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PREFACE 

Existing Systems Review of Treatment Media for the Bear Creek Valley Treatability Study, Oak 
Ridge Y-12 Plant, Oak Ridge, Tennessee (Y/ER-303) was prepared in accordance with requirements 
under the Comprehensive Environmental Response, Compensation, and Liability Act. This document 
provides the Environmental Management Program with a review of existing groundwater treatment 
systems. This work was performed under Work Breakdown Structure 1.1.02.41.10.34.20 (Activity 
Data Sheet 2302, “Bear Creek Valley”). 
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EXECUTIVE SUMMARY 

In situ treatment has been proposed as a remediation alternative for surface water and 
groundwater contaminated with uranium and nitrate as a result of former waste disposal practices 
in the S-3 Ponds. Interceptor trenches containing reactive media have been proposed to treat 
groundwater, and constructed wetlands and/or algal mats are potential alternatives for treating 
surface water. This report presents the results from testing of ten different reactive media, and 
combinations of media, that are candidates for use in the proposed interceptor trenches to remove 
uranium and nitrate from groundwater. It also presents the results of testing and evaluation of algal 
mats and wetlands for removing uranium and nitrate from surface water. 

vii 



1. INTRODUCTION 

The Report on the Remedial Investigation of Bear Creek Valley at the Oak Ridge Y-I2 Plant, 
Oak Ridge, Tennessee (U.S. Department of Energy 1997) identified a plume of contaminated 
groundwater originating from the former S-3 Ponds disposal site in Bear Creek Valley (BCV). In 
response to this, the BCV Treatability Study was commissioned to investigate potential treatment 
technologies to remediate the contaminated groundwater. The Phase I Report of the Bear Creek 
Valley Treatability Study, Oak Ridge Y-I2 Plant, Oak Ridge, Tennessee (Science Applications 
International Corporation 1997) reported the existence of three shallow groundwater flowpaths, with 
slightly different contaminant signatures, emanating from the former S-3 Ponds. Currently in Phase 
11, the BCV Treatability Study consists of four systems that are being evaluated for their efficiency 
in removing contaminants from two of the groundwater flowpaths in the vicinity of the former S-3 
Ponds. The main contaminants being addressed by the treatability study are uranium and nitrate. The 
following treatment systems are being evaluated: 

various adsorptionheduction media, including zero valence iron (ZVI), adsorption resin (e.g., 
Dowex), peat, magnetite, in situ redox manipulation, activated carbon, and zeolites; 

constructed wetlands; 

algal mats; and 

a groundwater interceptor trench containing a treatment medium. 

This document presents a synopsis of the latest studies employing the first three treatment 
systems. A review of existing groundwater interceptor trench systems has been provided previously 
for the BCV Treatability Study in the Review ofpassive Groundwater Remediation Systems: Lessons 
Learned, Oak Ridge Y-12 Plant, Oak Ridge, Tennessee (ENTECH, Inc. 1997). 

The adsorptionheduction media are being evaluated by running contaminated groundwater 
through cylinders (columns) packed with the different media. Influent and effluent water samples 
are collected on a regular basis from the columns, and the volume of water passing through each 
column is measured to characterize the mass of contaminant removed by each medium before the 
medium becomes saturated and is no longer effective. 

The constructed wetlands consist of three large tubs, - 6 ft long by 3 ft wide by 3 ft deep, in 
which different wetlands plants are growing. Contaminated surface water from SS- 1 is pumped into 
each tub and exits by a discharge tube on the other end of the tub. Influent and effluent samples are 
collected for each tub to characterize the reduction in contaminant concentrations effected by the 
wetlands. 

The algal mats consist of blue-green algae (cyanobacteria) growing on an inert substrate (the 
mat). The BCV Treatability Study algal mats use two different reactor designs. One is a barrel 
reactor in which the algal mat is rolled up so that it fills the interior of a 4 ft deep by 3 ft diam barrel. 
Water enters the barrel at the top and flows through the algal mat to a discharge valve at the bottom 
of the barrel. The second reactor design is a baffle reactor in which sheets of the algal mat measuring 
several inches less than the width of the rectangular 3 ft long by 2 ft wide by 1 ft deep reactor are 
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affixed to the interior of the reactor. The reactor is tilted so that water entering one end of the reactor 
flows under gravity via a circuitous route around each algal mat sheet to the discharge valve at the 
other end of the reactor. The BCV Treatability Study is using two such reactors in series so that the 
effluent of the first one becomes the influent of the second. Influent and effluent samples for each 
reactor are collected on a regular basis, and the volunie of water that has passed through the reactors 
is measured to characterize the mass of contaminant removed by the algal mats. 

More complete descriptions of these treatment systems are presented in the Best Management 
Practices Plan for Phase 11 of the Bear Creek Valley Treatability Study, Oak Ridge Y-I2 Plant, 
Oak Ridge, Tennessee (Science Applications International Corporation and ENTECH, Inc. 1997a) 
and the Sampling and Analysis Plan for Phase 11 of the Bear Creek Valley Treatability Study, Oak 
Ridge Y-12 Plant, Oak Ridge, Tennessee (Science Applications International Corporation and 
ENTECH, Inc. 1997b). 

