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UNIQUE PROCESS COMBINATION DECONTAMINATES MIXED WASTEWATER AT ROCKY FLATS
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ABSTRACT

The Rocky Flats Environmental Technology Site (RFETS) is a U. S. Department of Energy facility which was established
in 1951, and manufactured nuclear weapons components until 1989. Over time, the plant generated radioactive, hazardous
and mixed wastes from manufacturing processes, and experienced numerous incidents of soil and groundwater
contamination.

In 1992, a sophisticated groundwater treatment plant was constructed at the RFETS to treat contaminated groundwater
leaching from a known historical waste disposal area, the 881 Hillside (Operable Unit No. 1 at RFETS). In recent years, a
need was recognized to treat remediation wastewater containing voIatile organic compounds (VOCS) was required. In
1996, the treatment plant was improved and expanded to treat mixed wastewater from several other operable units (OUS)
at Rocky Flats. The expanded treatment plant is called the Sitewide Water Treatment Facility (SWTF). Remediation
wastewaters treated include decontrimination water, tank stabilization water, excavation infiltration groundwater, and thermal
resorption condensate from the remediation of contaminated soils. The SWTF has several unit operations which contribute
to its versatility, flexibility and effectiveness, including chemical precipitation, microfdtration, ultraviolet light/hydrogen
peroxide oxidation, granular activated carbon adsorption, ion exchange and neutralization.

The SWTF is a versatile water treatment facility capable of handling nearly all environmental remediation wastewaters
identified at RFETS. The SWTF has produced outstanding performance results treating mixed wastewater from several OUS
since startup. Operational experience at the SWTF has established that VOCS, metals, and radiological contaminants from a
wide variety of influent wastewaters are effectively treated with removal etllciencies in the 99°/0range.

L INTRODUCTION

In 1992, a sophisticated groundwater treatment plant was constructed at the RFETS to treat contaminated groundwater
Ieaching from a known historical waste disposal area, the 881 Hillside (OUI at RFETS). In 1996, the treatment plant was
improved and expanded to treat mixed wastewater from several other OUS at Rocky Flats. The upgraded treatment plant
is called the Sitewide Water Treatment Facili~, and has produced outstanding performance results treating mixed
wastewater from several OUS since startup of the expanded facili~ in 1996.

The RFETS is a U. S. Department of Energy facility located near Denver Colorado that was part of the nationwide nuclear
weapons production complex. The plant was established in 1951, and manufactured nuclear weapons components until
1989 when it was retired from weapons production. Over time, the plant generated radioactive, hazardous and mixed
wastes from manufacturing processes, and experienced numerous incidents of soil and groundwater contamination which
are now being addressed.

In recent years, a need was recognized to treat miscellaneous batches of wastewater from several OUS at RFETS.
Specifically, a facility to treat remediation wastewater containing volatile organic compounds (VOCS) was required.
Remediation wastewaters included decontamination water, tank stabilization water, excavation infiltration groundwater, and
thermal resorption condensate from the remediation of contaminated soils.

Treatment of these wastewaters was challenging due to the variety of contaminants encountered in several types of
wastewater from different locations at the RFETS. A versatile treatment process was required that could effectively remove
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undetermined amounts of VOCS, semi-volatile organic compounds (SVOCS), metals, dksolved solids, and low level
radionuclides including uranium.

II. PROJECT DESCRIPTION

In 1996, the wastewater treatment plants at two OUS at RFETS, 881 Hillside (OU1) and South Walnut Creek Basin (OU2),
were undergoing a substantial decrease in volume of influent wastewater compared to their respective design capacities. It
was determined that the trailer-mounted chemical precipitationhuicrofdtration (CPMF) system from 0U2 could be
relocated to the OU1 site and the two treatment processes combined to form the SWTF. These circumstances presented the
opportunity to economically construct a flexible treatment plant which was able to treat a wide variety of contaminants in
wastewater from around RFETS. The treatment plant was commissioned to treat wastes from other OUS at RFETS in
1996.

The SWTF has several unit operations which contribute to its versatility, flexibility and effectiveness, including chemical
precipitation, microfiltration, ultraviolet Ii@t/hydrogen peroxide oxidation, granular activated carbon adsorption, ion
exchange and neutrahation. A process flow diagram of the SWTF is presented in Figure 1.

Chemical precipitationhnicrofdtration is the f~st unit operation, and removes radioactivi~ and heavy metaIs from water.
This configuration reduces the chance of spreading radioactive contamination to downstream process operations. The f~st
stage of chemical precipitation reduces the pH to approximately 4.5 by injecting sulfuric acid. Ferric sulfate is added as a
coagulant and co-precipitation agent. In the second stage, the pH is adjusted to approximately 10.5 with lime and sodium
hydroxide. The increase in the pH causes the precipitation of iron and dksolved heavy metals such as metal hydroxides.
Radionuclides and metals adsorb to.the hydroxide particulate that form. The solution is then pumped through 0.1 micron
tube-in-shell microfilter. The pH of the fdtrate is adjusted, while the filtered solids are dewatered in a sludge press,
packaged in drums, and disposed at an approved off-site waste disposal facility.

