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ABSTRACT 
Envirocare of Utah, Inc. (Envirocare) commenced operation of its Class A Containerized Waste 
Facility (CWF) on October 25, 2001.  The opening of this facility began a new era for 
Envirocare, in that; their core business had always been low level, high volume, bulk radioactive 
waste.  The CWF commenced operations to dispose of low level, low volume, high activity, 
containerized radioactive waste.  Due to the potential for high dose rates on the waste disposal 
containers, the ALARA principle (As Low As Reasonably Achievable) plays an important role 
in the operation of the CWF and its mission to properly dispose of waste while minimizing doses 
to the workers, public, and the environment.  This paper will enumerate some of the efforts made 
by the management and staff of the CWF that have contributed to significant dose reductions. 
 
Pre-Startup Phase 
As part of the licensing process, Envirocare assembled a team of Health Physics (HP) and 
Operations (OPS) professionals with prior experience in the handling/disposal of higher activity 
shipments of low level radioactive waste (LLRW).  Among other things, these individuals were 
tasked with: 
 

• Developing efficient operating procedures 
• Establishing dose efficient waste placement techniques 
• Establishing waste placement configurations 
• Procuring equipment to be used in the disposal processes 

 
Each of the above tasks was performed within the framework of applicable regulatory 
requirements with dose reduction in mind.  During this critical phase, the team established 
baseline administrative dose limits using computer modeling and full-scale mock-ups.  This 
became the starting point from which improvements, specifically ALARA improvements, could 
commence. 
 
Envirocare established an annual ALARA goal of 2.0 mSv (200 mrem) Total Effective Dose 
Equivalent (TEDE), for any individual at the CWF.  While this ALARA goal is volume and 
activity dependent, it is consistent with Envirocare bulk operations as well as other containerized 
radioactive waste disposal facility doses. 
 
Operation 
The majority of the radioactive waste is received in Type A shipping casks and must be 
transferred from the cask to the disposal cell.  The items noted below represent major areas of 
focus for the daily operations at the CWF that have contributed to the very low doses received by 
workers, the public, and the environment.   
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• Dose modeling 
• Process flow and facility layout 
• Disposal techniques 
• Container handling tools/equipment 
• Administration 
• Employee training and qualification 

 
Each item above will be described in greater detail such that the reader may gain an 
understanding of the specific improvements that have led to significantly lower doses than 
projected.  
 
For calendar year 2002, Envirocare has received in excess of 117.5 TBq (3,172 curies) of 
radioactive waste with disposal container contact dose rates ranging from 0.1 mGy (10 
mrem/hour) to 700 mGy (70 R/hr).  Through the aggressive dose minimization efforts of the 
CWF staff, individual employee doses for 2002 were less than 2 mSv (200 mrem).  Restricted 
Area boundary doses for the same period have been only slightly higher than our established 
background of 0.1 µSv (10 µrem) at 0.15 µSv (15 µrem). 
 
BACKGROUND 
The basis for the Envirocare of Utah, Inc. Containerized Waste Facility is a direct result of the 
Envirocare application for a Radioactive Materials License to dispose of Class B and Class C 
waste in addition to the Class A waste currently authorized.  Envirocare personnel and 
consultants developed the application over a two-year period.  Representatives from the Utah 
Division of Radiation Control (UDRC), as well as the UDRC’s prime contractor for this project, 
Unified Radiological Services (URS), reviewed the application.  The UDRC approved the 
license application and granted a Radioactive Materials License to Envirocare on June 9, 2001.  
Because of a condition in the Utah Annotated Code (UAC), which requires the approval of the 
state legislature and governor prior to permitting a licensee to receive greater than Class A 
LLRW, Envirocare is currently not receiving Class B or Class C LLRW.  Envirocare committed 
to the UDRC that the fundamental waste handling, safety and ALARA practices at the CWF 
would be nearly identical to those delineated in the application. 
 