The three treatment systems reviewed in this document are dissimilar in their construction and 
type of treatment medium. Because of this, previous works attempting to characterize these systems 
have resulted in approaches to characterization and rt:porting that do not lead to a consistent format 
for this document. For example, a wide assortment of adsorptiodreduction media have been 
characterized using much the same methodology as is being used for the BCV Treatability Study. 
Wetlands studies, on the other hand, mostly have not been done as controlled experiments; instead 
they are typically observations made of natural wertlands. Finally, algal mats are a proprietary 
technology that have been characterized only by the patent holder, Microbial and Aquatic Treatment 
Systems, Inc. (MATS, Inc.), in controlled laboratory experiments designed specifically to test the 
capabilities of algal mats for removing water-borne contaminants. As a result of the different 
characterization methodologies, the approach to revie wing each of the three systems in the following 
chapters is slightly different. 

2. EXISTING SYSTEMS REV1:EW FOR PERMEABLE 
REACTIVE BARRIERS 

Existing permeable reactive barriers systems presented in the proceedings of the International 
Containment Technology Conference held in St. Petersburg, Florida, on February 9-12,1997, were 
reviewed. These papers dealt with many different conltainment technologies. Special attention was 
given to systems using ZVI and systems addressing metals contamination, especially uranium. 

The results of the review are presented in Table 1. Some of the highlights related to the BCV 
Treatability Study Phase I1 include the following: 

Although there were many papers about the application of ZVI and other iron-based reducing 
agents, none of them discussed the issue of solulble Fe+* in the effluent. 

The addition of guar gum to a ZVI column did not inhibit the degradation of TCE. 

In several situations, the media were deployed so that flow was vertical instead of horizontal. 
One application was vertical because of constraints of the physical setting. Another vertical 
system was used because a Plexiglas model had shown that there would be short circuiting. 
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In at least one situation, the chemical results were influenced by disturbing the flow pattern 
during sampling. It is not known at this time if this is a factor in the BCV Treatability Study. 

One ZVI trench was placed perpendicular to the flow 

ZVI (250 tons) were deployed for one trench in 1 day through the use of direct trenching. 

3. EXISTING SYSTEMS REVIEW FOR CONSTRUCTED 
WETLANDS FOR WATER QUALITY IMPROVEMENT 

Constructed wetlands have been used successfully for the last 20 or 30 years to treat and 
improve the quality of wastewater from agricultural, domestic, and industrial sources. Wetland 
treatment systems take advantage of the natural biological, chemical, and physical functions of 
wetlands to reduce sediment loads, remove or immobilize contaminants from stormwater runoff, and 
transform potentially harmful elements into less toxic or hazardous forms. Constructed wetland 
systems have been used successfully to reduce biological and chemical oxygen demand, remove or 
immobilize nitrogen (as NH," and NO,), phosphorus, several heavy metals (Pb, Cu, Zn, Fe, Mn, and 
others), oils, and grease from roadways and parking lots and reduce acidity in highly acidic drainage 
from mines. Wetland treatment systems provide an efficient treatment alternative at a relatively low 
cost when compared with mechanized, industrial treatment systems. Table 2 summarizes some of 
the applications of constructed wetland treatment systems. 

4. EXISTING SYSTEMS REVIEW FOR ALGAL MATS 

The algal mat technology being evaluated by the BCV Treatability Study is a proprietary 
technology of MATS, Inc. To date, all of the work characterizing the eficiency of algal mats for 
removing dissolved uranium and nitrate from surface or groundwater has been performed by 
MATS, Inc., in a laboratory setting. Table 3 summarizes these experiments and their results. 



Table 1. Permeable reactive barriers systems review 

Scale of work Reference and comments Media Company Location Contaminant 

Solid organic carbon University of Waterloo, NO,- from 
mixed into porous media Waterloo Ontario, Canada septic systems 
to provide energy source 
to denitrify 

In situ Redox Battelle 
Manipulation 

Hanford, Cr+‘, iron 
Richland, WA 

Long term monitoring of 3 
small-scale field trials; 
4 years of operation is 
reviewed 

