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TREATABILITY TESTS ON WATER FROM A LOW-rLEVEL WASTE BURIAL GROUND.

Summary

Lab-scale treatability tests on trench water from a low-level waste

burial ground have shown that the water can be successfully treated

by existing wastewater treatment plants at Oak Ridge National

Laboratory. Water from the four most highly contaminated trenches

that had been identified to date was used in the treatability

tests. The softening and ion exchange processes used in the

Process Wastewater Treatment Plant removed Sr-90 from the trench

water, which was the only radionuclide present at above the

discharge limits. The air stripping and activated carbon

adsorption processes used in the Nonradiological Wastewater

Treatment Plant removed volatile and semi-volatile organics, which

were the main contaminants in the trench water, to below detection

limits.

Introduction

The Oak Ridge National Laboratory (ORNL) Environmental Restoration

Program is examining methods for remediation and closure of Solid

Waste Storage Area 6 (SWSA 6) , where low-level waste was buried

from 1968 to 1985 in shallow trenches. Various technology

demonstrations will be conducted on selected trenches at the site

during the next year. Some of these demonstrations, and probably

the final remediation, will require that the trenches be dewatered.

Treatability tests were performed to determine if the water removed

from the trenches could be treated at the existing ORNL wastewater

treatment facilities.

The ORNL Process Wastewater Treatment Plant (PWTP) treats water

that contains very low concentrations of radionuclides, mostly

strontium-90 and cesium-137. The flow sheet for the PWTP is shown
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in Figure 1. Most of the calcium, and about 70% of the Sr-90, is

removed by precipitation at a pH of 11.5 in the softener. The

clarified water is then treated with a strong-acid cation resin

(Dowex HCR-S), which removes the remaining Sr-90. For the normal

PWTP flow rate of 450 L/min (120 gpm), the empty bed contact time

for the water with the resin is 6.2 min. If the water needs to be

treated to remove Cs-137, then chabazite zeolite columns are used,

either in series or parallel with the routine PWTP processes. The

discharge requirements for the effluent from the PWTP are listed in

DOE Order 5400.51. Derived Concentration Guide (DCG) values, which

are the concentrations below which wastewater does not require

treatment, are shown in Table I for selected radionuclides.



Table I. Derived Concentration Guide Values* For

Selected Radionuclides (From DOE Order 5400.5)

». Radionuclide Concentration (Bq/L)

H-3 74,000
Co-60 185
Sr-90 37
Cs-137 111

Wastewater containing less than the DCG values
does not require treatment.

The Nonradiological Wastewater Treatment Plant is a new facility

that started operation in March 1990. The flow sheet for this

facility is shown in Figure 2. Most of the wastewater that enters

the plant is routed to the nonmetals tank and is treated for

organic removal only. The wastewater flow rate to the plant has

averaged 950 L/min (250 gpm) , with a high range of about 1300 L/min

(350 gpm). The air stripper is filled to a height of 6.4 m (25 ft)

with a high efficiency packing (3.5" Lanpac, Lantec Products, Inc.,

Agoura Hills, CA). At normal operating conditions the air stripper

has about 9 theoretical stages. The carbon columns, which contain

about 30,000 kg of activated carbon (Cecarbon GAC-30, Atochem,

Inc.), have an empty bed contact time of 50 min at a flow rate of

1300 L/min. The discharge limits for the NRWTP are given in its

National Pollutant Discharge Elimination System (NPDES) permit

issued by the Tennessee Department of Health and Environment

(TDHE). Selected NPDES permit limits are shown in Table II.
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Table II. Selected NPDES Permit Limits For The NRWTP

Contaminant Daily Max. (mq/L)

Cadmium
Chromium
Copper
Lead
Zinc
Total Toxic
Organics (TTO)

1.20
2.77
3.38
0.69
2.61

2.13



Materials and Methods

Trench Selection. Analytical results were available from two

previous sampling programs of trench water at SWSA 6Z#3, which

showed that volatile organics (mostly aromatics) were the main

contaminants in the trench water. One trench (T-41) contained

Sr-90 above the discharge limit for the PWTP. None of the trench

samples contained heavy metal concentrations above the discharge

limits for the NRWTP. Most of the samples also contained tritium,

but no treatment options are currently available for low levels of

tritium4 in wastewater, and the average concentrations are below

the DOE discharge limits1.

