogen exchange process can also
use ordinary water as a feed source of deute-
rium.

Many of the key equipment items for
heavy water production plants using GS or
the ammonia-hydrogen exchange processes
are common to several segments of the
chemical and petroleum industries. This is
particularly so for small plants using the GS
process. However, few of the items are avail-
able ‘‘off-the-shelf.” The GS and ammonia-
hydrogen processes require the handling of
large quantities of flammable, corrosive and
toxic fluids at elevated pressures. Accord-
ingly, in establishing the design and oper-
ating standards for plants and equipment
using these processes, careful attention to
the materials selection and specifications is
required to ensure long service life with high
safety and reliability factors. The choice of
scale is primarily a function of economics
and need. Thus, most of the equipment items
would be prepared according to the require-
ments of the customer. Finally, it should be
noted that, in both the GS and the ammonia-
hydrogen exchange processes, items of equip-
ment which individually are not specially
designed or prepared for heavy water produc-
tion can be assembled into systems which
are specially designed or prepared for pro-
ducing heavy water. The catalyst production
system used in the ammonia-hydrogen ex-
change process and water distillation sys-
tems used for the final concentration of
heavy water to reactor-grade in either proc-
ess are examples of such systems. The items
of equipment which are specially designed or
prepared for the production of heavy water
utilizing either the water-hydrogen sulphide
exchange process or the ammonia-hydrogen
exchange process include the following:

6.1. WATER-HYDROGEN SULPHIDE EXCHANGE
TOWERS

Exchange towers fabricated from fine car-
bon steel (such as ASTM Ab516) with diame-
ters of 6 m (20 ft) to 9 m (30 ft), capable of op-
erating at pressures greater than or equal to
2 MPa (300 psi) and with a corrosion allow-
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ance of 6 mm or greater, specially designed
or prepared for heavy water production uti-
lizing the water-hydrogen sulphide exchange
process.

6.2. BLOWERS AND COMPRESSORS

Single stage, low head (i.e., 0.2 MPa or 30
psi) centrifugal blowers or compressors for
hydrogen-sulphide gas circulation (i.e., gas
containing more than 70% H,S) specially de-
signed or prepared for heavy water produc-
tion utilizing the water-hydrogen sulphide
exchange process. These blowers or compres-
sors have a throughput capacity greater
than or equal to 56 m3/second (120,000 SCFM)
while operating at pressures greater than or
equal to 1.8 MPa (260 psi) suction and have
seals designed for wet H,S service.

6.3. AMMONIA-HYDROGEN EXCHANGE TOWERS

Ammonia-hydrogen exchange towers great-
er than or equal to 35 m (114.3 ft) in height
with diameters of 1.5 m (4.9 ft) to 2.5 m (8.2
ft) capable of operating at pressures greater
than 15 MPa (2225 psi) specially designed or
prepared for heavy water production uti-
lizing the ammonia-hydrogen exchange proc-
ess. These towers also have at least one
flanged axial opening of the same diameter
as the cylindrical part through which the
tower internals can be inserted or with-
drawn.

6.4. TOWER INTERNALS AND STAGE PUMPS

Tower internals and stage pumps specially
designed or prepared for towers for heavy
water production utilizing the ammonia-hy-
drogen exchange process. Tower internals in-
clude specially designed stage contactors
which promote intimate gas/liquid contact.
Stage pumps include specially designed sub-
mersible pumps for circulation of liquid am-
monia within a contacting stage internal to
the stage towers.

6.5. AMMONIA CRACKERS

Ammonia crackers with operating pres-
sures greater than or equal to 3 MPa (450 psi)
specially designed or prepared for heavy
water production utilizing the ammonia-hy-
drogen exchange process.

6.6. INFRARED ABSORPTION ANALYZERS

Infrared absorption analyzers capable of
‘“‘on-line”” hydrogen/deuterium ratio analysis
where deuterium concentrations are equal to
or greater than 90%.

6.7. CATALYTIC BURNERS

Catalytic burners for the conversion of en-
riched deuterium gas into heavy water spe-
cially designed or prepared for heavy water
production utilizing the ammonia-hydrogen
exchange process.

