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June 8, 2001

MEMORANDUM TO: Carol Hamilton
Starmet CMI, Inc
365 Metal Drive
Bamweli, SC 29812

FROM: Sheryl Burrows
U.S. Nuclear Regulatory Commission
MS T9F31
Washington, DC 20655

SUBJECT: Request for final copy of report used as a reference in NUREG-1717

Ms. Hamilton,

Per our telephone conversation, I am requesting a final copy of the report titled, Repair and
Refurbishment of Aircraft Counterweights, which was prepared by your company for the
Department of the Air Force, Robins Air Force Base. The reason for this request is that it is a
reference used in a draft NUREG-1 717. t Systematc Radiological Assessment of Exemptions for
Source and Byproduct Material{. and therefore the Nuclear Regulatory Commission is required
to make it pubrically available on our website when the NUREG is published. We anticipate a
June 2001 publication date.

As we discussed, we win not use the draft version which contains pricing information that you do
not wish to make available to the public. I would appreciate a clean copy of the final report with
any sensitive or proprietary information blacked out If you have any questions, I can be
reached at (301) 415-6086.

Again, thank you for your help and responsiveness.

Respectfully.

Sheryl A Burrows
Office of Nuclear Regulatory Research, RES
U.S. Nuclear Regulatory Commission
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1.0 Introduction

The C-141 aircraft located at Robins Air Force Base (RAFB) contain depleted
uranium (DU) counterweights located in the elevator and aileron sections of the flight
control surfaces. Through 20-30 years of operation, the depleted uranium
counterweights have become severely corroded and have contaminated the interior
surfaces of these wing sections with radioactive material. The radioactive
contamination is in the form of depleted uranium oxide. Periodically, maintenance is
required on the elevator sections and, therefore, maintenance personnel are required to
open sections of the wing. When these sections of the wing are opened, maintenance
personnel are exposed to the radioactive contamination and the potential exists to
spread this contamination to the surrounding areas. This creates a health and safety
concern to the workforce as well as a contamination control concern for the owners of
the facilities. Decontamination of buildings and equipment can create a costly
problem for the owners.

The commercial airlines typically refurbish their counterweights every 3-4 years.
Counterweight refurbishment is a standard practice due to the health and safety, and
contamination concerns mentioned above. Routine refurbishment also allows the
repairman to inspect the integrity of the weight. In addition, the refurbishment
process produces a superior product. The coatings that are applied restrict future
corrosion of the uranium and help maintain the specified weight. In addition to these
advantages, the practice of refurbishing the uranium counterweights is consistent with
FAA requirements.

In order to minimize costs, minimize radiation exposure to their workforce, and avoid
the spread of radioactive material in their maintenance areas, most airlines have
contracted outside vendors to perform the uranium counterweight refurbishment.
Starmet is currently refurbishing counterweights for many of the commercial airlines.

The Department of the Air Force contracted Starmet to refurbish depleted uranium
counterweights on several flight control surfaces and provide a detailed report
summarizing the work performed and associated pricing. The aileron and elevator
sections of the aircraft were shipped intact to Starmet's facility in Barnwell, SC for
refurbishment. Since Starmet is licensed to handle radioactive material, all of the
required controls are in-place and the work is controlled to ensure personnel exposure
is minimized and the depleted uranium oxide is removed from the wing sections,
collected, stabilized, and shipped to an approved disposal facility. The primary goal
of this work is to control the spread of contamination, minimize exposure to RAFB
maintenance personnel, properly handle the disposition of the depleted uranium oxide
contamination, and refurbish the counterweights to prevent future problems.

Starmet CMI successfully performed the refurbishment of the aileron and elevator
sections as well as the depleted uranium counterweights. This technical report
summarizes the steps performed during the refurbishment work and provides a
detailed cost report.
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2.0 Scope of Work

The scope of work is to provide cost and delivery information to disassemble, repair and
reassemble counterweights onflight control surfaces 9aileronelevators). In
addition, cost data, including estimated cost to repair each remaining C-141 aircraft, is
required. This work is in response to RFP number F09603-97-R-30031 from the
Department of the Air Force WRALC/LJK.

