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to plant workers were minimized or eliminated while meeting the requirements of RCRA regulations and DOE
Orders.

The details of the project, including the contracting issues, the radiation and hazardous chemical hazards, the
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to workers.
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Introduction

At the Department of Energy's (DOE's) Oak Ridge National Laboratory (ORNL)

a unique closure was accomplished fc,r a storage canal that contained both hazardous

chemical contaminants controlled by the Resource Conservation and Recovery Act (RCRA),

and radioactive contaminants controlled by the Atomic Energy Act (AEA). During 1991 and

1992, after approvals were received from the DOE and the Tennessee Department of

Environment and Conservation (TDEC), subcontractors to DOE's Construction Manager

were mobilized and remote controlled equipment was operated on site to remove the RCRA

and radioactive contamination (referred to hereafter as mixed wastes) from the 3001 Storage

Canal at ORNL. After numerous "surprises" during the removal activities, each requiring

problem resolution and approvals from DOE and TDEC, the canal closure was completed



in September 1992 and final closure certification was submitted to TDEC in October 1992.

The following discuss2on describes the learning experiences that ORNL and DOE acquired

from a RCRA closure project for a mixed waste storage canal containing high radiation

levels. The project was successful, especially since worker exposures were minimized, but

was lengthy, requiring 30 months from notification of a leak in the canal until final

demobilization of the subcontractor, and expensive to complete (total overall cost of $3

million).

Background

The 3001 Storage Canal is located under portions of Buildings 3001 and 3019 at

ORNL and has a capacity of approximately 62,000 gallons of water. Deionized water has

been kept in the canal to serve as shielding from the radionuclide contamination inside the

canal. The term "canal" has historically been used to identify this structure although the

canal can be visualized as a below-ground, reinforced concrete structure which satisfies the

RCRA definition of a storage tank (see Figure 1). The L-shaped canal has a north-south

leg under Building 3001 which is 76 feet long and 7 feet wide. The east-west leg extends to

Building 3019 and is 76 feet long but is only 5 feet wide. A 21.5 feet deep pit is located at

the northern most end adjacent to the Oak Ridge Graphite Reactor (see Figure 2). The pit

is 7 x 8 feet with its lower walls lined with ceramic tile set in a waterproof grout. The

remainder of the canal slopes from 10.5 feet at the Building 3019 end to 11.5 feet at the

edge of the pit on the Building 3001 end. The canal floor and walls are bare concrete and

have absorbed long-lived fission products, cesium-137, cobalt-60, strontium-90 and possibly

transuranic metals such as plutonium-239, plutonium-238, and americium-241. The canal
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FIGURE 1.1 VIEW DOWN THE LENGTH OF 3001 CANAL
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is in the lower level or basement of each building with limited worker access, and is kept

filled with water to provide shielding from the radionuclides absorbed in the concrete walls

and floor.

The storage of RCRA hazardous chemical materials was not the original purpose of

the canal but an accumulation of residual sediments containing heavy metals occurred on

the canal floor. From 1943 through 1963, the 3001 Canal was used as an integral part of

the system for handling irradiated fuel from the Oak Ridge Graphite Reactor. Because one

of the main, initial purposes of the reactor was to produce plutonium for the radiochemical

processing pilot plant in Building 3019, the canal was designed to be the connecting link

between the reactor and the pilot plant. During the war years, natural uranium slugs were

irradiated in the reactor and then pushed out of the graphite matrix into the system of

diversion plates and chutes within Building 3001, which directed the fuel into the deep pit

of the canal. The freshly irradiated fuel slugs "cooled" in the deep pit, and then were moved

underwater down the length of the canal to the Building 3019 end, for processing in the

radiochemical processing pilot plant. After shutdown of the reactor, the canal was no longer

needed for its original purpose. Since 1964, the canal has only been used to store

radioisotopes and irradiated samples under water for radiation protection. Due to previous

breakage of some of the fuel slugs, a light "fluff' of sediments had built up over the years

in the bottom of the canal. The sediments were tested in 1990 and found to contain heavy

metals such as lead and cadmium, along with cesium, cobalt, and plutonium. The overlying

water in the canal was not found to contain suspended heavy metals unless the water was

disturbed by stirring, at which time the sediments would disperse in the water until allowed

to settle again.



Initial Plans

In April 1990, a preliminary RCRA closure plan was prepared that explained that

RCRA and radioactive contamination was identified within the canal sediments, and outlined

that the intent of DOE and ORNL was to remove the fuel slugs and accumulated metal

from the canal along with the RCRA contaminated sediments on the bottom of the canal

(see Figure 3). The state of Tennessee had been notified earlier in the year via a spill

report submitted for the 3001 canal which explained the water in the canal was leaking at
i

the rate of approximately 400 gallons per day. 1 Even though no cracks in the canal walls or

bottom had been observed, the water leak(s) was suspected to be from small gaps in the

construction joints running transverse in the canal and along the wall-floor intersection.

Since the groundwater table in the vicinity of the canal was measured to be roughly the same

elevation as the bottom of the canal during two seasons of the year, the leaked water was

assumed to be flowing directly into the groundwater table. The size of the cracks which

v,ould allow approximately 400 gallons per day leakage was estimated to be very small, and

leak detection could not be devised while still providing worker protection from the

radioactive contamination in the walls of the canal. To address concerns from the state of

Tennessee, a health risk assessment of the potentially leaking heavy metal sediments or

radionuclides was finalized in July 1990. The health risk assessment was intended to identify

the potential health risk, if any, to the surrounding occupational population from the existing

water leak. The finding of the assessment was that, "There appears to be no significant

health risk caused by the leak from the canal at present. ''2 The lifetime excess cancer risks

for cobalt-60 or cesium-137 as external radiation from groundwater containing leaked canal

water were calculated to be between 1.5 x 10.5 to 8.5 x 10 "6, which was well within the
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Environmental Protection Agency's (EPA's) "no-action" limit at sites undergoing remedial

actions under EPA's Superfund program. Despite the low calculated risks for the water leak

from the canal, the decision was made by DOE in conjunction with TDEC that the canal

sediments should be removed, and the water leak should be stopped if possible.