937



Pt. 784

7. PLANTS FOR THE CONVERSION OF URANIUM
AND EQUIPMENT SPECIALLY DESIGNED OR
PREPARED THEREFOR

INTRODUCTORY NOTE: Uranium conversion
plants and systems may perform one or more
transformations from one uranium chemical
species to another, including: conversion of
uranium ore concentrates to UOs, conversion
of UO; to UO,, conversion of uranium oxides
to UF, or UF, conversion of UF, to UF¢, con-
version of UF¢ to UF4, conversion of UF,4 to
uranium metal, and conversion of uranium
fluorides to UO,. Many of the key equipment
items for uranium conversion plants are
common to several segments of the chemical
process industry. For example, the types of
equipment employed in these processes may
include: Furnaces, rotary kilns, fluidized bed
reactors, flame tower reactors, liquid cen-
trifuges, distillation columns and liquid-lig-
uid extraction columns. However, few of the
items are available ‘‘off-the-shelf;”” most
would be prepared according to the require-
ments and specifications of the customer. In
some instances, special design and construc-
tion considerations are required to address
the corrosive properties of some of the
chemicals handled (HF, F,, ClF;, and ura-
nium fluorides). Finally, it should be noted
that, in all of the uranium conversion proc-
esses, items of equipment which individually
are not specially designed or prepared for
uranium conversion can be assembled into
systems which are specially designed or pre-
pared for use in uranium conversion.

7.1. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS FOR THE CONVERSION OF URANIUM ORE
CONCENTRATES TO UO3

EXPLANATORY NOTE: Conversion of ura-
nium ore concentrates to UO; can be per-
formed by first dissolving the ore in nitric
acid and extracting purified uranyl nitrate
using a solvent such as tributyl phosphate.
Next, the uranyl nitrate is converted to UO;3
either by concentration and denitration or
by neutralization with gaseous ammonia to
produce ammonium diuranate with subse-
quent filtering, drying, and calcining.

7.2. SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UO; TO UFs

EXPLANATORY NOTE: Conversion of UOs to
UF¢ can be performed directly by
fluorination. The process requires a source of
fluorine gas or chlorine trifluoride.

7.3. SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UO; TO UO,

EXPLANATORY NOTE: Conversion of UOs to
UO, can be performed through reduction of
UO; with cracked ammonia gas or hydrogen.

15 CFR Ch. VII (1-1-13 Edition)

7.4. SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UO, TO UF,

EXPLANATORY NOTE: Conversion of UO, to
UF, can be performed by reacting UO, with
hydrogen fluoride gas (HF) at 300-500 °C.

7.5. SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UF, TO UF¢

EXPLANATORY NOTE: Conversion of UF4 to
UF¢ is performed by exothermic reaction
with fluorine in a tower reactor. UF¢ is con-
densed from the hot effluent gases by passing
the effluent stream through a cold trap
cooled to —10 °C. The process requires a
source of fluorine gas.

7.6. SPECIALLY DESIGNED OR PREPARED SYS-
TEMS FOR THE CONVERSION OF UF4; TOo U
METAL

EXPLANATORY NOTE: Conversion of UF4 to
U metal is performed by reduction with mag-
nesium (large batches) or calcium (small
batches). The reaction is carried out at tem-
peratures above the melting point of ura-
nium (1130 °C).

7.7. SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UF¢ TO UO,

EXPLANATORY NOTE: Conversion of UFs to
UO, can be performed by one of three proc-
esses. In the first, UFg¢ is reduced and
hydrolyzed to UO, using hydrogen and
steam. In the second, UF¢ is hydrolyzed by
solution in water, ammonia is added to pre-
cipitate ammonium diuranate, and the
diuranate is reduced to UO, with hydrogen at
820 °C. In the third process, gaseous UFg, CO,,
and NH; are combined in water, precipitating
ammonium uranyl carbonate. The ammo-
nium uranyl carbonate is combined with
steam and hydrogen at 500-600 °C to yield
UO,. UF¢ to UO, conversion is often per-
formed as the first stage of a fuel fabrication
plant.

7.8 SPECIALLY DESIGNED OR PREPARED
SYSTEMS FOR THE CONVERSION OF UFs TO UF,

EXPLANATORY NOTE: Conversion of UFg to
UF, is performed by reduction with hydro-
gen.

PART 784—COMPLEMENTARY
ACCESS

Sec.

784.1 Complementary access: General infor-
mation on the purpose of complementary
access, affected locations, and the role of
BIS.

784.2 Obtaining consent or warrants to con-
duct complementary access.

784.3 Scope and conduct of complementary
access.
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