PREOPERATIONAL PLANNING 
As with any Radioactive Materials License application, ALARA was one of two primary 
focuses, safety being the other.  Envirocare personnel and consultants authored the application 
with lessons learned from existing LLRW disposal operations.  The lessons learned, which were 
considered resulted from both Envirocare operations, as well as industry experience at other 
disposal facilities.  In this effort, Envirocare benefited from the experience of the project team, 
whose members were previously involved in the licensing and operation of several LLRW 
processing and disposal operations throughout the United States. 
In addition to the lessons learned with respect to ALARA and safety, operational efficiency 
benefited from the depth of experience of the project team. 
 
REGULATIONS 
There are many federal and state regulations that must be complied with when operating a 
LLRW disposal facility.  Since the state of Utah is an agreement state, Envirocare’s license is 
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regulated by the UDRC but follows the U.S. Nuclear Regulatory Commission regulations 
(NRC).  Essentially, the UDRC rules mimic the NRC’s. 
 
The disposal of LLRW is regulated by Code of Federal Regulation (CFR) 10 CFR 61, Licensing 
Requirements for Land Disposal of Radioactive Waste.  This regulation establishes the 
procedures, criteria, terms and conditions for disposing of LLRW.  In order to protect the general 
population from releases of radioactivity, reasonable efforts must be made to ensure that 
concentrations of radioactive materials that may be released to the general environment will not 
result in an annual dose exceeding an equivalent of 0.25 mSv (25 mrem) to the whole body, 0.75 
mSv (75 mrem) to the thyroid and 0.25 mSv (25 mrem) to any other organ. 
 
This has not been an issue at the CWF because, unlike the Bulk Waste Facility (BWF), all waste 
received at the CWF is disposed of in strong tight containers.  This was one of the main ALARA 
reasons for licensing the CWF.  The Envirocare Environmental Monitoring program consists of 
twenty-five particulate air-monitoring stations that surround the disposal facility.  In addition, at 
selected locations, radon, thoron and tritium are also monitored.  Essentially, all dose received at 
the CWF is from direct gamma dose. 
 
The other regulations that control dose are stipulated in 10 CFR 20, Standards for Protection 
Against Radiation.  This regulation establishes standards for protection against ionizing radiation 
for NRC licensees.  There are three regulations that would apply to the CWF: 
 

1. 10 CFR 20. 1301, Radiation Dose Limits for Individual Members of the Public 
 

This rules requires that operations be conducted, such that, the TEDE to 
individual members of the public not exceed 1.0 mSv (100 mrem) and that dose in 
any unrestricted area not exceed 0.02 mSv (2 mrem) in one hour. 
 
Envirocare’s Environmental Monitoring Program has over fifty locations 
surrounding the facility for monitoring gamma dose.  The CWF has also 
supplemented this monitoring program by the addition of a MGP telemetry unit.  
This monitoring system allows the CWF Health Physics department to place 
electronic dosimeters at selected locations on the restricted area boundary fence 
surrounding the CWF disposal cell.  The dosimeters send a real-time signal to a 
CRT monitoring unit located inside the CWF Operations trailer.  A Health 
Physics Technician (HPT) monitors this unit during the disposal operation and is 
in continual radio contact with the disposal team should a fence line dose problem 
arise. 

 
2. 10 CFR 20.1101, Radiation Protection Program 
 

In order to implement the ALARA requirements in 10 CFR 20, a constraint on air 
emissions of radioactive material to the environment, excluding radon-222 and its 
daughters, is in place, such that, the individual member of the public likely to 
receive the highest dose will not be expected to receive an annual TEDE in excess 
of 0.1 mSv (10 mrem).  As stated above, Envirocare’s Environmental Monitoring 
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program monitors for site effluents, even though, these are essentially zero from 
the CWF. 

