
 
 
 
 
 
  
 
October 5, 2015 Project No. 1537372 

Mr. Donald Metzler, PG 
United States Department of Energy 
200 Grand Avenue 
Grand Junction, CO  81501 

RE: CALCULATIONS OF THE LIFTING REQUIREMENTS AND SAFETY CONSIDERATIONS FOR 
REMOVAL OF BURIED AUTOCLAVES FROM THE MOAB TAILINGS PILE 

Dear Mr. Metzler:  

As requested under Task 00001 of the DOE purchase order DE-EM0003882, Golder Associates Inc. 
(Golder) has been tasked to provide review and technical support services to the Moab UMTRA project 
related to rock slope monitoring, slope condition assessment and, in addition, to provide a determination 
of the required lifting weights for 14 autoclaves that were buried in the Moab Tailings Pile. This report 
summarizes the weight determinations of the autoclaves, an assessment of the environmental issues that 
will affect the removal of these vessels and will address the safety considerations that will need to be 
implemented in order to lift and transport these autoclave vessels in a safe and environmentally 
acceptable manner. 

Golder is pleased to provide the UMTRA team with continuing assistance for the Moab Project including 
our evaluations of the weight determinations and lifting requirements for the autoclaves and an 
assessment of the environmental and safety aspects of lifting, loading and transportation.  

Background  
The Department of Energy (DOE) Moab Uranium Mill Tailings Remedial Action (UMTRA) project is 
located approximately 3-miles northwest of the City of Moab, in Grand County, Utah, and includes the 
former Atlas Minerals Corporation uranium-ore processing facility. The Moab UMTRA site is situated on 
the west bank of the Colorado River at the confluence of the Moab Wash. The site encompasses 439-
acres, with approximately 130-acres of covered uranium mill tailings. 

An estimated 12 million cubic yards of uranium mill tailings, or Residual Radioactive Material (RRM), and 
contaminated soil are present in an unlined impoundment located in the western portion of the property. 
The DOE mission is the cleanup and reclamation of the mill site property, vicinity properties and 
contaminated groundwater.  

As part of the baseline work the excavation, transfer, shipment, placement and compaction of RRM has 
been underway for several years. Progress on the Moab excavation has proceeded to the point that 
certain buried Atlas Mill facility process equipment will soon be encountered as the excavation proceeds. 
This process equipment includes various tanks, piping and other equipment that will have to properly 
handled and transported to the Crescent Junction burial facility or other suitable disposal site. Of special 
concern is the removal of fourteen (14) large autoclaves that were buried in the mill tailings which will 
have to be excavated, lifted out and prepared for shipment. 

Evaluation of the Atlas Mill Autoclaves 
While it is known that the autoclaves used in the Atlas Mill were buried in the Moab tailings, the details of 
these vessels and the condition during burial is uncertain. A review of existing information was made to 
determine size and manner in which these autoclaves were prepared during burial. (Ref: 1 – 5) 
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The following assumptions about the nature of the buried autoclaves were made to establish a basis for 
the weight calculation which follows. (Attachment 1: Moab Autoclave Weight Calculations) 

 Autoclave Size:  12’ (D) X 14’ (Sidewall Height) 

 Elliptically domed top and bottom (Ref: 4, Atlas Pictures) 

 Steel Construction with ¾ inch thick walls (Note 1) 

 All autoclaves are insulated with fire brick and coated with asbestos-based mortar and 
covered with a tar-base coating. (Ref: 3) 

 The autoclaves were filled with asbestos coated piping and native soil/tailings prior to 
burial. (Ref: 5) 

 The autoclaves were buried with the support stands in place which could add to the 
complexity of the lifting and transportation of the vessels. (Ref 5) 

The fact that the autoclaves were filled with piping and soil prior to burial adds a great deal of weight to 
the requirements for lifting of these vessels from the pile. In addition, if the autoclaves are to be pulled 
from the tailings pile while partially covered with tailings, added weight should be considered to account 
for the frictional resistance to the actual weight of the vessels. The additional weight of this complication is 
not considered in this evaluation as it is assumed that the autoclaves will be fully excavated prior to lifting 
to minimize the lifting requirements.  