Additional requirements written in the inquiry are listed below. This list includes the
referenced section of the inquiry and specific requirements of the Statement of
Objectives:

Section 1.3) Background

Some depleted uranium counterweights have excessive corrosion problems that would
pose potential-health concerns with maintenance personnel working with and around the
contaminated weights.

Section 1.4) Purpose

To develop and document the process of refurbishing the depleted uranium
counterweights located on the aileron and elevator flight control surfaces. This task will
provide WR-ALC/LJ with complete sets of refurbished depleted uranium
counterweights to serve as prototype exhibits. This will restore the counterweights to
their original condition and prevent potential health hazards from arising. The prototype
exhibits will establish the standard for future depleted uranium counterweight rework.

Section 3.1.b) Requirements

Repair depleted uranium counterweights as required to comply with drawings listed in
paragraph 2.0 and with EPA requirements.
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Section 3.1.c) Requirements

Install refurbished depleted uranium counterweights on control surface in
accordance with I.O. 1C-141B-4-2. The maximum number of depleted
uranium strip balance weights_ per shipment) shall be installed on
elevator control surface regardless of the number installed when delivered
to contractor's facility.

Section 3.3) Requirements

The contractor shall estimate the cost required to repair the depleted
uranium counterweights for each remaining C-141 aircraft and provide a
cost analysis.

Section 3.4) Requirements

The contractor shall document all efforts performed in paragraphs 3.1/3.2
and provide to the government a technical report detailing all procedures.
The contractor data requirement list shall include as part of the technical
report two subtitles (1) Condition Assessment and (2) Cost Analysis Report.
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3.0 Condition Assessment

This technical report summarizes the steps performed during refurbishment of the depleted
uranium counterweights located on the aileron and elevator flight control surfaces of the C-141
aircraft. A detailed description of the tasks performed is provided in the following subsections:

3.1 Project Planning

3.2 Unpacking

3.3 Disassembly

3.4 Counterweight Refurbishment

3.5 Re-assembly

_NN elevator and _f aileron flight control surfaces were shipped to Starmet CMI and
successfully refurbished. A detailed schedule was not developed due to unknown conditions of
the flight control surfaces. However, using the data gathered during this demonstration, a detailed
schedule was developed for refurbishment of future flight control sets.

All work at Starmet CMI is performed under South Carolina Radioactive Materials License No.
322 and in accordance with applicable regulations, procedures and work instructions.

3.1 Project Planning

A contract to perform the scope of work listed in Section 2.0 was received on l997.
Following contract award, Starmet personnel began reviewing the project requr nts and
developing detailed questions to be addressed during the Robins Air Force Base visit.

On 4SU Starmet personnel traveled to RAFB and met with Robins Air Force Base
personnel. During the visit, the flight control surfaces were inspected and the Balance Technician
was questioned about specific removal and assembly operations. Information collected during the
site visit was used to develop a list of required tools and supplies. These tools and supplies were
procured once Starmet personnel returned from the site visit.

3.2 Unpacking

Them elevator flight control surfaces were shipped to Starmet CMI via a commercial freight
carrier. The shipment was received onl997. Starmet had difficulty removing the
crates from the trailer. In the future, if commercial freight carriers are used, a maximum o1
*crates should be carried on a single trailer. Once offloaded from the trailer, the crates were
moved inside the Starmet CMI facility and staged for inspection and unloading.
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The _ aileron flight control surfaces were shipped to Starmet CMI on a lowboy
trailer. The shipment arrived on_ 1997. The crates were moved inside the
Starmet CMI facility and staged for inspection and unloading. This shipment also
presented a problem in offloading because the lowboy trailer was not compatible
with the receiving dock. It is recommended that lowboy trailers not be used in the
future and on4 _ crates should be placed in each enclosed transport trailer.