Injected and then removed 
20,500 gal buffered Na 
dithionate into the 
unconfined aquifer at Area 
100 H to reduce the 
mobility of Cr 

~~~ ~ 

(a) p 691. 2 barriers are horizontal in 
unsaturated zone under septic system. Third 
barrier is vertical. “Barriers have successfully 
attenuated 50-100% of NO,-N levels of up to 
170 mgk.  Treatment has been consistent over 
4 years.” . . . “These trials have demonstrated 
that the sawdust carbon source used in these 
barriers is sufficiently labile to provide an 
adequate carbon supply for denitrification yet is 
sufficiently resistant to biodegradation in 
anaerobic environments to be relatively long 
lived. Thus sawdust thus appears to be a good 
carbon source for use in denitrification barriers 
such as these where residence times based on 
pore volume are on the order of several days or 

(a) p 704. C f 6  was reduced from 60 ppb to 
below detection limit. Core data show that 60 
to 100% of the available reactive iron was 
reduced by the injected dithionate. One year 
after injection, groundwater remained anoxic. 

P 
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Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

Modified Pillared Clays Envirotreat Ltd. Kingswinford, PAH, heavy Lab screening and then site (a) p 7 18. Permeable treatment barriers can be 

contaminated with PAH, containment walls using grouts. Pillared clays 
Cr, Cu, Pb, and Zn are mixed in to provide permeability and 

treatment capacity. Treatment grouts were 
prepared by mixing Portland Cement, 
pulverized fly ash, and modified clays. They 
were screened at the lab and then applied in a 
site trial where vertical soil/grout columns were 
constructed in situ by advancing an auger 
2.5 m. The contaminated soil was mixed during 
descent and the grout slurry was injected and 
mixed with the soil during auger withdrawal. 
TCLP levels for Cr, Cu, Pb, and Zn were 
reduced from 50- 100 mgl L to <0.20 mg/L. 

England metals trial on 15 m3 soil constructed using the same techniques as for 

ul 

3 kinds of media: ZVI, 
minerals containing Fe(I1) 
[such as magnetite 
(Fe30,), Trolite (FeS), and 
wustite (FeO)], and 
Ni-plated ZVI 

GE Schenactady, NY Chlorinated Lab studies of the (a) p 753. Three media were studied in the lab. 
Results pertinent to BCV: The addition of guar 
gum and enzyme breaker to a granular ZVI 
column did not affect the reaction rates. When 
pseudo-first order degradation rate constants 
were normalized for surface area, they were 
“remarkably uniform” even though different 
waters and different velocities were used. 
Passive iron oxide film contains an inner layer 
of magnetite (Fe, 0, ), a mixed Fe (11,111), 
oxide and an outer layer of maghemite 
(y-Fe203). TCE degradation rates €or Ni-plated 
ZVI remained first order but got progressively 
slower due to deactivation of the catalyst. 

Solvents mechanisms and kinetics 



Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 
ZVI GE 

Colloidial Fe particles in Battelle 
Shearthinning fluid 

ZVI and others Montgomery 
Watson 

Schenectady , NY Chlorinated 
solvents; 
reducible 
metals 

Lab studies in columns 
with pore volumes of 13.8 
L and 0.38 L, which are 
factors of 7.9 and 0.22, 
respectively, of the BCV 
Treatability Study ZVI 
columns 

(a) p 78 1. Discusses 2 factors affecting life of 
ZVI walls: (1) Plugging at the entrance is 
related to dissolved 0, in water. Fix is use 
larger iron particles or mix in sand. (2) Porosity 
is reduced because minerals like Fe(OH),, 
FeCO,, CaCO, precipitate in the media.. Fix is 
controlling pH control. Discussion of several 
column runs at different conditions illustrates 
complex effects of carbonate levels, pH, 
particle size, and residence time. Sometimes 
the observations match our observations and 
sometimes they don’t. These observations were 
made at higher pH and lower alkalinity than the 
water in either GW-835 or GW-837. The 
residence times were 5 to 14 times longer than 
we nave in tine BZV ireatabiiity Study but 
about one third of the residence time we will 
have in the demo trench at flow of 1 gal/min. 

(a) p774. Method for injecting Fe(0) into 
porous media. Non-Newtonian fluids are 
suggested as a way to decrease the settling rate 
of heavy Fe(0) particles without changing 
hydraulic conductivity. Proper dispersion of the 
Fe(0) required use of polymer to keep Fe(0) 
colloidal particles from clumping. 

(a) p 5 1. Presents remedial alternatives and cost 
analysis of each. “Placement of iron in the most 
effective area and by the lowest cost method is 
critical to achieving a low cost alternative.” 

Pacific Northwest Richland, WA Lab-scale in columns 
National Lab 4.4 cm x 1 m long 

Milwaukee, WI Chlorinated Economic evaluation 
solvents and 
reducible 
metals 



Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

ZVI with cutoff wall Golder Maidenhead, Chlorinated First full-scale system in (a) p 817. ZVI is contained in a vertical, 
Associates England solvents United Kingdom cylindrical reactor instead of a horizontal 

trench because of site constraints (both 