Evaluation of Technologies and Development of Alternatives

Development of the various closure alternative was conducted in parallel with the

regulatory dialogue being conducted with the TDEC. Initially several technologies were

considered in developing the original planned approach and scope for the RCRA closure

activities. 3 The technologies were grouped into four categories for consideration:

(A) source, (B) pathway, (C) carrier, and (D) receptors. Each of the four categories had

the objectives for both reduction and removal. The combination of the alternatives had the

objective of removing the contaminated material from the bottom of the canal and the walls,

totally eliminating ,he leak from the canal, and providing radiological shielding from the

canal. The technologies considered and their applicability are as follows:

(A) Source Removal

The source approach considered scarification of the concrete within the canal and

deminerization of the canal water to reduce the radiological contamination from the canal.

Removal of the RCRA contaminated sediments was considered the primary action required

to elimination of the source term. Since the concrete was known to be contaminated with

radionucliudes and possibly with RCRA materials, removal of the concrete was also

considered though determined not to be feasible. Options which were considered included:



(1) Concrete Scarification - Radionuclides were expected to be absorbed into and onto the

concrete surfaces and would require removal of the immediate surface area. The isotopes

of concern were cesium-137, strontium-90, and cobalt-60. The bulk of the radioactivity was

expected at the water-concrete interface. An ultra high pressure water rotating scarifier tool

was determined to provide the best results for removing the immediate concrete surface

contamination. Operating with up to 65,000 psi this technique had been used in removing

concrete of depth down to 1/4 of an inch underwater. The system required about 10 gallons

of water for cooling and 2 to 4 gallons of scarifying water per minute. The cooling water

could be recirculated and released to the environment if required while the scarifying water

would add approximately 4 gal/min to the canal volume. A rotating jet scarifier would be

mounted to a jig equipped with guides rails parallel to the walls. The rigging requirements
i

for this type of operation are a major contributor to the time and expense of this technique.

(2) Canal Water Demineralization - The equilibrium concentration of radioactivity in the

water was about 3x10 s _Ci/mL. Make-up water to the canal had no radioactive content and

an ion exchange unit recirculated water at a rate of about 18 gal/min. Demineralization was

considered to reduce the concentration of radionuclides in the water. The increased

deminerization could be accomplished by adding a temporary demineralization system,

consisting of a pump, a series of demineralizers, and a valve manifold system. This process

would maintain the water shielding while reducing the ionic activity in the water. Algae

present in the canal was also considered to contain radionuclides and would therefore need

to be sterilized, flocculated to settle any suspended solids, and removed as a part of the

sediment removal activity.



(3) Sediment Rernoval- The RCRAcontaminationconsistedofsedimentscontaininglead

and cadmium particles, or "pool lint," at the bottom of the canal. The approximately one-

half to one inch layer of sediments was spread evenly throughout the length of the canal.

The maximum volume of sediments and plgae to be removed was estimated to be less than

1000 gallons initially. Sediment removal could be accomplished using a combination of

hydrovacuum techniques and filtration. The sediments would be suspended by the water

velocity developed through a vacuum head. The suspended sediments sucked in through the

vacuum head would be delivered to a processing system. The potential for "hot debris"

existed from previous operations of the canal. The "hot debris" were expected to be very

dense and could contain significant quantities of radioactivity. The differing physical

characteristics of these debris from those of the bulk sediments made it possible to separate

them from the sediments. The remaining finer sediments, were expected to be less

radioactive and could be processed by more conventional means. The general principal of

the processing train would be to "knockout" larger debris initially and pass smaller particles

to a set of parallel filters which would serve to collect sediments on filter media. As the

pressure builds across the filters, the collected sediments would be backwashing to a series

of collection drums. Collected sediments would be later sluiced and handled through the

ORNL Liquid Low Level Waste (LLLW) processing system. Two sets of filters placed in

parallel were considered to provide the best operational efficiency by allowing on-line filter

changes. Two filters per flow path were recommended for two-stage filtration (bulk removal

and polishing). Filters that could not be backwashed would need to be removable for

possible solidification or stabilization.



(4) Concrete Removal - As Inentioned earlier, the canal is a concrete structure located

below the building grade. Portions of the canal area share walls with buildings 3001 and

3019. The porltion of the canal walls below the canal room floor are 1-1/2 foot thick, while

portions above the floor are 9-in. thick. Removal of the concrete structure would eliminate

a major source of radiological contamination and possible RCRA contamination if the

RCRA metals had leached into the concrete. Removal of the concrete structure would be

an ex_tensive effort. Prior to the removal all the contaminated sediments and the water in

the canal would have to be removed. Controlling airborne contamination during concrete

removal would be a major consideration. The primary technique considered was wall sawing

using a diamond wheel. Sections of the canal w_ql would be cut into slabs an0 lifted out.

Lifting the blocks from the canal walls would require extremely compact rigging equipment

due to the low head space and limited side working area, The slabs would be required to

be suitably wrapped or coated to contain the residual radioactivity and then further removed

from the canal area. The backfill areas from which the slabs were removed would require

sampling and analysis for possible RCRA and radiological contaminates. Actual removal

of the concrete canal was considered but found to be possibly appropriate for future

remediation activity under the Comprehensive Environmental Response Compensation and

Liability Act (CERCLA) for the building cleanout rather than a single isolated RCRA

closure for the Canal.