Prior to removing the flight control surfaces, four (4) wheel dollies are placed under
each crate to enable the boxes to be easily moved while inside Starmet CMI's
facility. The crates are then positioned under a hoist for unloading. The hoist was
specifically designed with a spreader lifting bar to enable the flight control surfaces
to be removed without damaging the units. The bolts/nails are removed from the top
lid and side panel of each crate. The crane is then used to remove the lid from the
crate. Once the lid is removed, the flight control unit is strapped to the lifting bar and
removed from the crate using the crane. While suspended, the crate is rolled away
and a worktable is rolled under the flight control unit. The flight control unit is then
lowered onto the worktable and the hoist is disconnected. Any other parts located in
the crates are also removed and placed on the worktable.

The worktable is then transported to the disassembly area and an inspection is
performed to document any unusual conditions, note any damaged parts, and make a
list of missing parts. The table, flight control unit and any other parts are labeled
with the same unique identification number. The identification number will facilitate
tracking during the refurbishment process. The flight control surfaces are now ready
for disassembly.

It was noted that one of the flight control surfaces was damaged prior to arrival at
Starmet CMI. Metal was disfigured and some of the paint was scraped from the
exterior surfaces. The damage is shown on photographs provided as Figure 1 and
Figure 2. The damage to the flight control surfaces was probably due to uncontrolled
movement of the flight control surfaces while inside the crate. If so, this can be
prevented in the future by properly securing the item inside the crate.

3.3 Disassembly

Depleted uranium counterweights are removed from the flight control surfaces by
removing the bolts and/or screws. Some counterweights are located inside covers.
For these counterweights, the covers must first be removed. Broken or sheared bolts/
screws are removed from the counterweight or housing by being drilled out or
pressed out. Care is taken when removing the counterweights to prevent the spread
of depleted uranium oxide contamination. Photographs of the counterweights
following removal from the levator sections of the flight control surfaces
are provided as Figure 3, Figure 4, Figure 5, and Figure 6.
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Following removal of all counterweights, the surfaces of the flight control unit are vacuumed to
remove any loose depleted uranium oxide. Following removal of loose oxide, the covers, inside
bays and other accessible surfaces are wiped down to decontaminate the flight control surfaces.
The accessible surfaces are decontaminated to the release limits for unrestricted use as specified in
Regulatory Guide 1.86. Since the contamination levels cannot be monitored in the inaccessible
areas, Starmet CMI cannot ensure that these areas meet free-release criteria for unrestricted use.
Figure 7 shows the cover of one of the elevator sections prior to being removed. Figure 8 shows
the amount and extent of depleted uranium oxide contamination in each elevator following
counterweight removal.

The following discrepancies were noted on the received flight control surfaces:

1. The TO C-141B-4-2 indicates one (1) of P/N 3T53066-105 per assembly. Three
(3) were found as indicated in the diagram. In addition, the diagram incorrectly
shows the positions of P/N 3T53066-105 and 3T53066-101.

2. The TO C-141B-4-2 indicates two (2) of P/N 3T53070-103 per assembly. Three
(3) were found as indicated in the diagram.

3. The TO IC-141B-4-2 does not indicate inboard strip balance weights in bay eight
(8) of the elevator. Three (3) were found per assembly with P/N 3T53067-101. One
(1) inboard strip balance weight was damaged.

4. Five (5) defective counterweights were found with P/N 3T53066-107.

5. Two (2) counterweights were missing.

Items I and 2 must be addressed by RAFB. The TO C-141B-4-2 should be modified by RAFB to
reflect the actual number of counterweights. In addition, the diagram for Item 1 should be
modified to reflect the correct position of P/N 3T53066-105 and 3T53066-101.

Item 3 requires modification of the TO C-141B-4-2 and fabrication of a new counterweight to
replace the damaged strip balance weight. The TO C-141B4-2 should be modified by RAFB to
reflect the inboard strip balance weights. Starmet replaced the damaged inboard strip balance
weight with a new counterweight. Starmet manufactured one (1) inboard strip weight as needed for
bay eight (8) using recycled depleted uranium.