horizontally and vertically). Chose to not install 
the gravel-filled collector and distributor 
(upstream and downstream of the reactor) using 
a backfilled trench excavated under a 
degradable polymer slurry because there were 
concerns about the deleterious effect residual 
polymer would have on the iron filings. There 
is mention that “the internal pore water 
chemistry is very sensitive to disturbance of the 
flow regime.” (It is possible that this 
disturbance of the flow regime during sampling 
of the BCV Treatability Study Phase I1 
columns may explain some of the unusual 
excursions.) H, is vented through a lamp post. 

3 different types of ZVI DOE Portsmouth Piketon, OH TCE Demo in field in canisters (a) p 827. This is the project at the Portsmouth 
Gaseous Diffusion Plant that Dr. Baohua Gu 
has mentioned at BCV Treatability Study 
meetings. Three types of ZVI were used in 
drums There is no discussion about issues 
operating problems such as loss of capacity due 
to plugging or other. 
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Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

Sodium chabazite zeolite Oak Ridge Oak Ridge, TN Sr, Cs 
National 
Laboratory 

Organic substrate (mix of Nickel Rim site Sudbury, Ontario, Metals 
municipal compost, leaf Canada including Fe 
compost, and wood chips) 
mixed with pea gravel generating 

and acid 

capacity due to 
SO, = and Fe’’ 

Demo in field in canisters (a) p 827. A vertical-flow canister was selected 
because physical modeling in a Plexiglas 
mock-up of a horizontal flow treatment unit 
showed channeling along preferential flow 
paths, especially along the edges. Clogging due 
to iron in the groundwater has shorteied the 
useful life of the zeolite. Nitrogen has been 
added to the French Drain to reduce the 
oxidation of iron but only with mixed results. A 
dispersant has also been added upstream of the 
canisters to keep the iron from flocculating. 

Full-scale trench 15 m long (a) p 835. Bioremediation to reduce SO, = . 
by 3.5 m deep by 4 m wide Trench cost $30,000 (material and installation). 
installed in 8/95 Samples 9 months after installation show that 

aquifer water was converted from net acid 
producing to acid consuming. SO, 
concentrations decreased from 
2400-4800 mg/L to 60-3600 mg/L, Fe 
concentrations decreased from 260- 1300 mg/L 
to 1.0-40 mgL, pH increased from 5.8 to 7.0, 
and alkalinity increased 0-60 mg/L to 
700-3200 mg/L. 

oo 



Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

ZVI, ZVI w/Cu screen, UMTRA site, Durango, CO U in uranium Full-scale in 2 designs: one 
and Cercona iron foam Bodo Canyon mill tailings allows GW to percolate 

down through treatment 
zone. Other promotes 
horizontal, serpentine plug 
flow through treatment 
zone. 

(a) p 844. Samples appear to have been taken 
every 20 days. Uranium was reduced from 
3 mg/L to less detectable in 10 hours of 
contact; NO, - was reduced from 25-30 mg/L 
to - 5 mgL. Nothing was said about the Fe+2 
concentration or the pH of the system. Lab tests 
showed that the ZVI (steel wool) had a 
hydraulic conductivity of .0064 cm/s. The 
Cercona foam's hydraulic conductivity was 
.53 cm/s. The column maintained its capacity 
after 700 pore volumes of oxygenated water 
had been passed through it. Again nothing 
mentioned with regard to Fe +' concentration in 
the effluent. W 



Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

U.S. Coast Guard Elizabeth City, Cr(V1) and 
TCE 

Full-scale 46 m long by 7 
m deep by 0.6 m (2 A) 
wide perpendicular to the 
GW flow 

(a) p 851.250 metric tons of iron filings were 
installed by direct trenching in one full day! 
Cr(V1) was reduced in the field from 6 mg/L to 
<0.01 mg/L. TCE was reduced from as high as 
5600 pg/L upgradient of the wall to <5 pg/L at 
the downstream margin of the wall. TCE 
concentration in the plume downgradient of the 
wall was as high as 50 p g L  due probably to 
the desorption of TCE from the aquifer 
sediment. The changes in field parameters are 
very different from the experiences with the 
BCV Treatability Study Phase I1 tests. The pH 
increased from 6-7 upgradient of the wall to 
9- 10.5 in the wall and then became nearly 
neutral within 1 m downgradient of the wall. 
Eh vaiues dropped from 100-500 mv 
upgradient of the wall to -400 to -600 mv in the 
wall and returned to oxidizing conditions 
within 1 m downgradient of the wall. 

NC 

t-- 

0 



Table 1 (continued) 
~ ~~ ~ ~~ 

Media Company Location Contaminant Scale of work Reference and comments 

Nickel augmented ZVI University of Waterloo, TCE Laboratory and pilot field 
Waterloo Ontario, Canada demo in an aboveground 

reactor. Flow = 3 L/min 

AFO (amorphous ferric Consortium of Fry Canyon, UT Uranium (from Lab and field demo to 
oxyhydroxide) USGS, EPA, tailings) and characterize hydrogeology 

DOE Weston, copper (from and geochemistry 
Bureau of Land Heap Leach) 
Management, 
Utah Department 
of Environmental 
Quality 

(a) p 858. In lab, Ni-enhanced ZVI improved 
reaction rates so that residence times required 