 
3. 10 CFR 20.1201, Occupational Dose Limits for Adults 
 

Envirocare must control dose to individual adults to less than or equal to 0.05 Sv 
(5 rem) TEDE annually.  The TEDE is comprised of dose equivalent (DE-
external) and committed effective dose equivalent (CEDE- internal).  All 
Envirocare personnel that are involved with CWF waste disposal operations are 
monitored with NVLAP-approved thermal luminescence device (TLD).  In 
addition, personnel are also monitored real-time with electronic dosimeters. 

 
Envirocare’s ALARA program has also established an individual ALARA goal of 2.0 mSv (200 
mrem) annual TEDE.  All personnel at the CWF have received less than 2.0 mSv (200 mrem) in 
the first full year of operation of the CWF.  This goal was accomplished even though the CWF 
received 143 shipments in 2002 and in excess of 117.5 TBq (3,172 curies). 
 
SOFTWARE USED 
Much of the dose modeling for the licensing of the CWF was performed using MicroShield ® 
Version 5.  MicroShield ® is used to analyze shielding and estimate dose from gamma radiation.  
This program is also used by the CWF Health Physics staff in preparation of Radiation Work 
Permits (RWPs), which are used to stipulate all radiological controls, personnel protective 
equipment (PPE) and dosimetry requirements for disposal operations. 
 
Another dose modeling program used during licensing and operations is MicroSkyshine®.  This 
program calculates dose from the overhead scatter of gamma radiation with air.  The CWF 
Health Physics staff also uses this program for RWP preparation, if needed.  In general, because 
the CWF can only receive Class A waste, skyshine is not an issue. 
 
WASTE DISPOSAL PROCESS 
The disposal process at the CWF is as follows.  Since most of the shipments received at the CWF 
are casks, this review of the disposal process will be from a cask shipment perspective. 
 
The first task in the disposal process is the receipt of the Advanced Shipment Notification.  This 
document is emailed or faxed to the CWF Operations department to schedule the shipment.  It 
annotates relevant shipment information, i.e. number of containers, dose rates, activities.  The 
CWF staff uses this information to ensure that proper handling equipment is available and that 
there are no scheduling conflicts so the shipment can be disposed on the day received.  This task 
also allows the CWF staff to ask questions of the shipper prior to the shipment departure from 
the shipper’s site. 
 
The next task is receipt of an advanced shipment manifest two to three days (as applicable) prior 
to arrival of the shipment at the CWF.  This advanced manifest is used to verify waste 
classification, waste void (> 85% full) and perform a general manifest review.  Again, this task 
attempts to fix problems prior to shipment’s arrival at the CWF.  This minimizes the 
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transportation risk by ensuring that the shipment is valid for disposal and ensures that the 
shipment will not have to be returned to the shipper. 
 
When the shipment arrives, a HPT will survey the shipment for compliance with Department of 
Transportation (DOT) regulations.  In general, dose surveys are performed with a Johnson 2000 
GM instrument.  This radiological instrument is used because of its extended probe (thirteen 
feet).  Distance (ALARA) reduces dose since the package/conveyance can be 2.0 mSv (200 
mrem) on contact. 
 

• Once the shipment is received, accepted and approved for disposal, the CWF team holds 
a pre-job briefing.  In this forum, the RWP is reviewed and workers are informed of the 
expected radiological conditions associated with the shipment.  In addition, any unique 
safety concerns are addressed, off-loading sequencing is coordinated, and the disposal 
location is designated.  At the conclusion of the briefing, workers sign the RWP and the 
cask handlers go to pick up the transport trailer with the CWF’s tractor.  The waste 
shipment conveyance driver does not come into the waste disposal cell. 

 
The cask handlers take the transport trailer to a cask staging area (low dose area), which is 
located inside the restricted area, but outside the disposal cell.  Here they remove the rain cover, 
and de-tension the ratchet binders securing the cask lid prior to transporting the load to the cell.  
Cask lids that are secured with bolts are de-tensioned in the cell. 
 