For Item 4, Starmet repaired the defective counterweights. In addition to the defective
counterweights, Starmet could not place a chamfer in the base of the counter bore of the inboard
counterweight on one (1) of the five (5) defective counterweights, P/N 3T53066-107. Starmet
submitted a deviation/waver from the specifications for RAFB approval. Following fabrication, the
counterweight was inspected, assigned a unique tracking number and sent for refurbishment in
accordance with Section 3.4.



As indicated in Item 5, two (2) inboard counterweights were missing from CMI 1 or
elevator number 1560.00.128.9001, counterweight part numbers 3T53070-101 and
3T53064-101. Starmet replaced the missing pieces by manufacturing new
counterweights using drawings provided by RAFB. The new counterweights were
inspected, assigned a unique tracking number, and sent for refurbishment in accordance
with Section 3.4. Starmet then fabricated the outboard strip weights as required by the
Sow.

One of the interior counterweights was previously incorrectly installed by RAFB.
Figure 9 provides a photograph of two (2) screws that were installed to connect the
counterweight. Apparently, the weight was turned over and did not properly fit the
original bolt hole locations. Therefore, RAFB personnel increased the bolt hole sizes
and installed the counterweight upside down. Washers were used to cover the enlarged
bolt hole locations. Following refurbishment, Starmet installed the counterweight in the
correct position with washers. Starmet could not repair the enlarged bolt hole openings.
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Figure 1, Metal Disfigured During Transport
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Figure 2, Paint Damaged During Transport
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Figure 3, Counterweights Removed From Elevator
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Figure 4, Counterweights Removed From Elevators
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Figure 5, Counterweights Removed From Elevator
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Figure 6, Counterweights Removed From ElevatorO
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Figure 7, Elevator Cover Being Removed

Figure 8, View of Elevator Interior
Following Cover Removal
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3.4 Counterweight Refurbishment

Once the depleted uranium counterweights are removed from the flight control
surfaces, they are ready to be refurbished. The first step in the refurbishment
process is to remove any oxides or coatings from the counterweights. This is done
by abrasive decontamination in a hooded and vented area followed by an acid
etching process. Once the counterweights are clean, they are plated with a
protective metallic layer. The counterweights are loaded into plating solutions and
nickel and cadmium coatings are applied. Following the plating steps, the
counterweights are flashed with chromate. Surface imperfections on the
counterweights are then fared and detailed to create a smooth surface. The
counterweights are then primed and painted. The final step is to label each
counterweight with a unique identification number. Photographs showing the
counterweights during installation are provided as Figures 10 through 13.

Following refurbishment, the counterweights undergo a series of inspections to
ensure the counterweights meet the quality requirements. Dimensional, weight
and surface quality are checked against the requirements to ensure compliance
with the specifications. For this demonstration, all counterweights met the weight,
surface quality, and dimensional specifications.

Starmet CMI performed the counterweight refurbishment in accordance with
internal procedure numbeiin Carolina Metals, Inc., Aircraft Ballast
Plating Process Operating Manual. Starmet CMI is licensed by the Federal
Aviation Administration (FAA) to perform refurbishment of depleted uranium and
tungsten aircraft counterweights, License No. M61R928J.

3.5 Re-assembly

The exterior and strip weights are installed and secured for shipping purposes.
RAFB personnel shall re-inspect and verify proper installation prior to reuse.
Photographs are provided which show the condition of the counterweights during
installation.

Once the depleted uranium counterweights are installed, the flight control surfaces
are loaded into the transportation crates. The flight control surfaces are secured in
the crate, the side panel and top lid of the crate are replaced and secured. The
crate is ready for return shipment to RAFB.
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Figure 9, Modified Bolt Hole Locations

Figure 10, Re-Assembly of Counterweights
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Figure 11, Photographs Taken During Installation of the
Elevator Counterweights
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Figure 12, Closeup of Installed Elevator Counterweights
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Figure 13, Photograph of Installed Counterwights
on End of Flight Control Surface
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4.0 DU Contamination