Autoclave Weight Calculations 
The details of the calculations to arrive at the various weights for the different aspects of the autoclaves 
are shown in Attachment 1: Moab Autoclave Weight Calculations. 

A summary of the calculated weight, based on the information provided, is given below: 

Autoclave Vessels (3/4” Steel Wall) 25,690 lb (Note 1) 

Vessel Support Stands 686 lb  

Firebrick 22,200 lb  

Saturated Sands/Soil Fill in Autoclaves 223,850 lb  

TOTAL WEIGHT OF LIFT (lb.) 272,426 lb  

TOTAL WEIGHT OF LIFT (tons) 136 tons  

Note 1. Several references on the wall thickness for the autoclave vessels present a conflicting view of the 
actual value for these steel autoclaves. The report submitted to the State of Utah on the Asbestos 
Abatement indicates that the autoclaves were likely to have a 1/2'” wall thickness (Ref: 3). Additional 
information was provided, however, that would indicate that the wall thickness was 3/4” or even 1” (Ref: 5).  

In order to verify what the likely wall thickness would be Golder prepared an independent vessel design 
calculation to determine the required ASTM wall thickness for the application encountered by the 
autoclaves. This design calculation showed that a 0.65” wall thickness would be needed to achieve the 
safety requirement for a coded steel tank pressure vessel (autoclave) operating under pressure and 
temperature. Using this design calculation as additional verification, a value of 3/4” was used in the 
calculation for the empty autoclave vessel weight. Calculations for all three wall thicknesses (1/2”, 3/4” 
and 1”) were also made and are shown in Attachment 1. 

The above autoclave lift weight does not include any safety factor and this should be discussed and 
determined in consultation with the crane operator so that they can include their required safety factor in 
the lift calculation.  Typical safety factors in the range of 10 – 25% should be considered. 
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Environmental Considerations 
It is known that the autoclave vessels were covered with a layer of fire brick which was coated with an 
asbestos mortar and covered with a tar coating. Since these autoclaves have been buried for a 
considerable number of years, it is not possible to determine if the fire brick and asbestos mortar will 
remain intact once the autoclaves are excavated. In addition, it has been reported that the autoclaves 
were filled with asbestos covered piping prior to burial. These two factors would necessitate handling 
these autoclaves as asbestos materials. Special handling and packaging requirements will be necessary 
as these vessels are removed and prepared for shipment. The 1995 Asbestos Report filed with the State 
of Utah (Ref.3) should be re-evaluated to determine the regulatory requirements for the disposal of 
asbestos containing materials. Soil in the vicinity of the buried autoclaves will also have to be evaluated 
for asbestos and handled appropriately for disposal. 

It has also been reported that the autoclave vessels were filled with soil or tailings to prevent them from 
floating in the tailings pile. It is not known what material was used to fill these vessels; however, it should 
be assumed that they are filled with radioactive tailings to some extent. This will also necessitate special 
handling requirements due to the radioactive nature of the autoclave contents.  

Autoclave Lifting Requirements – Mechanical and Safety Considerations 
Special equipment to lift and handle approximately 136 tons of weight will be required. It is assumed that 
the autoclaves are buried in the tailings pile and the stability of the tailings to handle the load 
requirements for the proposed lifts will have to be carefully evaluated. The safety of the operation to 
remove these autoclaves will be of paramount consideration as the weight loads are high and the stability 
of the area surrounding the autoclave burial sites is uncertain and potentially unstable. 