(B) Pathway Removal

The next major category considered was the reduction or elimination of the pathway

by which contaminates were leaving the canal. The use of bentonite clay, caulks, and

fixatives were considered to close the pathway of contaminant flow. Placing a liner in the



canal was considered for the complete elimination of the contaminate pathway.

(1) Bentonite Clay Seal - The leak was considered more than likely to occur along the canal

concrete construction joints. Construction drawings of the canal indicated the use of copper

water stops and oakum as standard construction materials. Over time these joint materials

may have deteriated and provided a pathway for contaminate flow. Most of the construction

joints are located along the intersection of the canal floor and walls. A bentonite clay pellets

application directed at these known joints would put t, use the bentonite clay's coagulating

capability to expand and fill voids. The hydraulic gradient between the canal and the

surrounding water table would serve as the driving force to locate an; leaking joints and plug

them. An application of bentonite clay in a dust form would be suspended in the water

column to allow the bentonite to seek out any leaks in the canal walls. The coagulating

capability of the clay would come into play to plug any pathways. The downside of using

bentonite clays would be that any addition of materials to the canal would make future

remediation activities more difficult by increasing the amount of contaminated waste.

(2) Caulk/Patch Joints - Standard sealing techniques were investigated including using

caulking compounds, epoxy, and silicone. While underwater techniques are available, most

require direct application with hand tools. The radioactive environment of the canal would

require remote application using long reach tools to protect workers from radioactivity

exposures. Also considered was the application along the vertical wall construction joints

of grout or silicone. This would require core drilling vertical holes through the floor of tile

canal area and pumping in expansive grout material. A similar technique could be used



along the joints in the floor of the canal. The requirement to use long reach tools, unproven

performance of sealing materials applied remotely in water containing radionuclides, and the

confined area to perform drilling operations left use of this technique low on the priority list.

(3) Fixatives - These materials would prevent the migration of surface contaminants (heavy

metals and radionuclides). Fixatives are available in the form of both paints and epoxies.

Most of these materials require a dry surface for application. One epoxy material was found

suitable for underwater application but the manufacturer could not guarantee satisfactory

performance in a radiological environment. Coating the walls and the floor of the canal

could be performed using this epoxy material. This coating would be applied as a final step

of canal closure after joints had been patched.

(4) Canal Liner - Sections of synthetic liners made of Hypalon and polyvinylchloride could

be installed to provide a watertight seal along the walls and floor of the canal as well as

provide a shield from the radioactivity contained in the concrete. Due to the shape and

length of the canal five separate liners would be required. Installation of the liners would

require at least a four step process: 1) float the liners into position; 2) pump canal water

into the liners; 3) continue pumping until the filled liners displace the canal water and

settled into position; and 4) attach the liners to the inner surfaces of the canal walls above

the water line. While this alternative, successfully installed, would provide the best complete

solution to the problem encountered with a leaking canal, the likelihood of a successful

installation was very doubtful. Great difficulty has been experienced by installers of synthetic

liners in ideal conditions. Installation of a liner underwater was considered to be near



impossible with today's techniques. One constraint omitted in considering the installation

of a liner was the interaction of the canal water with groundwater. Based upon data

gathered daily on the rate of make-up water added to the canal it appears that the water

table is occasionally above the floor of the canal which would indicated that if a leak were

located below the water table there was a chance that ground water would flow into the

canal. Such a flow would tend to work against tile effectiveness of a synthetic liner.

(C) Carrier Reduction

The third category, of alternatives focused on the reduction or elimination of the

carrier of the contaminants. Considered under this category, were solidification onsite of the

sediment, solidification of the canal water, draining the water from the canal and back filling

the canal with sand, concrete, or bentonite clay.

(1) Solidification of Sediments - This method would be applied to consolidated sediments

that had been filtered of any "hot debris". The consolidation would have been performed

by collecting the sediment on filters and backflushing to a collection vessel. The

concentrated sediment would be removed from the collection vessel and placed in drums to

be solidified. The product waste would be inspected to make sure solidification was

accomplished to produce a free-standing, non-friable product. The solidified drums could

be stored in the canal or in appropriately shielded areas temporarily until shipped to a waste

disposal facility.

(2) Solidification of Water - Consideration was given to solidifying the water in the canal

using chemical and physical binders. Filling the canal with concrete would be a chemical



process. Physical binders incorporate the water in closed cell sponges, as with DOW binders

and with the urea formaldehyde. While mixin_replacing the 62,000 gallons of water in the

canal with a physical or chemical binder would stop the leak, immobilize any RCRA-

contaminated sediments, and provide excellent shielding from radiological constituents, the

negative impact to future final remediation under CERCLA would be that the material

would require an extensive effort to remove. Due to this concern, this technology was

eliminated from consideration. Filling the canal with concrete was seriously considered and

will be discussed below.

(3) Canal Water Removal- The canal water could be removed and treated in three ways:

(a) pumped as-is, to the ORNL LLLW system using existing piping; (b) processed by the

existing ion-exchanger and the effluent pumped to the ORNL LLLW system, and (c)

processed by the existing ion-exchanger units and placed into a local hold tank which could

be sampled, analyzed, and processed through the ORNL process water waste system if

acceptance criteria were met. Removal of the water would stop the diffusion of

radionuclides from the concrete back into the water and eliminate the transport medium for

any possible future release of radioactive or hazardous material. The dry. canal would

present an airborne radiological control problem as well as possibly a groundwater intrusion

problem. For any dry. canal plan. additional measures would be required for control of

contamination and radiation.

(4) Backfill Canal- The dry canal could be lined and filled with sand or earth. The backfill

would decrease the airborne radiological problem from removal of the canal water, negate



any groundwater intrusion problems, and would prevent an inadvertent entry into the canal.

