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CONTAMINATED SEDIMENT REMOVAL FROM A SPENT FUEL STORAGE CANAL

K. R. Geber

Office of Radiation Protection
Oak Ridge National Laboratory"

ABSTRACT

A leaking underground spent fuel transfer canal between a decommissioned reactor and a

radiochemical separations building at the Oak Ridge National Laboratory (ORNL) was found to

contain RCRA-hazardous and radioactive sediment. Closure of the Part B RCRA permitted facility

required the use of an underwater robotic vacuum and a filtration-containment system to separate

and stabilize the contaminated sediment. This paper discusses the radiological controls

established to maintain contamination and exposures As Low As Reasonably Achievable (ALARA)

during the sediment removal.

INTRODUCTION

The primary mission of the Oak Ridge Graphite Reactor was to demonstrate the production

of plutonium from uranium in a reactor and the feasibility of extracting it from irradiated uranium

slugs. In early 1944, the Graphite Reactor and the Radiochemical Processing Pilot Plant

produced the world's first gram quantities of plutonium. The Graphite Reactor was

decommissioned in 1963 after 20 years of continuous operation and designated a historic

landmark by the U.S. Department of the Interior in 1966 and by the American Nuclear Society in

1992.

During operation, fuei slugs (uranium enclosed in aluminum sheaths) were loaded into the

face of the reactor. Once a fuel slug was spent, it would be pushed from the reactor and slid

"Managed by Martin Marietta Energy Systems, Inc., under contract DE-AC05-84OR21400 with
the U.S. Department of Energy.



down a chute into an underground, water-filled concrete reservoir connecting the reactor to the

reprocessing facility. A monorail and chain hoist were used to transfer slugs underwater to the

reprocessing facility where plutonium, created by the reaction

238U(n,K)239<A239Np^239Pu,

was chemically extracted. Of the thousands of fuel slugs processed, it is estimated that roughly

200 ruptured in the reactor or in the canal, leading to its contamination. The sediment at the

bottom of the canal, estimated to be 1.25-cm thick, contained the contents of some of these

slugs as well as leachable lead and cadmium above the limits set forth by the Resource

Conservation and Recovery Act (RCRA).1 The RCRA constituents were present as a result of the

handling of fuel sources containing heavy metals. Since its shutdown in 1963, the canal had

been used for storage of radioactive sources used in various research projects and commercial

source production.

In March 1990 it was reported that the canal was losing water at the rate of approximately

1.5 x 103 L d"1. A review of records indicated that the canal had been losing water since the

1960s and had been replenished by an automatic makeup water system. Because the RCRA

constituents of the sediment exceeded the toxicity characteristic leaching procedure limits for

cadmium and lead, closure in compliance with RCRA interim status regulations was required.

The canal is presently being assessed under the Comprehensive Environmental Response,

Compensation and Liability Act as part of Waste Area Grouping 1 (WAG 1). It is anticipated that

the results of the WAG 1 Remedial Investigation/Feasibility Study will determine the priority and

method for ultimate decommissioning of the canal.2



Radiological Hazard Evaluation

A human health risk assessment was performed to identify the potential health risk from the

existing leak in the canal. Radiological analysis of the sediments identified significant quantities

of 137Cs, 6OCo, 90Sr, and traces of 241Am, 239Pu, 152Eu, 154Eu and 155Eu.1 The major

contaminants in the water were the radionuclides 137Cs, 60Co, and 90Sr. Groundwater was

identified as the primary medium of transport of the contaminants to the White Oak Creek, which

drains into the Clinch River. Therefore, the potential risk to the public was determined from

ingestion of drinking water, ingestion of contaminated fish, and exposure to contaminated

sediments on the shoreline. The total possible risk due to contamination from the canal leak was

found to be within the acceptable range of 10"4 to 10'6 specified by the U.S. Environmental

Protection Agency and negligible when compared to the existing risk levels at the Clinch River.3

Canal Description

The canal is an "L"-shaped structure located under portions of Building 3001 (the Graphite

Reactor) and Building 3019 (the Radiochemical Processing Pilot Plant) as shown in Figure 1. The

term canal has historically been used to identify this structure. However, the "canal" is actually

an in-ground reinforced concrete structure satisfying the regulatory definition of a tank. The

canal is 2.1 -m wide, 30.8-m long, 3.2-m deep at one end and 3.5-m deep and 1.5-m wide at the

other end. The volume of the canal is approximately 2.35 x 105 L. At the north end a 2.1-m x

2.1-m x 6.1-m deep pit is located into which spent fuel slugs were ejected from the reactor. The

atmosphere of the canal room is isolated from that of Building 3019 by a concrete wall that drops

below the surface of the water, creating an airlock through which sources and assemblies may

pass underwater. The canal room is maintained at a negative pressure (50-60 Pa) relative to

adjacent areas. Canal exhaust air passes through HEPA filters before passing to the building

stack.