Based on the results of the previous samples, the 7 trenches with

the highest concentrations of contaminants were selected for

further sampling. The final selection of four trenches for the

treatability tests was made based on the analytical results from

these samples. The goal was to select the trenches with the

highest concentrations and widest variety of contaminants. The

trench with the highest Sr-90 concentration (T-41) was selected for

the softening and ion exchange tests. Three trenches with the

highest concentrations of organics (T-13, T-16 and T-105) were

selected for the air stripping and carbon adsorption tests.

The lab-scale treatability tests simulate the processes in the PWTP

and NRWTP using full-strength trench water. Any trench water

actually treated at the PWTP or NRWTP will be diluted substantially

with other wastewater. Also, the trench selection procedure was

designed to obtain the most contaminated trench water that had been

identified to date, so the treatability tests represent a worst

case situation.

Test Equipment. The water softening test was performed in batch

mode in a 2-L glass beaker. Whatman #41 paper was used to filter

the decant water. A small ion exchange column (1.6 cm I.D. by 20

cm high) filled to a height of 6.5 cm with 13 mL of HCR-S resin was



used to model the ion exchange columns at the PWTP. A column (9.5

cm I.D. by 60 cm high) filled to a height of 19 cm with 1.3 L of

chabazite zeolite (TSM-300) was used to model the zeolite columns

at the PWTP.

Because of the large number of theoretical stages in the NRWTP air

stripper (about 9 for aromatics)c it is not practical to construct

a laboratory unit to directly simulate this equipment. A small air

stripper (8 cm I.D. by 60 cm high), filled to a height of 35 cm

with ceramic saddles (0.6 cm) was constructed. A distributor

screen and a packing support were fabricated from stainless steel

screen.

Correlations for calculating the height of a theoretical stage are

not well established for laboratory-size packings. Sherwood and

Hollaway5 developed correlations for various packings that depend

on the liquid density, viscosity, diffusivity and loading rate, and

two constants that depend on the size and shape of the packing.

Packing constants were available for 1.3, 2.5 and 5 cm ceramic

saddles, but not for the 0.6 cm size used in the laboratory air

stripper. For the larger packings the height of a theoretical

stage varied between 46 and 52 cm for the liquid loading used in

the treatability tests, so assuming that the 0.6 cm packing would

have a similar performance to the larger sizes, the laboratory unit

should have about 3/4 of a theoretical stage (35/46 = 3/4).

The number of theoretical stages for the lab-scale air stripper was

also determined experimentally by using pure water saturated with

xylene to measure xylene removal, which was compared with that

predicted for one theoretical stage. The air stripper reduced the

xylene concentration from 40 mg/L to 12 mg/L in one pass.

Simulation of the air stripper using the rigorous multistage

separation model (RADFRC) in ASPEN (JSD Simulation Service Co. ,

Denver CO) predicts that one theoretical stage would reduce the

xylene concentration from 40 mg/L to 3 mg/L at the conditions used

in the test. Thus, the experimental test also shows that the air



stripper has about 3/4 of a theoretical stage [ (40-12)/(40-3) =

3/4].

A column (9.5 cm I.D. by 60 cm high) filled to a height of 28 cm

with 2 L of granular activated carbon (Cecarbon GAC-30, Atochem,

Inc.) was- used to model the carbon columns in the NRWTP.

u
All of the columns used in the treatability tests have the same

aspect ratio (height to diameter ratio) as the corresponding

columns in the full scale treatment plants, and the flow rates for

the laboratory units were chosen so that the contact time between

the water and the treatment media (ion exchange resin or activated

carbon) was the same as for the full scale units.

Test Procedures. A sample of the T-41 trench water was softened

at a pH of 11.5 using NaOH) with 2.5 mg/L iron (Ferrifloc) and

0.3 mg/L Betz 2100 polymer added, as is used at the PWTP. The

water was stirred gently for 1 h and then the floe was allowed to

settle, and the water was decanted and filtered. The filtered

water was fed through the small ion exchange column at a rate of

2 mL/min. An unsoftened sample of T-41 trench water was fed

through the zeolite column at a rate of 65 mL/min. Samples of the

untreated, softened, ion exchange treated and zeolite treated water

were collected for analysis of radionuclides and dissolved metals.

Samples of water from trenches T-13, T-16 and T-105 were treated by

air stripping and activated carbon adsorption. The bottles of

water from each trench were composited into a large glass carboy,

from which the water was pumped into the top of the air stripper at

a rate of 400 mL/min. The air flow rate up through the'stripper was

20 L/min. The temperatures of the air and water entering and

leaving the stripper were measured periodically, as was the

pressure drop across the column. Samples of the treated and

untre.--.ed water were collected for volatile and semi-volatile

analysis. The treated water from the air stripper was then fed

through the activated carbon column at a rate of 57 mL/min.