to reach MCLs was reduced from 24 h to 1.5 h. 
In the field, GW was recovered in shallow 
collection trenches and pumped to the top of 
the reactor (3 ft diam and 6 ft high). Treated 
effluent went back to the aquifer via injection 
wells. Half life for TCE decreased from 30 min 
with ZVI to 3 min with “enhanced iron.” GW 
contained 15 mg/L PCE, 1 mg/L cis-l,2-DCE, 
and 0.5 mg/L TCE. Granular iron canister has 
been in operation at the site since 11/94. 
Enhanced iron performed better than iron alone 
but performance in the field was “substantially 
below expectations based on the results of the 
lab tests.” One reason is that the Ni-plated ZVI 
prepared in the lab was more reactive than the 
commercially prepared material. The other 
reasons were unknown in February 1997. 

- ,- 

(a) p 68 of program. POSTER Presentation. No 
text in proceedings but SAIC contacted Stan 
Morrison of Weston-DOE at Grand Junction. 
CO showed details of barrier wall in three 
segments containing three different media - 
amorphous ferric oxyhydroxide, ZVI, and bone 
charcoal. No results will be available until EPA 
releases them. 



Table 1 (continued) 

Media Company Location Contaminant Scale of work Reference and comments 

Media undefined but want DOE Rocky Flats, CO Mixed wastes 
to intercept low-level rad (rad & VOCs) 
and “destroy” the VOC at very low 
components concentrations 

(a) p 68 of program. POSTER Presentation. No 
text in proceedings. Paper was to “present the 
Rocky Flats reactive barrier model.” Rad 
components are very low but measurable. 
VOCs are actually a higher risk except in the 
public’s view. 

ZVI enhanced by University of Orlando, FL Chlorinated Laboratory and design. (a) p 71 of program. POSTER Presentation. No 
ultrasound Central Florida, hydrocarbons text in proceedings. Column studies 

NASA substantiated the findings of batch studies that 
showed that using the reaction rate increased 
by a factor of 2 after ultrasound treatment. 
Ultrasound is believed to remove the corrosion 
products from the iron surface. At least one 
qiiestion remains: where dc the ccrrcsinr. 
products go? If they dissolve, one would have 
the same situation that we have had at GW-837 
(Le., too much iron in the effluent). 

Humic acid based material ARCTECH Chantilly, VA Radionuclides, Laboratory 
metals, VOCs 

(a) p 7 1 of program. POSTER Presentation. No 
text in proceedings Breakthrough had not 
occurred in 2500 bed volumes with this 
material. 

Biological media University of UMTRA site, U (VI), SO, = , Laboratory (a) p 73 of program. POSTER Presentation. No 
New Mexico Shiprock, NM NO, - text in proceedings. Batch reactor and column 

studies were performed using cellulose, wheat 
straw, alfalfa hay, sawdust, and soluble starch. 

DCE = dichloroethylene; DOE = U.S. Department of Energy; EPA = US. Environmental Protection Agency; GW = groundwater; MCL = maximum concentration limit; NASA =National 
Aeronautics and Space Administration; PAH = polycyclic aromatic hydrocarbon; PCE = tetrachloroethylene; SAIC = Science Applications International Corporation; TCE = trichloroethylene; 
TCLP = Toxicity Characteristic Leaching Procedure; USGS = U.S. Geological Service; VOC = volatile organic compound. 
(a) Roark, Adieren, comp. June 1997. International Containment Technology Conference. Febmaiy 9-12, 1997, St. Pefersburg, Florida, USA: Conference Proceedings, Florida State University. 



Table 2. Constructed wetland treatment systems review 

De Jong, J. 1976. The purification of wastewater with the aid of rush 
or reed ponds. Pages 133-139 in J. Tourbier and R. W. Pierson, Jr., 
eds., Biological Control of Water Pollution. University of Pennsylvania 
Press, Philadelphia. 

Dortch, M. S., and J.A. Gerald. 1994. Removal of pollutants by 
wetlands. Technical report CPl-1. Environmental Laboratory, U.S. 
Army Corps of Engineers Waterways Experiment Station, Vicksburg, 
MS. 
Elder, J.F. 1988. Factors affecting wetland retention of nutrients, 
metals, and organic materials. Pages 178-184 in J.A. Kusler and 
G. Brooks, eds., Proceedings of the National Wetland Symposium: 
Wetland Hydrology. 16-1 8 Sept. 1987, Chicago, Ill. Association of 
State Wetland Managers, Berne, New York. 

U.S. Environmental Protection Agency. 1988. Design Manual: 
Constructed wetlands and aquatic plant systems for municipal 
wastewater treatment. Office of Research and Development. 
EPAl62511-88IO22. 

Gardner, W.S. 1980. Salt marsh creation: effect of heavy metals. Pages 
126-13 1 in J.C. Lewis and E.W. Bunce, eds., Rehabilitation and 
Creation of Selected Coastal Habitats: Proceedings of a Workshop. 
U.S. Fish and Wildlife Service, FWSIOBS-80127. 

Gersberg, R.M., B.V. Elkins, and C.R. Goldman. 1983. Nitrogen 
removal in artificial wetlands. Water Res. 17(9): 1009-1014. 
Gersberg, R.M., B.V. Elkins, S.R. Lyon, and C.R. Goldman. 1983. 
Role of aquatic plants in wastewater treatment by artificial wetlands. 
Water Res. 20(3):363-368 

One-hectare pond planted with rush (Scirpus lacustris) and common reed 
(Phragmites australis) was used to treat sewage. Plant systems improved water 