The RAFB flight control surfaces contained elevated levels of depleted
uranium contamination. A detailed radiological survey is provided in
Appendix B. As shown, the average alpha contamination is 62 times
greater than the release limits for unrestricted use and 39 times greater
than the release limit for beta/gamma contamination. The average
contamination levels are 50 times greater than the release limits or
roughly 10,000 dpm/lOOcm2. If a worker is exposed to 10,000 dpm/
lOOcm2 average contamination level every workday without the proper
personal protection, the radiation exposure could exceed the annual
permissible radiological intake limits for occupational exposure. In
addition, the intake levels equate to about 12 mg of uranium. This intake
level is greater than the generally accepted weekly safe intake level for
toxic effects of uranium. Photographs of the contamination are provided
in Figure 14. -

Routine refurbishment of DU counterweights greatly reduces the
potential exposure to workers. Newly refurbished counterweights are not
a handling problem for workers. As the C-141 weights continue to
corrode, there is increasing potential that weights inside the flight control
surface will need to be replaced, thereby increasing the frequency of
cover removal. Removal of covers exposes the worker to DU oxides.
During the refurbishment process, a cursory cleaning of the inside
surfaces greatly reduces the amount of oxide present, thereby allowing
workers access to these areas without concern. Refurbishment of
weights also benefits the processing facilities by reducing the long term
decontamination liability for Robins and other sites where the C-141 is
housed and repaired.
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Figure 14, Photographs Demonstrating the Extent of
Contamination Present in the Elevators
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5.0 Cost Analysis Report

This section provides detailed pricing for processing each flight set for RAFB. For the purpose
of the price and schedule analysis, we have assumed at total oiaircraft. Should the overall
number of aircraft needing weight refurbishment be somewhat less, i.e.*unit pricing would
remain the same. A summary of the pricing for each flight i provided in Table 1. As
shown, the overall price for each flight set or aircraft is Pricing for fabrication of
missing or damaged counterweights will be provided as needed. However, based upon this
demonstration, missing or damaged counterweights are not expected to impact the overall price
by more that a few percent.

Table 1, Pricing Breakdown

Task Price
Unpacking
Disassembly
Counterweight Refurbishment a
Fabrication of Strip Weights
Re-assembly
Total

* Based upon building all strip weights during one run. Otherwise, a0 increase in price
must be added if several runs are required.

5.1 Unpacking

Unpacking of each flight set requiressman-hours. The price to unpack each flight set is

5.2 Disassembly

Disassembly of each flight set requiresrnan-hours. In addition to the manpower, screws and
bolts are replaced. The replacement cost for these materials equates to approximatelyper
flight set. The price to disassemble each flight set i

53 Counterweight Refurbishment

Pricing for counterweight refurbishment is provided in accordance with Starmet's published
price list. This price list is provided in Appendix B. The total price for each flight set is

5.4 New Strip Weights

Pricing for fabrication of the strip weights for each flight set is This price is based upon
building all strip weights during one run. tIncrease in price will be added if several runs
are required.
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5.5 Re-assembly

Re-assembly of each flight set requires*man hours. The price to re-assemble each flight set is

a*

5.6 Transportation

Proposal assumes that the government will provide transportation at not cost tot the government.
If transportation needs to be arranged by Starmet CMI, it will be performed at cost plus _
markup.
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6.0 Schedule

Starmet has developed a detailed schedule for startup and refurbishment of RAFB flight
sets. The detailed schedule is provided in Appendix C. The schedule is based upon
receiving the first flight set no later than998. As shown, Starmet will begin by
processin flight set per month and work up to processing flight sets per
month until all of RAFB flight sets are refurbished. The entire C-141 fleet would therefore
be refurbished by _ 2003.
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Appendix A

Contamination Survey of RAFB Elevators
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Appendix B

Counterweight Refurbishment Standard Price List
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C-141 AlRCRAF-FDEPLETED URANIUM (DU) COUNTERWEIGHTS
(Quantitie are per Aircraft)

* f Costca) i Cot~ot) | fightfech)

4



Appendix C

Schedule for Refurbishment of RAFB
Flight Sets
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Schedule (one page) removed due to sensitivty of nformation


