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ABSTRACT 

During the past seven years, four research 
reactors at Oak Ridge National Laboratory 
(ORNIL) have been shut down by the U. S .  
Department of Energy (DOE) because of a lack 
of funding and mission. Before the reactors are 
eligible to receive DOE funding for 
decontamination and decommissioning (D&D), 
certain preparations are required, including 
resolution of significant environmental concerns. 
This paper describes the results of the D&D 
preparations for one of these four reactors, the 
Oak Ridge Research Reactor (ORR), with the 
emphasis on the environmental aspects. 

I. INTRODUCTION 

The three tasks that must be completed 
before a facility can be transferred to the D&D 
program are: 

1. Completion of environmental 
compliance, industrial safety, and radiological 
reviews. 

2. 
material. 

Removal of all spent fuel and nuclear 

3. Assurance that buildings and support 
systems are structurally sound so as to permit 
deferred final decommissioning for up to five 
years. 

These three tasks were completed for the 
ORR prior to its transfer to the D&D program in 
May, 1994. For the first task, the ORR was 
reviewed for compliance with applicable 
environmental regulatory requirements in four 
areas: 

1. Water quality-clean Water Act 
(CWA) 

2. Air emission-clean Air Act (CAA) 

3. RCRA waste-Resource Conservation 
and Recovery Act (RCRA) 

4. Toxic Substances Polychlorinated 
Biphenyls (PCBs)-Toxic Substances Control 
Act (TSCA) 

Topics and concerns fiom the environmental 
review are detailed below following the 
Introduction. 

In February 1989, the second task was 
completed. The spent nuclear fuel was removed 
fiom the ORR pool and shipped to the DOE 



Savannah River Site for storage. In addition, all 
other miscellaneous nuclear material and 
radioactive sources were removed prior to 1994. 

The final task completed before transfer was 
to clean up and maintain the building in a 
structurally sound condition. A surveillance and 
maintenance program was implemented on a 
routine, ongoing basis to ensure integrity of 
building structures, systems, and components. 
The program consisted of daily surveillance 
observations, programmed maintenance checks, 
and routine radiological surveys. 

II. ENVIRONMENTALREVIEW 

A. Water Quality 

Compliance with ORNL’s National Pollutant 
Discharge Elimination System (NPDES) permit, 
as required by the CWA, and with DOE Order 
5400.5 were evaluated. 

The most significant environmental concern 
at the ORR was release of potentially 
contaminated water to the ground and surface 
waters. Two major sources of this release were 
(1) the water pumped from the foundation 
drainage of the ORR to a storm drain and (2) a 
leak to groundwater from underground coolant 
pipes. 

The ORR basement is 40 ft  below grade. 
During operating years of the ORR, a portion of 
the groundwater entering the sump was assumed 
to be rainwater and spring water. It was 
therefore pumped to the storm drain, which 
empties into nearby Fifth Creek. However, a 
sample of the groundwater in this discharge 
contained 69 Bq/l of Sr-90, which exceeds the 
DOE Order 5400.5’ guideline limit of 37 Bq/l. 
The flow was therefore redirected from the storm 
sewer to the Process Waste Treatment Plant 
through existing lines. 

The other potential sources of groundwater 
contamination were the underground pipes which 
carried the reactor pool cooling water to outside 

cooling towers. The pool water contained 47 
Bq/l of Sr-90 and 1.5 Bq/l of Pu-239, with loss 
of pool water about 1700 gallons per day (gpd). 
These values slightly exceeded the DOE 
guideline’. 

A search for the pool water leak led to 
discovery of a double boundary failure consisting 
of a ruptured heat exchanger tube and a 
secondary flow leak in the underground pipe. 
This source was stopped and the leak rate 
dropped to less than 50 gpd. The other potential 
source was the reactor cooling lines, which had 
developed leaks in 1983. As a precaution, these 
24411. lines were severed and capped in the 
basement of the ORR. 