quality in sewage based on measurements of biological oxygen demand (BOD), 
chemical oxygen demand, phosphorus (P), nitrogen (N), and bacterial counts as 
long as P and N supplies did not exceed plant uptake. 
A constructed wetland in the Cache River was evaluated for removal efficiency of 
pollutants. The wetland effectively removes total suspended solids (TSS) and 
total nitrogen. High removal rates of N were attributed to denitrification occurring 
in benthic sediments. 
Discussion of characteristics of wetland hydrology, vegetation, sediments, and 
microbiota that affect constituent transport, retention, or transformation. Includes 
discussion of management implications such as long-term changes, introduction 
of pathogens, and biotransformation of non-toxic to toxic forms. Wetlands may 

season, and other environmental factors. 
Overview of aquatic treatment systems to treat municipal wastewater with focus 
of free (surface) water systems and subsurface flow systems. Includes discussion 
of environmental and public health considerations and physical, chemical, and 
biological factors important to system design. Includes case studies of systems 
used to treat wastewater from commercial and municipal facilities. 
Discussion of physical, chemical, and biological processes that affect distribution 
of heavy metal in a salt marsh. Plants may remove metals from solution, transfer 
them ftom sediment into the water, or store them in plant tissue. Sediments may 
retain - 10-20% of Cd, Cu, and Hg; 100% of the Fe; and 60% of the Mn they 
receive. 
Discussion of use of artificial wetlands to remove NO, from secondary 
wastewater at high application rates. 
Discussion of results of different plants in artificial wetlands to remove N, BOD, 
and TSS from primary wastewaters. Bulrush and reed beds exhibited high- 
efficiency in removal of ammonia-N and BOD. 

have multiple roles as sources, sinks, and transformers depending on location, + w 



Table 2 (continued) 

Citation Abstract 
Groffhan, P.M. 1994. Denitrification in freshwater wetlands. Current 
Topics in Wetland Biogeochemistry, Vol. 1, pp. 15-35. Wetland 
Biogeochemistry Institute, Louisiana State University, Baton Rouge, 
La. 
Hammer, D.A. (ed.). 1989. Constructed Wetlands for Wastewater 
Treatment: Municipal, Industrial, and Agricultural. Proceedings from 
First International Conference on Constructed Wetlands for 
Wastewater Treatment, Knoxville, Tenn., June 13-17, 1988. Lewis 
Publishers, Inc. 

Kadlec, R.H. 1979. Wetland tertiary treatment at Houghton Lake, 
Michigan. Pages 101-139 in R.K. Bastian and S.C. Reed, eds., 
Aquaculture Systems for Wastewater Treatment: Seminar Proceedings 
and Engineering Assessments. US. Environmental Protection Agency, 
Washington, D.C. 
Kadlec, R.H. 1983. The Bellaire wetland: wastewater alteration and 
recovery. Wetlands 3:44-63. 
Kadlec, R.H., and R.L. Knight. 1996. Treatment Wetlands. CRC Press. 

Kent, D.M. (ed.). 1994. Applied Wetlands Science and Technology. 
CRC Press. 

Discussion of physiology and ecology of denitrification in freshwater wetlands, 
methods for measuring denitrification, and a synthesis of existing data from the 
U.S., Canada, and Europe. 

Collection of 83 papers discussing use of constructed wetlands for municipal, 
industrial, and agricultural wastewater treatment. Includes discussions of general 
principles; case histories; design, construction, and operation; dynamics of 
inorganic and organic materials in wetland ecosystems; efficiencies of substrates, 
vegetation, water levels, and microbial populations; management of domestic and 
municipal wastewaters; treatment of nonpoint source pollutants-urban runoff 
and agricultural wastes; applications to industrial and landfill wastewaters; 
control of acid mine drainage including coal pile and ash pond seepage. 
Discusses use of a wetland as a tertiary treatment system that received treated 
water from a holding pond. The wetland removed all N and P from the treated 
water. 

Summary of results of 1 1-year study of a treatment wetland at Bellaire, Michigan. 
The wetland retained or removed N, P, and TSS from the wastewater. 
Exhaustive examination and discussion of all aspects of the use of constructed 
wetlands as treatment systems to improve water quality. Topics of discussion 
include wetland structure and function; effects of wetlands on water quality; 
wetland project planning and project design; wetland treatment system 
establishment, operation, and maintenance; and wetland data case histories. 
Textbook dealing with fundamentals of wetland ecology and the use of wetlands 
for water quality renovation for wastewater treatment, stormwater treatment, and 
acid mine drainage treatment. 
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Citation 
McIntyre, B. D. and S.J. Riha. 1991. Hydraulic conductivity and 
nitrogen removal in an artificial wetland system. Journal of 
Environmental Quality 20:259-263. 

Meyer, J.L. 1985. A detention basidartificial wetland treatment system 
to renovate stormwater runoff from urban, highway, and industrial 