Samples of the activated carbon treated water were collected for

analysis of volatiles, semi-volatiles, dissolved metals and

radionuclides.

Analytical Methods. All samples were analyzed at the ORNL

Analytical Laboratory, which is qualified under the EPA Contract

Laboratory Program. Organics were analyzed with a GC-MS, using EPA

Methods 824 0 for volatiles and 8270 for semi-volatiles. Samples

were analyzed for Sr-90 using EPA Method 905.0, tritium was

measured by EPA Method 906.0, and a. gamma scan (EPA Method 901.1)

was used to identify other radionuclides. Dissolved metals were

measured using an inductively coupled plasma spectrophotometer

(ICP), as proscribed in EPA Method 200.7.

Results

Trench T-41. The radionuclide concentrations of the treated and

untreated trench water is shown in Table III. The softening

process removed almost 99% of the Sr-90 in the water, which is

better than is typically seen in the PWTP. The ion exchange resin

removed essentially all of the remaining Sr-90. The zeolite was

also very effective at removing Sr-90, and unexpectedly removed 82%

of the tritiated water from the unsoftened trench water. A

literature search revealed one other example of concentrating

tritiated water with zeolites6. Further tests will be performed in

the future on this phenomenon.



Table III. Treatment Results for T-41 Trench Water

Contaminant Concentration (Bq/L)
Treatment v H-3 Sr-90 Cs-137

Untreated 8400 260 0.5
Softened 8000 3.6 0.3
Ion Exchange 7900 0.2 <0.1
Zeolite 1500 <0.1 <0.2

Discharge Limit 74,000 37 111

Trench T-13. The concentration of volatile organics in the water

entering the air stripper was much lower than that measured at the

time the samples were collected. Apparently transferring the water

into the open carboy was sufficient to strip most of the organics

from the water, although this did not happen with the water from

the other trenches. The water temperature entering and exiting the

air stripper was 19°C, and the air temperature decreased from 23 to

22°C through the stripper. The pressure diop across the column

varied from 15-17 Pa (0.6 - 0.7 in H20). There was not any visible

foaming in the air stripper. Two samples of treated and untreated

water were collected for volatiles analysis, and one sample of each

for semi-vols. The effluent from the activated carbon column was

sampled twice for volatiles and once for semi-vols, dissolved

metals and radionuclides. All of the organic results are shown in

Table IV, and the results for the other analyses are shown in

Table VII.



0.006
0.020

1.1
0.43
0.06

<0.005
<0.005

<0.01
<0.01
<0.01

Table IV. Treatment Results For T-13 Trench Water

Contaminant Concentration (raa/h) By Treatment
Contaminant Not Air Activated

Treated Stripper Carbon

Volatiles (2 Samples Each)
Toluene 0.011
Xylene 0.034

Semi-Vols (1 Sample Each)
Naphthalene 1.4
4-Methylphenol 0.42
2,4-Dimethylphenol 0.06

Trench T-16. The water from trench T-16 lost only a small amount

of volatile organics during handling prior to pumping the water

into the air stripper. The water temperature decreased from 22 to

21°C in the air stripper, and the air temperature held at 23°C. The

pressure drop across the air stripper was 12 Pa (0.05 in H20), and

there was not any visible foaming. The concentration of organics

for the treated and untreated water is shown in Table V, and

additional results for the activated carbon treated water is shown

in Table VII.
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28

6.1
1.3
0.51
0.14

<0.005
<0.005

<0.01
<0.01
<0.01
<0.01

Table V. Treatment Results For T-16 Trench Water

Contaminant Concentration (mg/L) By Treatment
Contaminant *• Not Air Activated

Treated Stripper Carbon

Volatiles (2 Samples Each)
Toluene 41
Xylene 52

Semi-Vols (1 Sample Each)
Naphthalene 13
4-Methylphenol 1.5
Phenol 0.59
2,4-Dimethylphenol 0.31

Trench T-105. The water from trench T-105 lost only a small amount

of volatile organics during handling prior to pumping the water

into the air stripper. The water temperature decreased from 20°C

to 19aC in the air stripper, and the air temperature increased from

19°C to 20°C. The pressure drop across the air stripper was 12 Pa

(0.05 in H20) , and there was not any visible foaming. The

concentration of organics for the treated and untreated water is

shown in Table VI, and additional results for the activated carbon

treated water is shown in Table VII.



