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INTRODUCTION

An approach to the upgrade of the radiological Process Wastewater Treatment Plant (PWTP)
at Oak Ridge National Laboratory (ORNL) has been developed that, if adopted, will result in
significant cost reductions and improved water quality. The strategy described in this report satisfies
the short-term upgrade needs of the PWTP and ultimately results in replacement of existing PWTP
softening/ion-exchange technology with a zeolite molecular sieve treatment system for removal of
radioactive contaminants from process wastewater. Use of zeolites will improve wastewater quality
while reducing operating and disposal costs. The zeolite system would be constructed adjacent to the
site now occupied by the Non-Radiological Process Wastewater Treatment Plant (NRWTP), thereby
consolidating all process wastewater treatment systems at one location.

SYSTEM DESCRIPTION

The sources of process wastewater at ORNL include slightly contaminated groundwater,
cooling water for radiochemical processes, overheads from a low-level liquid waste evaporator,
laboratory drains, and rainwater runoff from potentially contaminated facilities. The principal
contaminant in the wastewater is Sr-90, which is typically present at levels of 500 to 2000 Bq/L.
Cesium-137 also exists in the wastewater at levels between 50 and 200 Bq/L. The PWTP is capable
of removing Sr-90 from the wastewater at flow rates up to 160 gpm using a sludge-blanket softening
unit followed by an ion-exchange system. The NRWTP is designed to remove heavy metals and
organics from nonradiological process wastewater. Heavy metals are removed by chemical
precipitation, and organics are removed by both air stripping and activated carbon. The flow diagram
given in Figure 1 shows both the PWTP and the NRWTP as they currently operate.

There are several driving forces for upgrading the radiological process waste treatment system.
Some involve operational needs, while others are regulatory. The goals of the upgrade are
summarized as follows:

A. Increase feedwater capacity of the PWTP from the present 160 gal/min to 300 gal/min to meet
increased treatment demands.

B. Increase the Cs-137 removal capacity of the PWTP to meet new discharge limits.



C. Increase PWTP treatment efficiency and decrease volumes of secondary liquid low-level waste
(LLLW) to reduce operating costs and to meet the requirements of DOE Order 5820.2A.

Technical and economic evaluations,1,2 were performed to determine the best approach for
upgrading the plant. The studies indicate that a new system consisting of flow-through coiumns
containing chabazite zeolite, an inorganic aluminosilicate, is the best choice for replacing the
softening/ion-exchange operations currently used at the PWTP for removal of both Cs-137 and Sr-90.

UPGRADE APPROACH

The strategy for the PWTP upgrades ultimately involves consolidating the radiological and
nonradiologica! wastewater treatment systems at the NRWTP site. Emphasis of each project is placed
on making use of existing systems for upgrades instead of duplicating unit operations at separate
facilities. This plan involves an approach that implements the zeolite system after interim upgrades,
thus satijfying the more immediate needs of the plant.

Due to periodic high peak wastewater treatment demands and overall increasing wastewater
flows, the feedwater treatment capability of the PWTP must be increased. The existing
softener/clarifier at the PWTP is the unit operation that limits the feedwater capacity of the plant.
The upgrade plan proposes to divert flow from the PWTP clarifier to the larger-capacity NRWTP
reactor/clarifiers for softening radiological process wastewater.

The data used to design the NRWTP reactor clarifier system were collected in 1984.3 Since that
time, improved waste management activities and segregation of waste streams have reduced the
volume of wastewater containing heavy metals. Monitoring studies performed during 19894 and
recent operational experience indicate that the flow of wastewater potentially containing heavy
metals is less than 5 gal/min on a continuous basis. One NRWTP reactor clarifier is currently
operated in semibatch mode to treat about 100,000 gal of wastewater every 2 weeks. The reactor
clarifiers, which were designed to treat up to 380 gal/min, could be used to soften radiological process
wastewater at flow rates up to 300 gal/min and return the wastewater to the PWTP for
decontamination.