areas. Wetlands 5: 135-146. 

' 

Mitsch, W.J. and J.G. Gosselink. 1993. Wetlands. Van 
Nostrand-Rheinhold. 

Moshiri, G.A. 1993. Constructed Wetlands for Watlr Qualily 
Improvement. Lewis Publishers. 

Natural Resource Conservation Service and U.S. Environmental 
Protection Agency. No date. A Handbook of Constructed Wetlands: A 
Guide to creating wetlands for agricultural wastewater, domestic 
wastewater, coal mine drainage, and stormwater. Vol. 1 : General 
Considerations, Vol. 2: Domestic Wastewater, Vol. 3: Agricultural 
Wastewater, Vol. 4: Coal Mine Drainage, and Vol. 5 :  Stormwater. 

Abstract 
Results of greenhouse study using plants rooted in sand to remove ammonia-N 
and nitrate-N from simulate wastewater. Vegetated systems were more efficient 
than nonvegetated systems in removing both forms of N. Results suggested that 
artificial wetlands using sand as a growing medium could successfully remove N 
from wastewater, but decreased permeability of the substrate may occur over 
time. 
Description and discussion of artificial wetland system to treat both dissolved and 
suspended components of stormwater runoff by sedimentation, filtration, and 
pollutant absorption. Overall pollutant removal varied from 90 to 99% (90% 
removal of N and P and 100% removal of contaminants associated with 
particulate material). 
Comprehensive overview of freshwater and saline wetlands in North America. 
Coverage includes chemistry, biology, geology, hydrology, geography, 

approaches, techniques, and design aspects of constructing or restoring wetlands 
for habitat replacement, forested wetland restoration, and water quality 
improvement. 
Collection of 68 papers dealing with the use of constructed wetlands to treat 
wastewater from municipal, industrial, and agricultural sources. Includes 
discussions of general considerations, engineering, acid mine drainage, 
subsurface treatment, chemical processes, point and nonpoint sources, hydrophyte 
considerations, industrial applications (paper pulp, landfill leachate, and 
petrochemical sources), small systems, and case studies of existing systems. 
Five-volume manual for course on utilization of constructed wetlands to treat 
wastewater from several point and nonpoint sources. Includes discussions of 
design elements important to creating an efficient wastewater treatment system. 

L management, and preservation of wetlands. Includes discussion of principles, ul 
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Owen, D.E., J.K. Otton, F.A. Hills, and R.R. Schumann. 1992. 
Uranium and other elements in Colorado Rocky Mountain wetlands-a 
reconnaissance study. U.S. Geological Survey Bulletin 1992. 

Reed, S.C., E.J. Middlebrooks, and R.W. Crites. 1988. Natural 
Systems for Waste Management. McGraw-Hill, Inc. 

Small, M.M. 1978. Artificial wetlands as nonpoint source wastewater 
treatment systems. Pages 171-181 in M.A. Drew, ed., Environmental 
Quality Through Wetlands Utilization. Coordinating council on the 
restoration of the Kissimmee River valley and Taylor Creek-Nubbin 
Slough basin, Tallahassee, Fla. 
Stengei, E., W .  Zarducic, and C.  jebsen. i987. Evidence for 
denitrification in artificial wetlands. Pages 543-550 in K.R. Reddy and 
W.H. Smith, eds., Aquatic Plants for Water Treatment and Resource 
Recovery. Magnolia Publishing, Orlando, Fla. 
Wolverton, B.C. 1987. Artificial marshes for wastewater treatment. 
Pages 141-151 in K.R. Reddy and W.H. Smith, eds., Aquatic Plants 
for Water Treatment and Resource Recovery. Magnolia Publishing, 
Orlando. Fla. 

Report detailing capacity of high-elevation wetlands in the Rocky Mountains to 
extract and concentrate metals, particularly uranium, from ground and surface 
waters containing only very dilute concentrations of the metals. Contains an 
excellent literature review of geochemical enrichment of wetlands with a focus on 
uranium. 
Textbook describing design information on low-cost, low-energy, natural 
treatment methods for wastewater using plants, soils, and aquatic and terrestrial 
organisms found in agriculture, wetlands, and other natural ecosystems. Includes 
review of existing systems to evaluate performance of various systems and 
contaminant removal efficiency. 
Description of a wetland system consisting of a meadow-marsh-pond design to 
remove inorganic N and P fiom agricultural runoff. N was removed by 
denitrification and P was removed by harvest and removal of indigenous aquatic 
weeds. 

Investigation of two artificial wetland systems to remove nitrates from ground- 
and tap water by assimilative uptake in biomass and dissimilative reduction of 
nitrous oxide and N by bacteria. Measured rates of nitrate removal exceeded 
normal range of N uptake in plants during summer. 
Overview of artificial marshes used for wastewater treatment using marsh plants, 
microorganisms, and high surface area support media. Several plant species have 
been shown to reduce BOD levels and toxic organic chemicals and remove toxic 
heaw metals and radioactive elements from contaminated waters. 

BOD = biological oxygen demand; TSS =total suspended solids. 