If a wet placement were desired, the sand could be placed into the canal after

deminerization of the water and the installation of a liner inside the canal. The water would

have to be pumped out as it was displm ed by the water. Any solid material placed in the

canal would probably become radioactively contaminated over time and increase waste

volumes for any final CERCLA remediation activities of the facility.

In late 1991 serious consideration was given to proposing to TDEC the final closure

of the canal by filling the canal with either sand, bentonite clay or concrete. DOE conducted

a feasibility study on using these three materials. Each was found to be suitable as a final

closure alternative and would provide adequate radiological shielding.

Sand had the only limiting characteristic in that it would not eliminate small amounts

of infiltration/exfiltration of groundwater. The sand would be installed using a water

eductor or by a conveyor system. The water eductor was selected as the primary method

since it would permit a faster operation, be less labor intensive, require less equipment

rental, less construction support materials and provide a better means of placing sand below

the building 3019 section of the Canal. Costs of the sand installation was estimated at

$289,000.

If selected, the bentonite clay would be placed in 4 foot lifts to control hydration and

allow the development of an in-place density of between 74 and 85 lbs/ft-'. The final in-place

properties of bentonite can vary greatly depending on the length of hydration. The final

bentonite surface would not support any appreciable loading and would require continued

protective cover of the canal. Bentonite provides a good sealant against groundwater

intrusion but its application might require the use of air purifying respirators. Costs of the



bentonite clay installation is estimated at $318,000.

The proposed methods of placing concrete into the canal were the layer method or

the advancing slope method. The advancing slope method was considered more desirable

to control the water elevation in a displacement operation. Tile concrete would be tremied

into place. Tremie placement of concrete was the only positive way to fill the sloped canal

section under the Building 3019. Concrete also provides the best sealant against

groundwater intrusion. Costs of the concrete installation was estimated at $267,000. Based

upon all the factors essential to final closure concrete was considered to be the best material

for final closure of the canal. However, since based upon the lack of a substantial risk

associated with the leak from the canal (see section on risk assessment) DOE decided not

to pursue final CERCLA remediation of the canal under the RCRA Closure Project.

(D) Isolate Receptors

The last category, of actions that were considered are those that would isolate or

reduce the access to receptors. Shielding the canal and installing slurry walls around the

canal were considered as isolation techniques. The installation of groundwater pump down

wells was considered.

(1) Canal Shielding Cover - In the past, the radiation levels from the absorbed radioactivity

in and on the canal ,.vails required additional shielding. In the 1950s the walls of the canal

were raised 1-1/2 feet in order to raise the water level to reduce the radiation levels from

the "bathtub ring" of radiation. Concrete panels spanning canal walls would provide

radiological shielding from the canal walls and also prevent any foreign materials from

entering the canal after cleanup activities. This alternative would be appropriate if the



option to remove the water from the canal were exercised.

(2) Slurry Walls around Canal- This alternative technique required the installation of slurry

walls between the interface of the exterior wall/floor and the surrounding backfill material.

A narrow excavation that encircles the entire canal would be dug to bedrock. The walls of

the excavation would be stabilized by filling the excavation with a mixture of water and

bentonite clay suspension. The hydraulic gradient would force the suspension into the walls

of the excavation. The bentonite clay would build, seal, and support the walls of the

excavation. The material removed from the excavation would be mixed with native clavs and

bentonite clays to make the blend more impervious than the excavated material. This

blended mixture would be placed into the excavation and form the slurry wall. Accessibility

to the area requiring excavation and the large number of underground utility systems would

make this alternative very difficult.

(3) Pump-down Wells - This alternative would be employed along with the alternative to

remove all water from the canal. The pump-down wells would be placed near the canal to

suppress the local water table below the bottom of the canal. The wells would be controlled

by instruments to automatically maintain the local groundwater level.

Closure Alternatives

Thirteen closure alternatives were identified using various forms _)f the closure

technologies. The basic approaches fell into control of either the source, contaminate

carrier, or pathway. Five alternatives were considered as probable candidates for the final



closure application.

4,11candidates required removal of the RCRA-contaminated sediments, which was I
i

the primary alternative. Upon removal of the sediments the canal water would be

maintained at the current level for shielding. No effort would be made to stop the water

leak. The second alternative followed source reduction with the application of bentonite clay

to mitigate the canal leak. The canal water would also be maintained at current level. The

third alternative required the installation of a synthetic liner rather than the use of bentonite

clay as a means of mitigating the leak. The fourth alternative required the application of

bentonite clay followed by the installation of the synthetic liner. The fifth and final

alternative focused on reducing the RCRA and radiological source of contamination by

following sediment removal with scarification of the canal concrete, draining the water from

the canal, and applying fixatives.

Closure Technol%, W Alternatives

An Interim RCRA Closure Plan was written for the canal closure project and subm.,ted

to the TDEC in November 1990. 3 The closure plan provided for:

-removal of fuel elements and radioactive metals before closure began,

-demineralization of the canal water,

--cleaning of the concrete walls.

-sediment removal usii_g a combination of hydrovacuum techniques and filtration,

-installation of bentonite clay seals _tlt)ng the canal joints, and

-insertion of sections of synthetic liners to provide a watertight seal along the walls

and floor of the canal.



All of the above steps were proposed to be accomplished while leaving the water in the

canal and while protecting workers from exposures to radiation.

The State of Tennessee moved fairly quickly to approve the RCRA closure plan, and

after public notice and comment, on June 3, 1991, the TDEC approved the Interim Closure

plan. The state approval began a regulato_ clock which allowed ORNL up to 180 days to

begin and finish cleanout of the canal sediments.