The wastewater is forwarded to a stainless steel ultraviolet (UV) light oxidation unit where hydrogen peroxide (H202) is
injected to oxidize the organic constituents using a strong oxiduer (H202) and UV light. The UV light catalyzes the
oxidation by converting the peroxide to hydroxyl radicals, which are extremely powerful oxidizers. Also, the VOCS in the
water absorb energy from the UV light, making them more receptive to the oxidation process. This combination allows
the UV light and the oxid~ers to synergistically breakdown the VOC component. The hydrogen peroxide/UV oxidation
system oxidues the VOCS (primarily chlorinated hydrocarbons) into carbon dioxide, water, and chlorides.

Another process unit was added in 1996 to further enhance the SWTF’S capability and effectiveness. A granular activated
carbon (GAC) unit was placed after the UV/peroxide oxidation unit to remove additional VOCS that are not adequately
destroyed in the oxidation process. In addition, the carbon is utilized to remove any intermediate volatile organic
breakdown products that may be created by the UV/peroxide oxidation process.

The next process is an ion exchange treatment system, which consists of four ion exchange chambers in series to remove
inorganic contaminants from the water. A bag filter is placed ahead of the fust chamber to protect the exchange media
from fouling. In the first ion exchange chamber, a strong base anion resin is utilized for removal of radionuclides,
primarily uranium associated with a carbonate complex. A non-regenerable resin is used for uranium removal in order to
avoid regeneration waste and minimize low level radioactive secondary waste. A weak acid cation chamber removes
alkalinity associated with hardness, with production of carbonic acid as a byproduct. A degasifier unit is next in line to
remove the carbon dioxide associated with carbonic acid and protect downstream units from over-pressurization and
corrosion. The water is then pumped to a strong acid cation chamber for removal of cations, excess hardness, and metals.
The final chamber contains a weak base anion resin for removal of free mineral acidity (chloride, sulfates and nitrates).

Three double-walled steel effluent tanks provide holding capacity for treated effluent. The storage volume provides
adequate holding time for sample collection, laboratory arialysis, and evaluation of water quali~ results. Adjustment of pH
in the effluent tanks is required to comply with discharge standards. When sample data verifies that the effluent
concentrations are below discharge standards, the effluent is released to surface dkcharge.

Several types of remediation wastewaters were treated at the SWTF including:
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Contaminated groundwater Ieaching from hazardous and mixed waste management units;
Decontamination water from a vehicle decontamination pad;
Groundwater which had infiltrated into waste storage tanks;
Groundwater which had infiltrated into excavations at hazardous sites;
Purge water from monitoring well development and sampling;
Stormwater collected from transformer containment areas;
Drum decant water; and
Thermal resorption condensate resulting from thermal remediation of contaminated soils.

DI. OPERATIONAL CHALLENGES TREATING SH’EWIDE WASTEWATER

The versatile treatment system at the SWTF could theoretically treat any type of environmental wastewater expected at
the RFETS. In practice, the variety and types of batch wastewater generated at RFETS provided a constant challenge for
pkmt operators to provide effective treatment. In some instances, the urdmown character of incoming batch wastewater
created a host of perplexing problems as discussed in the following case hktory.

A copper-cyanide wastewater from the RFETS Trench 3/Trench 4 remediation project (part of 0U2) proved to be a
great challenge. Trench 3/Trench 4 contained buried drums of miscellaneous hazardous waste. Contaminated soils from
Trench 3 and Trench 4 were excavated and decontaminated by thermal resorption. The SWTF treated the waste
condensate from the soil treatment process. Problems treating t.hk wastewater initially developed when plant operators
observed a dark green discoloration of the water in the system. The resulting turbidity decreased UV light dispersal and
adversely affected the removal efficiency of the UV/peroxidation unit. The dkcoloration occurred in the dduted hydrogen
peroxide feed, which is a recirculated sidestream of treated UV/peroxide effluent mixed with concentrated hydrogen
peroxide (H202). Normally the diluted H202 solution (using recirculated treated effluent) is a clear color, and
consequently the dark green dhcoloration indicated a significant problem.

A bench test was conducted by injecting 50% H202 into a sample of UV/peroxide unit influent, and immediately a
dark green precipitate formed. SampIing results indicated condensate metak Ioading similar to normal groundwater with
the exception of very high concentrations of copper (99,100 micrograms per liter (pg/L)). Copper was an expected
contaminant in the wastewater and the suspected source of the dark green dkcoloration.

The inability of chemical precipitationhnicrofdtration unit upstream of the UV/peroxide unit to remove the copper was
a difficult operational problem. Previous experience with this level of copper did not result in any operational difilculties.
Qualitative observations and quantitative results suggested that the copper may be complexed, thus preventing it from being
removed by the chemical precipitationhnicrofiltration process. Cyanide was a suspected completing compound in the
wastewater, which originated in drums of metal plating solution reportedly buried in Trench 3 and Trench 4. Results of
cyanide sampling indicated a Ioadmg of 22,000 pg/L in the wastewater.