Based upon the pool water radioactivity, 
levels of contamination released to groundwater 
did not exceed the 24-hour Comprehensive 
Environmental Response, Compensation, and 
Liability Act (CERCLA) reportable quantities 
(RQs) in 40 CFR 302. In addition, gross beta 
measurements (indicative of Sr-90) at the Fifth 
Creek outfall closest to the ORR indicated a 
slight increase during the past two years, but did 
not exceed the derived concentration guidelines 
(DCG) limit in DOE Order 5400.5. 

One other concern of lesser magnitude was 
the large number of drains and cooling pipes that 
exit the building. The ORR reactor is contained 
in a large, four-story building with more than 70 
drains and six air-conditioning units. Although 
many of these drains and coolant lines were 
designed to go to process waste, the validation 
process has still not been completed. 

Several samples of water from the ORR 
sump and an outside drain were also tested for a 
wide range of contaminants including gross 
alpha, beta, and gamma activity; chemical 
oxygen demand (COD); biochemical oxygen 
demand (BOD); total suspended solids (TSS); 
total toxic organics (TTO); total organic carbons 
(TOC); oil and grease, ammonia as nitrogen, and 
metals. All contaminants were below levels 
contained in theNPDES-permitted outfall for the 



ORR except for the Sr-90 as previously 
discussed. 

by Title V. The State Implementation Plan (SIP) 
has been submitted to the EPA for approval, but 
approval is not expected until November 1995. 

B. Air Emission 
C. RCRAWaste 

The ORR was evaluated for air emission 
July 2 1, 1993. The evaluation included a review 
of the applicable rules and regulations governing 
operation of the facilityy which include the 
Tennessee Department of Environment and 
Conservation (TDEC) Air Pollution Control 
(APC) Rules, the National Emissions Standards 
for Hazardous Air Pollutants (NESHAP), and 
Radiological NESHAP. 

The operation of the ORR did not require an 
air operating permit during its operating life 
under pollution control regulations that were in 
effect at the time. Emissions fiom the facility 
were accounted for by being routed to a 
monitored filtering complex en route to an APC- 
permitted stack, which also contained pollution 
control equipment. At present, no activities are 
conducted that could result in emissions to the 
atmosphere other than legacy contamination. If 
legacy contamination were to become airborne, 
the air emissions fiom the ORR are still drawn 
through ducts leading to a monitored filtering 
system (high-efficiency particulate air and 
charcoal) before discharge to an APC- permitted 
stack. Emissions fiom the stack are continuously 
monitored for radioactive emissions, and the 
results are contained in a report submitted to the 
U.S. Environmental Protection Agency (EPA) 
annually. 

The NESHAP asbestos activities within the 
facility are minor (e.g., removal of an "air- 
conditioning chiller" cover for inspection and/or 
repair). All asbestos removed is replaced with 
an expanded rubber-type compound. Fugitive 
emissions fiom these activities are directed to 
HEPA filters or to the permitted stack before 
they are discharged to the atmosphere. 

Oak Ridge National Laboratory will apply 
for Title V permitting requirements fiom the 
CAA, although the ORR should not be impacted 

State and federal regulations implemented 
under the RCRA regulate the generation, 
accumulation, storage, treatment, and disposal of 
hazardous and mixed (both radioactive and 
hazardous) waste. A waste is hazardous if it 
exhibits one or more of the hazardous waste 
characteristics (ignitability, corrosivity, 
reactivity, or toxicity) (40 CFR 261.21 through 
261.24) or if it appears on one of four lists (F, 
K, P, or U) (40 CFR 261.31 through 261.33). 

The objective of the ORR RCRA evaluation 
was to verify that the facility was in compliance 
with the existing hazardous waste regulations. 
This evaluation was performed by walking 
through the facility on several occasions, 
observing existing conditions and operations, and 
by talking with facility personnel. The survey 
was a prodigious task as the four-story ORR 
building has over 40,000 ff of floor space 
containing rooms, laboratories, locked doors, 
cabinets, drawers, crawl spaces, etc. 