State Regulat0_ Interface

Pre-bid meeting were conducted in the spring of 1991 with prospective subcontractors

having experience in cleanup of high radiation areas provided ORNL with estimates of

feasibility and costs for installation of clay barriers and synthetic liners. After considering

the high costs and limited work environment in the canal area, it was decided by ORNL and

DOE that the Interim Closure Plan was too aggressive in promising that a clay and synthetic

liner would be installed in the canal after the RCRA sediments were removed. The state

RCRA staff was contacted in late 1991 to discuss options and the need to revise the

previously approved RCRA closure plan. The Environmental Restoration (ER) program

at ORNL had intended to take over the management of the 31)(11canal after the RCRA

closure had been completed, to allow for review and prioritization of final cleanup of the

radioactive contaminated canal under EPA's Comprehensive Environmental Response

Compensation and Liability Act (CERCLA), as implemented at ORNL. In fact, the RCRA

Interim Closure plan had been written to explain that when the RCRA sediments were

removed, the ER program would then continue CERCLA assessments to determine what

additional remedial actions would be _tccomplished for the canal under CERCLA or under



DOE's decontamination and decommissioning program for surplus federal facilities. With

that in mind. discussions with state RCRA staff keyed on what cleanup was crucial to be

accomplished for the 3001 canal before the facility reverted to the CERCLA program at

ORNL. Discussions with the state confirmed that if the RCRA contaminated sediments

were removed from the 3001 canal and the waters were tested to be free of lead and

cadmium, plus given the previously mentioned findings of the ORNL Risk Assessment for

the leaking water, that the clay and synthetic liner installation was not crucial to the RCRA

closure part of the canal project. With those agreements, ORNL was allowed to revise the

RCRA closure plan to delete the future clay and/or liner activities from the closure plan, as

revised in December 1991. The TDEC reviewed and agreed with the revised closure plan,

approving it after public notice and comment period (the second time) in March 1992.4

Design and Operations Considerations

Based upon this decision to remove a performance specification was developed to be

used as the basis of bids in a fixed price subcontract to be awarded and administered by

DOE's construction manager, M-K Ferguson. A performance specification was the contract

vehicle prepared to achieve one of the key goals of the closure plan, which was removal of

the RCRA material from the canal. To understand the nature and extent of the cleanup

operations as outlined in the specification and as was executed by the contractor, it is

important to realize the nature of the problem as defined to the contractor, and ,,,nat

criteria the contractor was going to be judged against in determining adequate and

appropriate compliance with the procurement specification.



Three very. important sections of the specification key to successful execution of the

contract and compliance with the closure plan were: (1) description of the sediment; (2) the

waste acceptance criteria that the contractor had to meet for all wastes produced as a result

¢_fthe closure activities; and (3) the contract completion criteria.

An important consideration that had to be taken into account during the planning and

execution stages was the nont,omogeneous nature of the waste material in the canal, e.g.,

sediment of various densities, and pieces of debris and miscellaneous scrap material that had

accumulated since it was built in 1943. The actual processing systems that were to be

installed had to allow for flexibility and adaptations.

The waste acceptance criteria were the drivers for establishment of the types and

capacities of waste processing options that would most cost effectively meet the reauirements

for the various waste forms produced by the cleaning operations. It was important that

during the solution of one problem, the removal of RCRA hazardous materials from the

canal, the creation of additional problems were avoided or at least kept to a minimum.

Contract completion criteria for this project followed requirements of the closure plan

which consisted of the following: acquisition ot seven aliquot samples collected by

hydrovacuuming seven randomly selected 5-ft strips along the bottom and edges of the clean

canal, obtaining and analyzing a composite sample of four aliquot samples or' the bulk water

in the canal, with the water being collected from four lt_cations equally spaced along the

canal: and performing the appropriate analysis on these samples, i.e., RCRA Toxicity

Characteristic Leacheate Prc_cedure (TCLP), to determine it"the criteria for classifying the

material as nonhazardous wastes were achieved. The contractor was also required to

remove all sediment such that a visual inspection performed following the cleaning would



not detect the presence of sediment.

Based on characterization data, process knowledge, facility experience, and the

physical and operational constraints imposed as a result of the location and configuration

of the canal, three basic operations, in addition to the actual sludge removal process, e.g.,

a hydrovacuum, were believed required for baselining the processing system for the remow_l

the RCRA and radiological sediments from the canal. The operations included, algae

control, straining and gravity removal of the larger or heavier particles, and filtration to

separate the finer sediment and algae from the canal water. Additional processing was

expected to be required to treat secondary wastes produced from the cleaning operation to

allow for compliance with waste acceptance criteria established for interfacing with ORNL's

existing waste treatment, storage and disposal systems. This was the baseline processing

system that was presented in the specification, however it was left to the contractor to

develop a system that they wanted to implement, since many of the firms proposing on the

project had industrial experience unique to their firm and had developed their own

processing systems. [The needs for developing the baseline were to verify the technical

validity of a remediation technology and to develop a cost for project management

requirements.]

Design and Operational Constraints Imposed on the Clean Up Operations

Due to the unique location and characteristics of the canal and the sediment that was

the primary, focus of the closure activities, many significant requirements and constraints

were imposed through the contract specification for the execution of this work. Examples

of some of the constraints are discussed below.



Realizing the potential for the existence of debris, especially hea_ier particles that

might have been deposited in the canal during past operations, which could have significant

radiation levels (Rem/hr), emphasis was placed on ALARA principals regarding the clean

up campaign and the design and operation of the systems to accomplish the clean up. One

significant action taken to address these concerns was by the subcontractor's proposal to

implement remote operations for essentially all phases of the sediment removal and

processing activities.