Table VI. Treatment Results For T-105 Trench Water

Contaminant Concentration (ma/L) By Treatment
Contaminant

Volatiles (2 Samples

Toluene
Xylene

Semi-Vols (1 Sample
Naphthalene
4-Methylphenol
2,4-Dimethylphenol
Phenol

Not
Treated

Each)

34
12

Each)
3.1
4.1
0.45
0.30

Air
Stripper

13
5.0

2.0
4.0
0.40
0.18

Activated
Carbon

<0.005
<0.005

<0.01
<0.01
<0.01
<0.01

Table VII shows the concentrations of selected contaminants in the

trench water samples that were fully treated (ie. softened and ion

exchange treated for T-41, and air stripper and activated carbon

treated for T-13, T-16 and T-105). All of the contaminants shown

have established effluent discharge limits for either the PWTP or

the NRWTP, and the treated trench water is substantially below

these limits.



Table VII. Contaminant Concentrations In

Contaminant
Radionuclides (Bq/L)

H-3
Co-60
Sr-90
Cs-137

Metals (mg/L)
Cd
Cr
Cu
Pb
Zn

Total Toxic
Organics (mg/L)

*NA = Not analyzed

Trench
T-13

1900
<0.1
<0.1
<0.1

<0.007
<0.004
0.28

<0.03
0.11

<0.01

Water Sample
T-16

180
0.3
0.5
0.1

<0.005
0.006

<0.005
<0.05
<0.005

<0.01

Treated Trench

Location
T-41

7900
4

4

<0.
<0.
0.

<0.
0.

co.l
0.2
C0.1

.007

.004
,27
.03
,02

NA*

Water

Discharge
T-105

1300

<0.
0.

<0.
<0.
<0.

<0.

0.6
0.6
0.5

.005

.009

.005

.05
,005

01

Limit

74,000
185
37
111

1.20
2.77
3.38
0.69
2.61

2.13



Discussion

The high removal efficiency of the softening and ion exchange

treatment for Sr-90 in T-41 trench water, shows that there were not

any complexing agents or other interferences in the water.

Using pure water spiked with 40 mg/L xylene, the lab-scale air

stripper removed 68% of the xylene in one pass. The removal

efficiency for toluene and xylene in the trench water samples

varied from 41-62%, with an average of 52%. The reduction in

organic removal efficiency for the trench water compared to pure

water indicates that the trench water contains something that

interferes slightly with air stripping (60-91% reduction in

stripping efficiency).

To date, the concentration of volatile organics entering the air

stripper at the NRWTP has been too low to allow experimental

determination of the air stripper performance. The rigorous

multistage separation model (RADFRC) in ASPEN (JSD Simulation

Service Co., Denver CO) was used to simulate the air stripper. At

the maximum water flow rate for the NRWTP of 1300 L/min, and water

and air temperatures of 21°C, ASPEN predicts that the NRWTP air

stripper would remove 90% of the xylene or toluene present in the

water at each theoretical stage. Since the NRWTP air stripper has

9 theoretical stages at these conditions, a feed stream containing

100 mg/L xylene would contain 10'7 mg/L at the exit of the air

stripper. At wintertime conditions of 10°C water temperature and

-7°C air temperature, ASPEN predicts that each stage would remove

80%, so the same feed stream would contain 10"* mg/L xylene after

air stripping. If the removal efficiency of each theoretical stage

is reduced by 60% because of interfering contaminants in the trench

water (the worst seen in the treatability tests) the effluent from

the NRWTP air stripper would contain 0.3 mg/L xylene for an inlet

stream of 100 mg/L at winter conditions.



The above calculations show that the NRWTP air stripper is easily

able to treat the trench water from WAG 6, even at extreme

conditions. The lab-scale activated carbon column was able to

produce water containing undetectable concentrations of organics,

even though the feed to this column contained much higher

concentrations of organics than the feed to the NRWTP carbon

columns would have, because of the higher number of stages in the

NRWTP air stripper.

The results from the treatability tests show that water from the

SWSA 6 trenches could successfully be treated at the PWTP for Sr-90

and at the NRWTP for organics.

Conclusions

The treatability tests that were conducted on trench water from

SWSA 6 have shown that the existing wastewater treatment plants at

ORNL can successfully treat the water from this low-level waste

burial ground. The water from the four trenches used in the

treatability tests was the most contaminated that had been

identified to date, and the trench water was not diluted as would

happen in the treatment plants, so the treatability tests represent

a worst-case situation.
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