Two sulfuric acid tanks associated with the 
ORR were identified and emptied of product and 
sludges in compliance with 40 CFR 261.4(c). 
The main RCRA concern identified during the 
facility walkthroughs was the presence of a thin 
film of sediment on the bottom of the reactor 
pool (the reactor components had been removed 
several years earlier). Because the reactor had 
not operated in several years, arguments could be 
made that the sediment was a waste and the 
reactor pool would, by definition, be a surface 
impoundment or a tank. However, facility 
personnel confirmed that the sediment was not a 
RCRA-listed waste. 

Process knowledge was used to eliminate the 
possibility of the sediment exhibiting the 
characteristics of ignitibility, corrosivityy or 
reactivity. Process knowledge was also used to 



rule out the presence of pesticides. Therefore, 
the remaining RCRA concern was that the 
sediment could exhibit the characteristic of 
toxicity. Because several RCRA-regulated toxic 
constituents (primary metals) were present in the 
various reactor components, the decision was 
made that the sediment should be sampled and 
analyzed per the Toxicity Characteristic Leaching 
Procedure (TCLP). 

Analytical results confirmed that the 
sediment did not contain sufficient concentrations 
of any toxic constituent (metal or organic) to 
require regulation as a hazardous waste. In 
addition, the reactor pool water was sampled for 
regulated organic constituents. The TCLP results 
indicated that no organics were present in 
regulated concentrations. 

The only other RCRA materials in the 
facility were small volumes of maintenance- 
derived wastes (oil, light bulbs, etc.) stored in 
satellite accumulation areas. These wastes were 
later picked up by ORNL Waste Management, 
and the satellite accumulation areas were closed. 

D. Toxic Substances (PCBs) 

ORNL compiled an inventory of 
transformers, capacitors, and hydraulic 
equipment for the purpose of ensuring 
compliance with the EPA rules for "Controlling 
Polychlorinated Biphenyls (PCBs)" under the 
Toxic Substances Control Act (40 CFR 761). 
There was no PCB or PCB-contaminated 
equipment listed in the inventory pertaining to 
the ORR. However, PCB-laden gaskets and a 
spill had been identified on an exhaust 
ventilation duct system with concentrations 
greater than 50 parts per million (ppm). These 
were considered an unauthorized use without the 
approval of the EPA (see 40 CFR 761). The 
spill was remediated and the remaining gaskets 
addressed by including them in the Toxic 
Substances Control Act PCB Federal Facilities 
Compliance Agreement. 

III. SCHEDULE AND COST 

A summary of tasks and costs covering the 
period from reactor shutdown to transfer to the 
D&D program is given in Table 1. The 
surveillance and maintenance tasks are ongoing 
costs each year and account for almost 100% of 
total costs. The exceptions are the 
environmental compliance costs, which are 
relatively small except in 1994 when the leaking 
pipe modifications were made. 

Iv. CONCLUSIONS AND LESSONS 
LEARNED 

The approach to environmental compliance 
was ad hoc. A more organized approach is 
recommended that includes a checklist of 
information needed for environmental 
evaluations. Regulatory requirements and 
compliance tests performed could also be 
included, depending on the case situation. It is 
also difficult to generate interest in shutdown 
reactors. Special efforts are required to ensure 
that sufficient funding and priority are allocated 
to complete the shutdown tasks. And finally, 
environmental compliance never ends. There is 
always one more drip, one more lead brick, or 
one more can of unknown substance that is 
newly discovered. 

REFERENCE 

1. DOE Order 5400.5, "Radiation Protection of 
the Public and the Environment," 
February 8, 1990. 



Table 1. ORR Shutdown Schedule and Costs 

Costs, $K 

Task 

Shutdown order from DOE 

Prepare for spent fuel removal 

Remove fuel to Savannah River 

Remove liquid wastes 

Contamination removal 

Remove mixed RCRA waste from reactor 
pool and hot cells 

Complete environmental compliance 
review 

Complete pool leak repairs; transfer 
to D&D 

year 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Total 

2,682 

1,533 

1,317 

517 

641 

734 

620 

740 

Environmental 
Compliance 

5 

200 