Next the cask is moved to the disposal cell where the crane operator, lift truck operator and the 
HPT are already setting up for the offload.  The crane operator and truck driver coordinate the 
placement of the truck and crane such that the swing arc for the crane boom is centered over the 
cask and the placement location (Fig. 1).  This is key to minimizing the amount of time the 
unshielded waste container is suspended in air.   
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Fig.1: In Cell Crane/Truck Set Up Configuration 
 
On signal from the crane operator that the configuration is adequate, the cask handlers attach the 
rigging to the cask lid for removal.  The Cask Team Supervisor then signals the crane operator to 
raise the lid approximately two feet so that an HPT verification of the unlidded cask plane dose 
rate can be performed.  If this matches the information sent by the generator, the lid is 
completely removed. 
 
The cask handlers then position a convex mirror over the open cask so that the waste container 
rigging can be seen and retrieved.  This minimizes the dose to the cask handlers by allowing 
them to work below the top edge of the open cask.  The rigging is retrieved with the use of 
specially designed tools by the cask handlers and attached to the crane hook.  This typically takes 
10 to 30 seconds (Fig.2). 
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Fig.2: Specially designed rigging retrieval tools- (top) rounded shorter retrieval tool, 
(bottom) longer retrieval tool 
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After the waste container rigging is attached to the crane hook, all personnel move behind 
portable shielding and the crane operator is authorized, by the Cask Team Supervisor, to remove 
the waste container from the cask.  The liner is then placed in the pre-selected disposal location.  
Quality Control (QC) Technicians verify the placement of the shipment using another convex 
mirror that is strategically placed in the disposal area to minimize their dose. 
 
Once approved by the QC Technicians, the waste container is then backfilled with sand using a 
multi-implement extending boom lift truck.  The backfill reduces employee dose immediately. 
 
An internal inspection of the cask, lid and sealing surfaces, including a radiological survey, are 
then completed.  The cask lid is then returned to the cask and the binders secured.  A transport 
seal is applied to the cask lid and the cask is then transported back to the staging area for final 
torquing and replacement of the rain cover.  At this point, radiological release surveys and 
inspections are done.  When all release documentation is complete, the cask trailer is returned to 
the transport driver and released for return. 
 
ALARA TECHNIQUES 
Although not within the scope of this paper, the disposal embankment design requirements 
dictated much of the waste handling and disposal procedures.  The primary design consideration 
is the prevention of differential settlement of the final disposal cell cover.  Several potential 
disposal embankment construction methods were considered.  One method was to construct the 
truncated pyramid lifts as a homogeneous monolith of the approved backfill material, and then 
“drill” cylindrical cavities to emplace waste containers in.  In the end, this method was 
abandoned because of the potential for damage to containers previous placed in the disposal 
embankment.  The method chosen was to backfill over the emplaced waste containers using 
unwashed masonry sand with moisture content of less than four percent.  The sand was chosen 
because of the “flow ability” of this material, allowing the minimum potential voids around the 
emplaced waste container.  As a result of the characteristics of the backfill sand material, a 
method of backfill containment was needed to minimize unnecessary costs and improve 
embankment efficiency.  The containment device chosen was concrete culvert sections with 7’ 
inside diameters.  The empty caissons (culvert) are placed adjacent to each other (Fig. 1). 
 
Disposal techniques 
A number of disposal techniques have contributed to the reduced employee dose.  These are: 

o Use of concrete caissons surrounding liners 
 

 Typical placement of liners or high integrity containers (HICs) is done 
inside of a large diameter concrete pipe section called a caisson.  These 
caissons provide a backfill-retention form around the liner to enhance 
structural stability of the embankment while under construction.  The 
caisson (with 8” thick walls) and the backfill sand have an additional 
benefit in that they provide substantial shielding of the package dose on 
the sides and top.   Dose reductions average approximately 30% from the 
concrete alone.  Depending on the size of the liner, the addition of backfill 
material provides an additional 20% average dose reduction. 
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o Use of empty row of caissons 
 

 In July of 2002, the CWF acquired an extending boom lift truck with a 
bucket attachment.  Prior to this, a traditional style front-end-loader was 
used for backfilling.  The acquisition of the extending boom equipment 
has given the CWF the ability to backfill waste containers from an average 
distance of 20 feet as opposed to the 6-foot distance using the front-end 
loader.   