A major secondary waste stream that was anticipated from the clean up operation

was the production of a liquid waste stream that would contain a significant fraction of the

light sediment from the canal which could be discharged to the ORNL Liquid Low Level

Waste (LLLW) system. However, to prevent detrimental impacts on the existing system,

waste acceptance criteria had to be developed. These criteria focused on the physical

constraints of the LLLW system. The waste acceptance criteria specific for this waste

stream, developed for the LLLW system were: the maximum quantity of waste that could

be discharged to it could not exceed 6,000 gallons; and that the waste stream had to be

processed through a 1 mm strainer to prevent any damage to the operating system at a flow

rate of 30 gal. per minute.

Other waste acceptance criteria addressed waste form requirements for transuranic

waste, solid low level waste, and liquid low level waste; waste packaging, sampling and

analysis requirements; and labeling and documentation requirements. An additional goal

of the waste acceptance criteria was to prevent the addition of materials during the clean

up operations that would have created additional problems for waste management and

disposal activities. To achieve this goal a section of the specification addressed materials



that were excluded from the wastes produced by the clean up operations.

In addition to ORNL health physics and industrial hygiene site specific requirements,

and the applicable DOE Orders, the subcontractor had to follow 29 CFR 1910.120 which

required establishment of a medical surveillance program, specific training for workers in

hazardous operations, development of a comprehensive work plan and a site, safety and

health plan for the specific work activities.

SEDIMENT REMOVAL AND TREATMENT TECHNOLOGIES

The subcontractor, after factoring in all the project constraints, requirements and

knowledge provided on the site conditions, installed a sediment removal and processing

system. The initial approach that the contractor followed for the cleaning operation utilized

a remote controlled robot that was connected to the suction side of a centrifugal pump via

flexible hose. The robot was a fully submersible tethered six wheeled vehicle equipped with

a video camera to provide remote operating capabilities. An additional feature of the robot

was the attachment of a radiation probe to give continuous readings on the radiation levels

of the sediment that was being passed over or picked up through the suction side of the

robot. Also, radiation readings in the canal confirmed that the background radiation level

at the water surface was on the order of 1 mRem/h, and initial radiation fields on the

bottom of the canal ranged frown 1 up to 700 Rem/h. It was later found that many of the

contamina:ed objects on the canal floor had much higher levels of radioactivity, with dose

rates up in the thousands of Retain. A screen on the suction kept particles greater than 3/8"

from being passed into the system. The discharge from the robot went to a "knock out

drum" which was a 55 gallon drum modified to act as a sedimentation chamber to allow for



the removal of the larger heavier particles such as sand and concrete particles (see Figure

4). The knock out drum emptied via the centrifugal pump into the dual basket strainers or

filters which discharged into a vessel that served as a filtration unit, PV-45. As a polishing

step the effluent from PV-45 could be processed through a demineralizing vessel, PV-46,

before being discharged back into the canal. Secondary waste streams produced by this

configuration included the heavier particles removed in the knock out drum, the particles

trapped in the strainers, the sediment trapped in PV-45 and the ion exchange media,

including any trapped sediment, in PV-46.

As previously stated, one of the goals was to create waste streams that could be

managed by the existing systems at ORNL. Achievement of this goal was approached by

the configuration of the contractor's processing system. The backwash from the strainers,

the filters, and the ion exchange columns was determined acceptable for discharge to the

LLLW system. Therefore these streams were collected, sampled, and if given the go ahead,

pumped to the LLLW system.

Several operational problems occurred during the running of this configuration.
Through normal movements of the robot along the bottom of the canal, sediment would be

suspended at concentrations that impaired the ability of the operator to know the status of

the robot in the canal. This resulted in the operator essentially working blind. As ORNL

staff and the subcontractors began preparing for the removal activities, numerous "surprises"

were discovered concerning materials in the depths of the canal. Previous visual inspections

of the canal water and bottom had led ORNL to believe that most of the previously stored

fuel elements had been removed, and that the canal floor was relatively free of obstructions.

That was found not to be correct. Over the years of use, a multitude of objects had been
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dropped into the canal. Small objects such as washers, nuts, bolts, rods, tools, par'locks,

wire, lead bricks, pens, pencils, wood 2 x 4's, and concrete chips were observed on the

bottom of the canal. Most of these obstructions were covered by dust/film, algae growth,

and spalled concrete which added to the amount of material to be removed from the canal.

In some cases the debris was too large for the robot to handle or maneuver around and the

operators using long reach tools to sweep the debris into piles to be scooped up and placed

into buckets that were placed in the bottom of the canal. A total of four stainless steel, 5

gallon buckets, and five stainless steel, 55 gallon drums were left on the canal floor. The 5

gallon buckets held the higher activity debris that was picked off the floor, while the 55

gallon drums held objects such as chunks of concrete, bolts, nuts, washers, wire, and tools.

A major problem that plagued the cleaning operations was the presence of algae in

the canal• The algae created two types of problems, one was the problem brought on by the

algae hindering the visibility of the operators and the second was the actual problems

created by the algae plugging the liquid solid separations equipment, e.g. strainers and filters.

To further complicate the situation, the obvious algicide of preference, chlorine, could not

be used due material compatibility concerns downstream in the LLLW system, therefore the

contractor through trail and error, eventually found a chemical, which contained copper, that

appeared to work effectively to control the algae. An algicide containing hydrogen peroxide

: appeared to work for a short operational period but soon a strain of algae resistant to the

chemical seemed to flourish.

Other operational problems that occurred included the knockout drum filling with

sand and concrete particles requiring the system be shut down for the installation of a new

drums. The strainers would become plugged after short run times with algae and other



material from the canal, requiring the operators to shut down tile cleaning processes to allow

for the removal of plugged media, either through backwashing or removal and replacement

of the screens and filter fabrics.

Flocculating agents were tested, via improvised jar testing, to determine if such an

additive would assist in keeping the suspended solids levels down thereby allowing better

visibility and control during the cleaning operations. One agent was determined to be a

good candidate and was utilized during the cleaning operation.