Figure 1. Views of Building 3001 Canal.

ORNL-DWG 76-12387R

MONORAIL

ACCESS STAIRS

SECTION "A-A"

0 5 10

LADDER

10 20

SCALE IN FEET

WALKWAY

HORIZONTAL SECTION



TASK DESCRIPTION

Recovery and Disposal of Sources

The canal was used as a receiving and discharge area for spent fuel slugs from the Graphite

Reactor, enriched fuel from the Low Intensity Test Reactor, Oak Ridge Research Reactor, Tower

Shielding Facility, and for miscellaneous sealed radioactive materials such as 6OCo.4 Before the

sediment removal phase of the closure could proceed, the recovery and disposal of a significant

number of 60Co and 90Sr sources had to be effected. The canal inventory held 834 60Co

sources and 16 90Sr sources, estimated at more than 1.5 x 105 Ci total activity. The 60Co

sources were encapsulated in aluminum and the 90Sr were thought to be SNAP-7F sources

encapsulated in hastalloy.4

A specially modified spent fuel transport cask was used to transport sources from the canal

to a hot cell for repackaging and transfer to the Retrievable Waste Storage Area. The cask had

been modified with a retractable shield drawer on the bottom to allow bottom-end loading and

unloading. To keep worker exposures ALARA, sources were loaded into baskets within the

submerged cask at the canal, then transported 76 m to a hot cell at the Oak Ridge Research

Reactor. With the hot cell roof plug removed, the baskets containing the sources were lowered

through the bottom of the cask and through the roof of the hot cell. Inside the hot cell, the

sources were repackaged into containers suitable for placement at the Retrievable Waste Storage

Area in Solid Waste Storage Area (SWSA) 5.

Based upon pocket dosimeter data5 from personnel expose*.', the collective dose for the

source removal task was less than 6 person-mSv, half the ALARA estimate. The maximum

individual dose was 0.76 mSv. No worker exceeded daily or weekly administrative exposure

limits. Air monitoring demonstrated that no airborne contamination was generated.



Sediment Removal

Following source removal, plans were implemented to remove and immobilize the sediments.

The scope of work required a subcontractor to furnish all labor, materials, design, and equipment

needed to accomplish removal and stabilization of the sediments in accordance with contract

technical specifications,1 ORNL Environmental, Safety and Health procedures, and Title 29 of

the Code of Federal Regulations, Part 1910.120, "Hazardous Waste Operations and Emergency

Response." Significant input was provided to the subcontractor in development of the Site Safety

and Health Plan to ensure that radiological safety and ALARA strategies were incorporated into

the design and operational plans.

The concept of operations required meeting the following objectives: removal of the

sediments from the canal floor, segregation of sediment based on particle size, sampling and

analysis of waste, and packaging for disposal. The initial design used a robotic umbilical vacuum

which fed a series of successively smaller filters: sediments less than 1 mm in size were sluiced

to the Liquid Low-Level Waste System (LLLW) with solidification of the remaining wastes in a

cement matrix. The design package,6 as originally proposed and implemented, appeared "on

paper" to suitably fulfill all of the stated objectives. However, chronic problems such as poor

water clarity and excessive filter clogging required several process configuration changes until

a suitable arrangement was attained that provided the required water clarity and particle

segregation.

To remove and segregate the sediments, a "catch" drum with internal baffles was placed in-

line following the robot to catch heavy particulates less than 7.6 mm in size. Sand and rocks

(spalled from the concrete wall) were the principal wastes collected in the "catch" drum. Effluent

from the "catch" drum was drawn through 208 L sand filters which backflushed into a high

integrity container (HIC) located on a platform above the canal. The contents of the HIC were

sampled, met the Waste Acceptance Criteria1 (WAC), and were discharged to the LLLW system.