 
 The additional reach capacity of the extending boom equipment also 

allows for cell construction to be done such than an empty row of caissons 
is always between the personnel and the waste container disposal location 
(Fig. 1). 

 
o Use of convex mirrors for inspections 

 
 Embankment construction procedures require that the QC Technician 

make a visual observation of placed waste containers prior to backfill and 
subsequent to backfill.  Originally, this was done by a QC Technician 
standing along side the caisson and using a small inspection mirror on a 
pole.  In early 2002, the CWF constructed a stand with a 26” diameter 
convex mirror.  The stand is placed adjacent to the disposal location as 
part of the crane set up.  This tool has made it possible for the QC 
Technicians to perform their inspections from an average distance of 
nearly 20 feet. 

 
Container handling tools 

o Retrieval poles/convex mirror 
 

 In order to retrieve the waste container rigging and attach it to the crane, 
two types of poles are used in conjunction with a 26” convex mirror 
attached to a 12’ ladder (Fig. 3).  The first pole (Fig. 2- top) is used by one 
cask handler to pick up the rigging from the top of the waste container.  
The second pole, (Fig. 2- bottom) is used by another cask handler to hold 
the first sling while the second is retrieved and/or to hold both slings and 
slide them onto the crane-sorting hook. 
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Fig. 3: 26” convex mirror attached to a 12’ ladder 
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Fig. 4: Retrieval poles and sorting hook 
 

o Sorting Hook 
 

 One of the key solutions to working with high dose shipments has been 
the use of a sorting hook attached to the standard crane hook. (See figure 
4)  This hook is sized for adequate working capacity on all typical waste 
container shipments and provides quick attachment/release capabilities for 
working with shipments.  Because the hook is counter-weighted, once the 
load is attached, no further cask handler intervention is required for 
depositing the load in the caisson and releasing the hook from the slings.   

 
Administration 
Due to the increased hazards for the disposal of CWF waste, the CWF has distinct radiation 
safety and operations management personnel from the remainder of the Envirocare site.  The 
CWF Operations manager, who reports directly to the Vice President of Operations, manages 
CWF site operations.  The CWF Site Radiation Safety Officer who reports directly to the CWF 
Corporate Radiation Safety Officer manages CWF radiation safety operations. 
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Training and Qualification 
All operations and radiation safety personnel are qualified radiation workers.  In addition, 
workers are qualified as riggers in support of crane operations.  For initial waste handling 
qualifications, Envirocare leased a 14-170, Type A, transportation cask.  This cask was used with 
a metal liner to train the crane operators and cask handling crew for cask operations.  In 
accordance with the radioactive material license for the CWF, Envirocare must perform mock up 
training with non-radioactive material prior to receipt of radioactive waste for disposal.  This 
training is also performed for any new types of shipping casks or waste disposal operations. 
 
SUMMARY 
For calendar year 2002, Envirocare has received in excess of 117.5 TBq (3,172 curies) of 
radioactive waste with disposal container contact dose rates ranging from 0.1 mGy (10 
mrem/hour) to 700 mGy (70 R/hr).  Through the aggressive dose minimization efforts of the 
CWF staff, individual employee doses for 2002 were less than 2 mSv (200 mrem).  Restricted 
Area boundary doses for the same period have been only slightly higher than our established 
background of 0.1 µSv (10 µrem) at 0.15 µSv (15 µrem). 