Several modifications to the original flow sheet were performed to enhance the

cleaning operations. The configuration that appeared to have performed exceptionally well

was a combination of some of the equipment from the original flow sheet with a few new

processes and modifications as described below.

A modification made at the pick up point was to utilize a tool from the swimming

pool industry as an alternate to the robot. A roller wand attached to tubing allowed an

operator to have direct control of the suction point of the vacuum line. This control was

very beneficial in areas of deep sediment or on areas of steep slopes in the canal (Building

3019 end) where the robot had difficulties maneuvering. As mentioned earlier, tile robot

had essentially covered the entire canal bottom area and had performed a detailed

radiological survey and log of the area thereby allowing the operators to have a good

understanding of what levels of radioactivity might be encountered with the roller wand.

Additionally, a different type of solid/liquid separation unit was installed. The new

filter was a iligh rate sand filter typical to the swimming pool industry. This filter could

operate R_r longer run times with more predictable pressure drops before being backwashed.

The discharge from the sand filter could be routed through the ion exchange column if



required. The filter backwash was sent to tile LLLW system after it was determined to meet

the waste acceptance criteria.

A significant addition to the processing system, although independent from the

vacuum line and processing system, was the use of a high volume reactor pool filtration

system that utilized filter cloths with micron size openings as the filtration media. This

system, while rated at 500 gallons per minute when clean, would typically run at less than

200 gallons per minute. However at this rate, the clarity of the water in the canal was

significantly improved, thereby removing much of the suspended material that had been

causing operational problems and also settling back to the canal bottom during periods of

no operation, and previously making it almost impossible to remove all the visible sediment.

A very, important facet of the closure operation was the safe and effective

management of all wastes produced. The first course of action was to try and not generate

any wastes unless it was unavoidable, the second was to generate wastes in forms that were

more easily managed by the existing systems in operation at ORNL. Of the approximately

700 cubic feet of wastes (non-process equipment) produced, almost 80% was discharged to

the LLLW system, the rest was managed in its appropriate category of solid wastes (LLLW,

RCRA-mixed, RH-TRU). Additional w_lumes of wastes were produced that included the

process equipment and materials used for the cleaning operation. Where possible the

contractor decontaminated the equipment and moved it back to their facilities for use in

other operations.

Additional Surprises

In an earlier section it was explained that numerous types of radioactive contaminated



material was found on the canal floor. The extent of the large and small pieces of debris

was confirmed in February 1992 when the subcontractor used a robot to make a video tape

of the canal foor utilizing a remotely operated real-time video camera and a radiation

probe. The video was educational to say the least. The robot being used for suction of the

RCRA sediments had been experiencing difficulty maneuvering because of interference with

the robot tracks. It was clear from the tape that additional cleaning of the canal floor was

needed to remove the large debris if the robot was to reach all corners and low spots of the

canal floor. Using long-handled tools and risking increasing worker exposures, the larger

pieces of material were placed into containers cm the bottom of the canal, covered by 9-10

feet of water. The manipulations with the long-handled tools were tedious and slow since

only minimal movement was needed to stir up the sediments and algae on the bottom, which

would "cloud" the water and decrease visual acuity, forcing work to pause until the water

cleared. Please keep in mind that the subcontractor was working under a "fixed price"

contract, so the longer time the cleanout took, the less the contractor's cost-effectiveness.

With the larger debris moved off the bottom, the robot was able to continue the

suction of the sediments, which were sluiced through a filtration process into the Liquid Low

Level Waste (LLLW) containment system at ORNL. Use of the LLLW system had received

prior approval from the TDEC, with the sediments eventually being pumped into large

underground storage tanks which alreadv contained high levels of radioactive contamination

and RCRA materials from prior waste handling operations at ORNL. The eventual removal

and solidification of the mixed waste contamination in the LLLW tanks will be assessed by

ORNL, DOE, EPA, and TDEC under the CERCLA program at ORNL. With the smaller

sediments removed from the 3001 Canal as of July 15, 1992, the remaining larger debris



needed to be containerized, dewatered, and removed from the Canal to complete the closure

activincs. Again, a surprise and problem presented itself, since the containers of debris were

remotely measured to be highly radioactive. The readings for four of the drums ranged from

8 to 40 Rein/hour, measured at the outside of the drum surface. That amount of

radioactivity and the presence of plutonium and americium forced ORNL to classify the

containers as remote-handled transuranic (RH-TRU) waste, even after repackaging into

thick walled concrete casks for shielding purposes. With special equipment, the remote-

handled TRU waste containers were removed from the canal and repackaged in late August

1992, and moved for long-term storage at one of ORNL's RH-TRU waste storage bunkers.

Removal of the high-radiation hazard containers from the 3001 Canal area by early

September 1992 allowed ORNL and DOE to reopen the Graphite Reactor in Building 3001

for public tours to coincide with the start of the 50th anniversary celebration for the

Manhattan Project in Oak Ridge, Tennessee.