Water clarity was successfully achieved and maintained after a Tri-Nuclear (Tri-Nuc') filter system

was placed into operation in the canal.

Due to the unknown particle size distribution of the sediments and the unknown parameters

of the separations equipment, there was an uncertainty as to whether the dried waste would meet

the particle size requirement of the WAC.1 Therefore, procedures were developed to solidify any

waste that did not meet the WAC.1 Upon sampling and analyses, however, all waste was

accepted in an unsolidified form. Significant large pieces of debris, such as tools, lead bricks,

and nuts and bolts, were too large to be vacuumed up by the robot and were removed manually

via bailed screen-bottomed buckets lowered into the canal. Highly radioactive particles large

enough to be picked up by long-handled tools were also placed in bailed buckets to be removed

after the sediments were successfully removed and the subcontractor demobilized.

RADIATION PROTECTION FOR SEDIMENT REMOVAL

Site Survey

Prior tr equipment setup, the subcontractor's radiation protection (RP) group performed

baseline surveys to document existing radiological conditions. Removable contamination levels

as high as 1300 Bq/100 cm2 0-y (67 av) and 8 Bq/100 cm2 a (1.7 av) were found. Air sampling

generally showed levels of airborne contamination to be below 0.1 of the derived air

concentration (DAC) for 239Pu with occasional spikes to 1.0 DAC. The general area background

was about 0.77 fjC kg"1 h"1 with the canal water maintained at its usual level. Over time,

radionuclides from the water had been absorbed into the concrete walls, requiring the water to

be maintained at a specific level to provide shielding from the walls. Background radiation levels

rose significantly if the water level was lowered even 30 cm. A survey of the canal floor identified

numerous locations of previously unidentified high-activity debris, with several individual readings

greater than 0.26 C kg"1 h"1.



Site Controi

In compliance with DOE 5480.11, "Radiation Protection for Occupational Workers,"

radiological zoning and posting had been established prior to source or sediment removal

operations. Compliance with 29 CFR 1910.120, however, required establishment of an Exclusion

Zone, a Contamination Reduction Zone (CRZ), and a Support Zone. The canal room, beginning

at the top of the canal access stairs, was posted as a Contamination Area. In addition, the

Exclusion Zone was designated as the canal work area up to the step-off pad at the -••.. of the

stairs. The region from the step-off pad at the base of the stairs to the top of the stairs was

designated the CRZ. A tent-like enclosure and a step-off pad were set vp outside the door at

the top of the stairs, and they and an additional 10 m2 area were designated the Support Zone.

The Support Zone was also posted as a clean Regulated Area (an administrative control for any

controlled space with a potential for surface contamination between one and ten times the guides

specified in Attachment 2 to DOE 5480.11).

All tasks performed in either the Exclusion Zone or the CRZ were controlled by daily

Radiation Work Permits (RWP). Pre-work surveys were performed before operations began each

day to document radiological conditions. Administrative limits and survey results which included

radiation and contamination levels documented on site maps formed the basis for RWP

requirements. Daily dose limits and minimum levels of personnel protection equipment (PPE)

were documented on the RWP. Generally, the minimum PPE consisted of: coveralls taped at

wrists and ankles, skull cap, Tyvek suit, 2 pairs of rubber gloves, 2 pairs of plastic shoe covers,

1 pair of rubber shoe covers, and safety glasses. Radiation safety briefings covering current

radiological conditions and RWP requirements were conducted before the start of work each day.

As conditions changed, workers were apprised of the conditions affecting them. These briefings

included planning of the work, staging the job, limiting time in specific areas of the canal, and

the use of shielding, when needed.



Contamination Controi

Zoning and posting were important elements of the contamination control program. The

area of highest contamination was designated the Exclusion Zone. The Support Zone was

maintained as a clean area. The CRZ established between these 2 zones prevented the spread

of high contamination from the Exclusion Zone to the Support Zone. In addition to this role, the

CRZ was designed to facilitate: decontamination of personnel, equipment and samples;

emergency response; and equipment resupply. Clean protective clothing, respirators, monitoring

equipment, sampling supplies, and other equipment were all maintained outside of the CRZ.

Personnel donned their PPE in the Regulated Area and entered the Exclusion Zone through the

CRZ. Tacky step-off pads were used to reduce the transfer of contamination from areas of high

contamination to areas of low contamination. Personnel exiting the Exclusion Zone removed and

segregated their outer layer of PPE before stepping onto the step-off pad and entering the CRZ.