Table 3. Algal mat systems review 

CompanyKontact LocatiodDate Contaminant Comments 

MATS, Inc. 

Judy Bender 

matsjudy@atl.mindspring.com 
(404)880-8809 

Peter Philips 

matspete@atl.mindspring.com 
(404)880-8811 

MATS, Inc. 

Judy Bender 

matsjudy@atl.mindspring.com 
(404)880-8809 

Peter Philips 

matspete@atl.mindspring.com 
(404)880-88 1 1 

Skidaway Uranium 
Institute of 
Oceanography, 309 pgL. 
Savannah, GA 

March 6-9, 1997 

The bioreactor configuration was a 70-L Drawer Reactor. In 1 h with continuous 
recycling, the uranium concentration in the treated water dropped from 1099 to 

Skidaway 
Institute of 
Oceanography, 
Savannah, GA 

March 17,1997 

Uranium The bioreactor configuration was a 66-L fiberglass barrel. The interior of the barrel 
was filled with microbial mat/polyester fiber substrate coils. The remaining open 
interior space was filled with a microbial mat, soft polyester fiber, glass wool, and 
other supplements to create a large anaerobic zone. Tests were conducted at 3 flow 
rates. This meant that the barrel was filled at 1, 2, or 3 gaVmin and immediately 
flushed (no additional holding time). The original stock solution was 1000 p g L  
uranium. At each of the 3 flow rates, the barrel was filled with stock solution and 
flushed, then filled with fresh stock solution and flushed a second time. 

Results: 
1. At a flow rate of 1 gaVmin, 66 total mg uranium were removed during the 

2 fillings/flushings combined. 

2. At a flow rate of 2 gaVmin, 50 total mg uranium were removed during the 
2 fillings/flushings combined. 

3. At a flow rate of 3 gaVmin, 28 total mg uranium were removed during the 
2 fillings/flushings combined. 

mailto:matsjudy@atl.mindspring.com
mailto:matspete@atl.mindspring.com
mailto:matsjudy@atl.mindspring.com
mailto:matspete@atl.mindspring.com
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Company/Contact LocationlDate Contaminant Comments 

MATS, Inc. 

Judy Bender 

matsjudy@atl.mindspring.com 
(404)880-8809 

Peter Philips 

matspete@atl.mindspring.com 
(404)880-88 1 1 

MATS, Inc. Nitrate 
Atlanta, GA 

May 12,1997 

The bottom of 3 baffle tanks, each measuring 58 x 14 x 16 cm (L x W x D), were 
layered with 4 cm of glass wool cultured with microbial mat. Four liters of NaN03 
were added. The initial nitrate concentration for the first experiment was 
500 mg/L. The nitrate concentrations for the next three experiments were 100, 500, 
and 2000 mg/L, respectively. During the first 500 mg/L experiment, 50 mL 
samples were collected at 0 h then hourly to 5 h and again at 24 h. For the 
100 mg/L experiment, 50 mL samples were collected at 0 h, 4 h, and 24 h. For the 
second 500 mg/L experiment, 50 mL samples were collected at 0 h, 24 h, and 48 h. 
For the 2000 mg/L experiment, 50 mL samples were collected at 0 h, 1 d, 2 d, 5 d, 
and 14 d. Samples were analyzed using a Hach One Combination Nitrate Electrode 
(Model 48680). 

Results: 
1 .  After 24 h, baffle tank 1 removed 98.5%, baffle tank 2 removed 96.5%, and 

haffle tank 3 removed 09.204 nfthe nitrite frsm $he icitia! 500 E$., so!r;iion. 

2. After 24 h, baffle tank 1 removed 59.5%, baffle tank 2 removed 43.0%, and 
baffle tank 3 removed 46.9% of the nitrate from the 100 mg/L solution. 

3. After 48 h, baffle tank 1 removed 63.7%, baffle tank 2 removed 54.0%, and 
baffle tank 3 removed 60.1% of the nitrate from the 500 mg/L solution. 

4. After 14 d, baffle tank 1 removed 77.2%, baffle tank 2 removed 59.2%, and 
baffle tank 3 removed 70.4% of the nitrate from the 2000 r n f l  solution. 

mailto:matsjudy@atl.mindspring.com
mailto:matspete@atl.mindspring.com


19 

5. REFERENCES 

ENTECH, Inc. 1997. Review of Passive Groundwater Remediation Systems: Lessons Learned, 
Oak Ridge Y- I2 Plant, Oak Ridge, Tennessee, YER-29 1, Lockheed Martin Energy Systems, Inc., 
Oak Ridge, Tenn. 

Science Applications International Corporation 1997. Phase I Report on the Bear Creek Valley 
Treatability Study, Oak Ridge Y-I2 Plant, Oak Ridge, Tennessee, YER-285, Lockheed Martin 
Energy Systems, Inc., Oak Ridge, Tenn. 

Science Applications International Corporation and ENTECH, Inc. 1997a. Best Management 
Practices Plan for Phase 11 of the Bear Creek Valley Treatability Study, Oak Ridge Y- I2 Plant, 
Oak Ridge, Tennessee, Y/ER-288&1, Lockheed Martin Energy Systems, Inc., Oak Ridge, Tenn. 

Science Applications International Corporation and ENTECH, Inc. 1997b. Sampling and Analysis 
Plan for Phase IIof the Bear Creek Valley Treatability Study, Oak Ridge Y-I2 Plant, Oak Ridge, 
Tennessee, YER-290&1, Lockheed Martin Energy Systems, Inc., Oak Ridge, Tenn. 

U.S. Department of Energy 1997. Report on the Remedial Investigation of Bear Creek Valley at the 
Oak Ridge Y-12 Plant, Oak Ridge, Tennessee, DOE/OR/Ol- 1455IV 1 -V6&D2, Lockheed Martin 
Energy Systems, Inc., Oak Ridge, Tenn. 



Y ER-3 03 

DISTRIBUTION 

1. C. S. Haase 
2. P. T. Owen 
3. L. B. Raulston 
4. J. H. Vanderlan 
5. File-EMEF DMC-RC 
6. P. Salpas, Science Applications International Corporation, 800 Oak Ridge Turnpike, 

10th Floor, Oak Ridge, TN 37830 