The metals wastewater would be treated along with the radiological process wastewater. Heavy-
metals removal should be improved by coprecipitation during the softening reaction. The
overwelming quantity of carbonate sludge compared to the quantity of heavy metals precipitate makes
it very unlikely that a mixed waste will be generated from this operation. A flow diagram of the
PWTP system after the increase in feedwater capacity is given in Figure 2.

To meet the discharge limits of the proposed DOE Order 5400.5, the next project must install
a system designed for Cs-137 removal from process wastewater. The current PWTP system is not
designed for removal of Cs-137 from wastewater. The Cs-137 concentration in the PWTP feed
averages about 200 Bq/L, which met the 10 CFR 20 discharge limit of 740 Bq/L but will exceed the
new DOE limit of 111 Bq/L. A zeolite system designed for Cs-137 removal will be used to meet the
new discharge limit.

The zeolite system will consist of three disposable zeolite columns piped in parallel on a new
foundation adjacent to the NRWTP. The columns are preloaded with fresh zeolite at another
location. Once the zeolite is spent, the columns are removed, dewatered, and disposed of as solid
waste. The softening/ion-exchange processes will continue to be used to remove Sr-90. A flow
diagram for this system is shown in Figure 3.



The Cs-137 removal zeolite system will be used to develop and optimize the design of the zeolite
system that will replace the PWTP softening/ion- exchange process for removal of both Sr-90 and Cs-
137. Since the affinity of zeolite is far lower for Sr-90, system design and wastewater characteristics
will have a larger impact on zeolite loading efficiency. Parameters that must be studied include
residence times, wastewater composition, column geometry, and the design of column internals. Data
collected from the Cs-137 removal system will be coupled with mathematical models to determine the
design and operating conditions for optimum removal of Sr-90. The upgraded zeolite system will
replace the Cs-137 removal system and will likely consist of three or four custom-designed permanent
zeolite columns piped in series. The flow diagram for the project is shown in Figure 4.

The exclusive use of the zeolite system improves wastewater quality. Softening, neutralization,
and ion-exchange regeneration in current PWTP operations add sodium sulfate and small amounts
of sodium nitrate to the wastewater. The zeolite system emerging from this upgrace strategy requires
no chemicai additions to the wastewater other than the small amount of acid or base required to
perform pH adjustment of the effluent stream. Sulfate and nitrate salt concentrations in the
wastewater will be reduced significantly.

ECONOMIC CONSIDERATIONS

The strategy outlined above reduces operating and capital costs by consolidating all wastewater
treatment at the existing NRWTP site. The annual manpower requirement may be reduced by as
much as 1.5 man-years. Installation of the upgrade equipment at the NRWTP is expected to be far
less than a comparable upgrade at the PWTP, where contamination must be dealt with and
equipment space is limited.

The proposed upgrades will reduce the volume of radiological secondary wastes produced at the
PWTP by at least one-third. The new system may produce as much as 100 m3 per year of spent
zeolite, but it will eliminate the generation of 5000 to 6000 gal per year of LLLW and 120 m3 of
softener sludge. Disposal costs are expected to decrease as much as $300,000 per year.

UNCERTAINTIES AND CONSIDERATIONS

The NRWTP was constructed under design criteria that did not account for the presence of
radioactive contaminants in the wastewater. Therefore, applicable design criteria must be reviewed
to determine what changes, if any, are necessary for handling radioactively-contaminated wastewaters
at the plant. If the upgrades require major modification of foundation and containment structures
at the NRWTP, the plan must be re-examined to determine if a separate facility for the zeolite
system is more cost effective.

The timeliness of the upgrade strategy will depend on the availability and nature of project
funding. Depending on the funding approach, the complete zeolite system may be implemented in
5 to 8 years.

CONCLUSIONS

The proposed upgrade plan noi only satisfies the goals of PWTP upgrades but aiso improves
wastewater quality and reduces capital and operating costs for treatment of ORNL process
wastewaters. Due to the potential attributes of this plan, further detailed cost and engineering studies
are being performed.
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