Before leaving the CRZ and stepping onto the step-off pad leading to the Support Zone,

personnel removed their remaining PPE. Whole-body frisking was required for all personnel

exiting Contamination Areas (i.e., Exclusion Zone and CRZ). The extent of frisking required of

personnel exiting Regulated Areas was determined based on "track-out" possibility. The Support

Zone/Regulated Area was maintained free of transferrable contamination (verified by daily

surveys); therefore, only minimal frisking requirements, tops and bottoms of hands and shoes,

were implemented. All equipment leaving the Contamination Area was surveyed prior to release

to the Support Zone and unrestricted area; the administrative limits for removable contamination

for equipment for unrestricted use being 0.33 Bq/100 cm2 for a and 3.33 Bq/100 cm2 for 0-y.

Exposure Control

Prior to initiation of any work at the canal site, all workers submitted urine samples for in vitro

bioassay, and underwent whole-body and lung counting to measure and document individual
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levels of existing internally deposited contamination. Thermoluminescent dosimeters (TLDs) ware

issued to workers to monitor whole-body shallow and penetrating doses. TLDs were exchanged

quarterly at first and then monthly as personnel exposures began to increase significantly. To

track the short-term accumulation of worker doses, direct reading dosimeters (DRDs) were used.

DRDs were worn on the upper torso and checked frequently during work in High Radiation Areas

and less often when background was not a significant concern. DRD results were tracked on

a computer system and updated weekly. Administrative dose limits of 0.2 mSv d"1 and

1 mSv wk"1 were imposed on all workers for the first four months of the project. When the sand

filters and Vr\<i Tri-Nuc® system were employed, run times were longer and limits of 0.6 mSv d"1

were approved.

During operations, a multi-phased air monitoring program was conducted to determine

respiratory protection and protective clothing requirements. Since 239Pu was a known

contaminant in the sediments, 239Pu airborne contamination could not be discounted without

isotopic analyses. Results of air sample counting data were conservatively related to the

DACPu_239. Real-time air monitors were used continuously. As long as the airborne

concentrations stayed below 1 DAC, the determination for respiratory protection was left up to

the judgement of the subcontractor's radiation protection supervisor. Respiratory protection was

seldom utilized during the project. Immediately following equipment setup, a strippable coating

was applied to the exposed portions of the canal walkways to reduce the airborne contamination

levels and to protect the underlying surface from increased contamination in the event of an

uncontained spill. Herculite was laid down and dikes were built under and around equipment

with the highest potential for leaks. Whenever leaks were detected, operations were halted until

the leak was repaired and the spill cleaned up. Even small leaks halted operations because air

drying might have increased the potential for airborne contamination, possibly leading to a



respiratory protection requirement. The administrative limits for internal exposure were less than

200 DAC-hours annually and less than 4 DAC-hours weekly.

Work area surveys consisting of radiation and contamination measurements were performed

at least twice daily and more frequently if warranted. Survey results were documented in the form

of maps that were posted in each area and updated daily. Early in the project, surveys were

relatively uncomplicated. As removal operations progressed, dozens of new source terms

developed (a.g., sediment and spent filters accumulating in drums stored out of the water,

internally contaminated transfer lines, and pumps) and contributed to increases in the general

area background. Drums of spent sand filter media, reading from 52 JJC kg"1 h'1 to

181 fjQ kg"1 h"1, were stored on the back side of the canal wall to help lower the general area

background. As sand filters were backflushed into the HIC, the dose rate from the HIC

increased, eventually reading about 181 //C kg"1 h"1 on contact, until its contents were sampled

and transferred to the LLLW system.

Exposure Evaluation

The radiological cost for this portion of the project (sediment removal and packaging) was

approximately 60 person-mSv. The highest individual dose was estimated at 12.8 mSv. Extremity

dosimetry was used for a 2-wk period during which the contents of drums were being

consolidated. No individual exceeded the administrative extremity limit of 10 mSv wk"1. The

highest reading for extremities on one individual was 7.19 mSv and 6.25 mSv for the left and right

hands, respectively.

The sediment removal operation entailed several tasks that contributed to personnel

exposure, including:

1. On one occasion before the "catch" drum was installed, hot debris lodged in the primary

pump, necessitating repair when cycling the pump failed to dislodge the debris. Partial
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disassembly of the pump, reading 116 //C kg"1 h"1 at contact, was required to

return it to service.