Final Negotiations"

Since canal water samples and visual observations had confirmed in July 1992 that

the sediments had been adequately removed and the remaining water contained only very'

low levels of lead or cadmium contamination, the remaining issues for completion of the

3001 canal project were: (1) obtaining the TDEC's approval for storage of the RH-TRU

waste casks in ORNL's waste storage bunkers, (2) deciding whether a third submittal of

revision pages was needed for the RCRA Closure plan, and (3) agreeing when the

subcontractor could decontaminate and remove its equipment from the Canal area. The

first two issues were resolved with the state RCRA staff in a phone conference in early

September 1992. Despite the large number of surprises and revisions that ORNL had to



request of the TDEC, the staff continued to remain understanding concerning the unique

situations that ORNL and the DOE subcontractor had experienced with the 3001 Canal

closure project. The state allowed ORNL to store the RH-TRU concrete casks in an

existing storage bunker without submittal of revision pages for the RCRA operating permit

since ORNL had previously submitted a RCRA operating permit that had anticipated

numerous types of mixed wastes might be stored in the facility. The state also agreed that

additional revision pages were not needed for the RCRA Closure plan for 3001, since

ORNL and DOE had notified the state via the September conference call of the removal

of the large-sized materials from tile Canal. The state staff agreed that ORNL and the

subcontractor had managed the materials properly by dewatering and packaging to meet

DOE's RH-TRU acceptance criteria, while the small-sized sediments had been previously

vacuumed into the LLLW system at ORNL as described in the March 1992 revision to the

Closure plan for 3001. With those agreements from the TDEC and DOE, the subcontractor

was allowed to wrap-up activities and finish decontamination of its equipment in the 3001

Canal area. An independent Professional Engineer was requested by DOE to prepare a

Closure Certification report for the 3001 Canal project, which was submitted by DOE to

TDEC and EPA, Region IV, in October 1992._' With the approval by TDEC of the Closure

Certification, the many chapters of assessment, cleanout, and closure of the 3001 Canal came

to an end, approximately six or eight months late (depending on which Closure plan revision

was considered as complete), and at a price tag much higher than anticipated by ORNL,

DOE, or the subcontractor.



Lessons Learned

Numerous lessons were emphasized during the 3001 Cannl cleanout and many were

not expected during the start of the project. Tile main lesson was expect the unusual when

dealing with mixed waste remediation projects at federal facilities and plan fl_r the worst-case

scenario. Additional "lessons learned" are summarized below, with suggestions on how DOE

sites can sidestep or minimize the impacts of surprises during remediation projects. As more

information was found on the actual characteristics and the actual conditions within the canal

the methods used to perfl_rm the closure activities changed and the TDEC was made aware

of these conditions. The TDEC was very, sensitive to the difficulties encountered as the

work progressed and was extremely cooperative in permitting the revision to the RCRA

closure plan. This exhibited cooperation was a key to the overall success of this project. In

many cases the information was not flmnd until the actual removal activities were well

underway.

(1) Work closely with the appropriate regulators, whether the state or EPA Regional

Office. If neither office appears interested or is able to actively participate in

decisions during the initial planning stages, keep sending written explanations and

updates to the regulators and schedule conference calls with the front-line approval

agency (the state of Tennessee in ORNL's case). If an adversarial relationship

develops, request sit-down meetings between the technical staff, not the lawyers, to

allow free discussion of any perceived fl_ot-dragging or misinformation from the

organization responsible for the cleanup project. If DOE and ORNL had not had

the state RCRA staffs' assistance, we might still be working to finish the 3001 Canal

project.



(2) include the regulatory agency in the development of closure alternatives, especially

if RCRA/CERCLA, and radi{mctive contaminants are present at the site.

When working on remediation strategies tk_r mixed wastes, the radioactive

contamination will present additional limitations on which "normal" techniques for

RCRAJCERCLA cleanup will be appropriate for managing the mixed wastes. The

regulators must be provided the information as to why a certain technique is not

appropriate for cleanup, so they can understand the limitations and defend the

preferred technology in front of local agencies, the public, and environmental groups.

(3) Attempt to separate RCRA closure issues from long-term CERCLA remediation at

facilities. Despite recent rulemakings by EPA, RCRA closures continue to be geared

toward cleaning of RCRA facilities until the cleanup standards are met, no matter

whether any risk reductions are attained. CERCLA remediations allow for more risk

comparisons to allow selection of cleanup technology that is a balance of permanent

actions, cost-effectiveness, and significant risk reduction. If a subtask of a project can

be completed under RCRA guidance, it is suggested that the long-term facility or site

remediation be completed under CERCLA.

(4) Do not use firm "fixed-price" contracting for mixed waste remediation projects.

With the extreme uncertainties associated with RCRAJCERCLA actions the risk

associated with contract performances must be shared between {_wners and

contractors. The use of estimated quantities with fixed price rates would be more

suitable for characterized sites. For uncharacterized sites, negotiated contracts

focused on establishing fixed rates would be more suitable.
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(5) Establish prior to contract award sampling and analysis requirements. Develop

accurate sampling and analysis plans during the contract specification development.

Ensure techniques for sampling are applicable for the site. Ensure laboratories are

identified to handle the required analysis.

(6) Perfl_rm adequate characterization of the site. Without suitable characterization

contract performance standards cannot be established nor can realistic technical or

cost proposals be developed by prospective bidders.

(7) Allow prospective bidders to review the site and perform their own sampling and

analysis to support their proposals. By allowing the prospective bidders to perform

sampling and analysis ( at their cost) the buyer can ensure agreement on the

characterization of the site, validate the baseline upon which negotiation can be

based, and establish a reference for future change order requests or contractor

claims.

(8) Equate contractor project completion with compliance dates negotiated between

facility owner and regulators. Due to the length of the regulatory approval cycle and

the short immediate response required by RCRA/CERCLA actions, development of

specifications and initial contract actions occur in parallel. If possible keep contract

completion dates and performance requirements tied to regulatory compliance dates.

(9) Include technology demonstrations and bench-scale experiment in a 2 step contracting

process, with the actual contract award contingent upon successful demonstration of

methods. Selected prospective bidders should be required to demonstrate

technologies in to the bench scale: full scale operations. These dernonstrations

should be perfl_rmed under fixed-price agreements. Once the technologw are proven



negotiated agreements should be put in place for the actual contracted work.

(1()) Explore the use oflow-tech, proven methods/equipment. Often common techniques,

and equipment perform suitz_ble for certain requirements. Examples on this project

were commercially available, swimming pt_ol, cleaning equipment.
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