Golder understands that the remediation contractor plans to utilize a crane and/or heavy construction 
equipment to remove the buried autoclaves from the existing tailings pile. It is assumed that the 
autoclaves were buried somewhere in the interior of the pile, which consists of beach areas of coarse, 
sandy tailings near the embankment, grading to wet, fine tailings or slimes in the central and pool areas. 
Much of the tailings are expected to be saturated, resulting in areas of potentially soft and yielding 
subgrade. Given the high bearing pressures anticipated from the crane tracks and equipment tires/tracks, 
and the variable subgrade bearing conditions, there is the potential for equipment instability if the access 
route is not carefully planned and evaluated. 

A geotechnical study should be performed to evaluate soil bearing conditions along the planned 
construction access route and lifting site on the tailings pile. This study will be required to provide 
recommendations for wooden or composite crane mats (as needed) to allow for safe and economical 
equipment removal. It is recommended that this work be performed once the exact location of the 
autoclaves is determined and the route for removal is established. Both the lifting requirements for the 
proposed 136 ton lifts will need to be evaluated as well as the rotational requirements for the crane 
support pads as it lifts and moves the autoclaves to a transportation vehicle. Given the high loading, a 
large crawler crane with lattice boom will likely be required. There is also the potential that subgrade 
stabilization may be required to provide safe access and lifting of the autoclaves.  

If requested, Golder can provide a review of available geotechnical data for the Moab tailings 
impoundment (e.g., cone penetration test (CPT) logs, tailings characterization data, drilling logs; Ref 6.) 
and perform an engineering analysis to evaluate the requirements for bearing capacity along potential 
access routes and lifting locations. It is also recommended that the DOE develop a safety plan to insure 
that proper protocols are followed for a safe and efficient transport of the crane into the tailings facility and 
determine what the combined weight bearing requirements will be for the crane and lift load. Depending 
on the location of the buried autoclaves a plan for a safe access route for removal of the autoclaves will 
also need to be established.  
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Recommendations Moving Forward 
The evaluation of the weight determinations and the lifting requirements will have to be carefully 
evaluated prior to the execution of the work in order to insure that the autoclaves can be removed in a 
safe and efficient manner. 

1. A geotechnical evaluation which will focus on the stability of the tailings/soils in the area 
of the excavation and lift site is very important. This should be undertaken once the exact 
location of the autoclave excavation site(s) and crane lift site is determined. 

2. Once an access route is established, additional geotechnical evaluations will be 
necessary for the crane and transport vehicle routes. Soil bearing calculations and 
recommendations for support mats or other soil support methods will be needed to insure 
the safe transport of the crane, trucks to and from the lifting site.  

3. Preliminary contact with a reliable crane operator should be undertaken who can give 
advice on crane size and lifting capacity of various crane options.  Discussions on lift 
safety factors should also be undertaken to establish a crane size that can safely lift the 
combined weight of the autoclaves. 

4. Crane operations companies typically have elaborate software programs which are 
designed to analyze safe crane lifting operations and the requirements for pad support 
during transport of the crane and lifting of the autoclaves. It is recommended that this be 
undertaken as soon as practical as it will give the DOE and its contractors the necessary 
technical information needed to plan the autoclave removal operations. 

5. A carefully designed Health and Safety Plan should be developed which will incorporate 
both the environmental and safety aspects of the planned operation. Additional technical 
information will be required in order for this plan to take into consideration all of the 
geotechnical, mechanical, environmental and personnel safety considerations. 

Golder’s commitment to the DOE team is to provide whatever technical support will be required in order 
for the autoclave removal process to be conducted in a safe and economical manner.  

Closure 
Golder appreciates the opportunity to be of service to the Department of Energy on this interesting and 
important project. Please contact the undersigned if you have any questions regarding the content of this 
report.  

Sincerely,  
 
GOLDER ASSOCIATES INC.  
 
 
 
 
Erich W. Tiepel, PhD Roman S. Popielak  
Principal and Program Leader Senior Consultant 
 
cc:  David L. O’Sadnick, Golder Associates Inc. – Denver 
 
Attachments: Attachment 1 – Moab Autoclave Weight Calculations 

Attachment 2 – References 
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