®

2. Approximately 50 filter changeouts were required with the Tri-Nuc system. Each

changeout involved 4 filter elements. Before draining the water, each Tri-Nuc filter

element measured about 0.6 rr,Gy h"1 0-y. Drained, each element measured about

1 mGy h"1 /? and about 7.7 /yC kg"1 h"1 y. Approximately 200 of these filter elements

were handled over the course of the project.

3. The contents of the "catch" drum and the sand filters were another source of high

exposures. Personnel received significant exposures in short periods during the waste

sampling and packaging phase of operations. The contents of the "catch" drums were

manually consolidated into 2 drums. Because of the size and viscosity of the debris in

the drums, suction transfer was not feasible; thus, personnel used a scoop to transfer

the contents from one drum to the other. When it was not possible to scoop the

contents further, the drums were manually inverted and rinsed, one into the other.

Plastic face shieM? were used in case of splashing. Extremity dosimetry was utilized

in later stages of the consolidation task. The consolidated drums were stored partially

submerged in the canal to be dewatered.

4. While the drums were being dewatered, other waste consolidation and removal tasks

were being completed in the vicinity of the radiation field created by these drums. The

general area background was 116 pC kg"1 h"1 at the edge of the canal but decreased

rapidly with distance. The consolidated drums read 2.1 mC kg"1 h"1 and

4.6 mC kg'1 h"1 near contact at the top and 0.2 mC kg"1 h"1 and 0.5 mC kg"1 h'1 at

46 cm above the tops, respectively. These drums could not be completely submerged

while they were being dewatered. The highest readings on the 3 sand filter drums were

181, 103, and 58 mC kg"1 h"1 at contact.
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5. Before these 5 drums were moved to SWSA 5, they had to be resampled because

insufficient RCRA and isotopic analyses had been performed initially.

6. Removal of the 2 highest reading drums *rom the :anal required pulling the drums up

and out of the canal without shielding and placing then: into shielded casks waiting

outside. To reduce the possibility of unnecessary exposure to uninvolved personnel,

the transfer from the canal was performed on a Saturday afternoon. The locations of

the drums in the canal limited the extent of surveys. When the drums were pulled up,

one at a time, the actual dose rates where much higher than expected. Sand drum #1

(2.1 mC kg"1 h"1 partially submerged) measured 6.5 mC kg"1 h'1 at contact and

9 pC kg"1 h"1 at 5.5 m. Sand drum #2 (4.6 mC kg"1 h"1 partially submerged) measured

10.3 mC kg'1 h"1 at contact and 20.6 yC kg'1 h"1 at 5.5 m.

LESSONS LEARNED

During the performance of radiological work and the handling of radioactive materials,

abnormal events may occur which could indicate a weakness or area of programmatic

breakdown of radiological controls. Analysis of these events should reveal where improvements

can be made or identify methods to prevent the recurrence of undesired results.7 Some

significant lessons learned from the analysis of the sediment removal operation are described

below.

1. Deviations from technical criteria1 and Environmental, Safety and Health requirements

were noted resulting in increased exposures to personnel, including internal

contamination. In accordance with DOE Order 5480.19, "Guidelines for the Conduct of

Operations at DOE Facilities," a well-established and maintained equipment labeling

program was a requirement of the technical specification.1 However, poorly labeled

waste transfer lines were responsible for the contamination of an operator and a RP
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technician when they breached a line that was thought to be depressurized. The

operator ingested contamination resulting in a total committed effective dose equivalent

of 25 //Sv.

2. Portable shields to reduce personnel exposures should be used whenever practical.

Insufficient use of shielding contributed to the elevated general area background in the

canal room. Portable shields should have been used around contaminated equipment

and waste receptacles.

3. To preclude unnecessary transfers and additional exposure to personnel, operations

should ensure that the intended waste container meets the WAC.1 Additional exposure

to personnel resulted during the transfer of contents from carbon steel drums to

stainless steel drums. The carbon steel drums did not meet the WAC.1

4. Prior to performing destructive analyses of samples, the extent of the analyses and the

specific procedures to be followed should be clearly understood by the analytical

laboratory. Insufficient analytical results required resampling drums for reanalyses. This

resulted in increased personnel exposure and the increased potential for the spread of

contamination.
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