A process adjustment for this wastewater was undertaken by irjecting hydrogen peroxide into the first chemical
precipitation tank in the CPMF to oxidize the copper-cyanide complex. By oxidizing the copper-cyanide compound, the
chemical precipitationhnicrofiltration unit then precipitated and removed the copper. In the pH range of the system, there
was no potential for the release of cyanide gas. A tank head space vacuum system provided an additional worker safety
feature.

The UV/peroxidation unit would polish remaining trace levels of cyanide. Residual copper would be removed in tie
strong acid cation exchange system. With this change in place, removal efilciency for copper and cyanide from Trench
3/Trench 4 wastewater by the SWTF was increased to greater than 99.9%, and the discoloration problem was solved.

Development of a sulfur odor from the degasifier whale treating Trench 3/Trench 4 wastewater was another concern
from both an effluent water quality and worker health and safety perspective. Low levels of hydrogen sulfide (H2S)
detected in the degasifier air emissions were identified as the source of the odor. The levels detected were well below the
permissible exposure limit of 10 ppm for the breathing zone, and consequently worker health and safety was not an issue.



The source of the H2S was investigated. Based on a qualitative tests, tie H2S f~st appeared in the effluent water from
the GAC unit (rather than in the plant influent). Informal bench scale tests were conducted to determine hydrogen sulfide
concentrations in head space gases in the GAC influent and effluent. PH WaSadjusted to 2.5 in the bench test samples to
sixmdate process conditions in the GAC effluent as experienced in tie weak acid cation exchange unit. It was found that
there was less than 4 ppm of H2S in the head space of GAC i.nfluent sample and greater than 50 ppm of H2S in the head
space of GAC effIuent sample. TMs clearly indicated that the H2S was being formed inside the GAC vessel.

The source of the H2S in the GAC cohmm was speculated to be sulfate-reducing bacteria. Sulfate-reducing bacteria
consume the oxygen in the sulfate, reducing it to sulfide. The sulfide species at a pH of less than 4 will be un-ionized
hydrogen sulfide in a gaseous form. The temperature and holding time of the GAC unit created iderd incubation conditions
for this bacteria. The 40”F temperature rise from the UV lamps created ideal temperatures of approximately 80- 115°F in
the wastewater. Also, batch operation of the plant resulted in long idle periods in the stagnant GAC vessel when the
sulfate-reducing bacteria could grow.

The GAC unit manufacturer recommended destruction of the bacteria through pH shock. The normal pH of water
flowing t.luough the carbon was in the range of 7.5 + 1 unit. The recommended procedure prescribed that a 5 % solution of
sodium hydroxide be fed into the vessel to soak for four hours. The caustic solution would be drained, and a 5%
hydrochloric acid would be injected to neutralize the residual sodium hydroxide residual.

Two attempts at pH shock treatment were undertaken. A soak time of 24 hours was performed on the fmt try with
unsatisfactory results. One potential reason for the poor results was insuftlcient contact time with the caustic solution due
to the porous nature of the activated carbon. A second attempt at shock treatment was undertaken with a soak time of 6
days. In both cases, a final water rinse of the carbon was performed (not required by the manufacturer procedure) before
the vessel was placed back in service. After the second shock treatment, the odor in the effluent was considerably
reduced, but not completely eliminated. In a month, the original strength of the odor returned.

A review of overall plant operations was performed to determine if any of the parameters could be changed to alleviate
the problem with bacterial growth. Normally, the chemical precipitation/microfdtration system is considered an optional
process. However, it was noted that this unit operation controls the pH of the wastewater to the UV/peroxide system and
the granular activated carbon. The final step in the chemical precipitationlmicrofdtration process is to adjust the pH to
7.5. By increasing the pH to approximately 9.5, bacteria in the downstream GAC wotid theoretically be destroyed. Over
time, aII sites within the porous carbon would be contacted and the bacterial growth would be eliminated. Other unit
processes would not be adversely affected by the change in pH, since pH adjustment is required in the plant effluent in any
case. At the time of this publication, this process change was not in place long enough to determine its effectiveness.

IV. PERFORMANCE RESULTS

Approximately fifteen different batch mixed and hazardous wastewaters have been treated to date at the SWTF. The
performance of the SWTF treating five of these wastewaters are attached (See in Table 1). The efficiency of the SWTF
was in the 99% range for removal of metals, volatile organics and radionuclides.

A brief description of the five wastewater sources where performance results are cited is as follows:

● Thermal resorption condensate from Ryan’s Pit at RFETS 0U2 is a secondary liquid wastewater from the thermal
resorption of contaminated soils removed from a hazardous drum burial pit.

. Thermal resorption condensate from Trench 3/Trench 4 at RFETS 0U2 is a secondary liquid wastewater from the
thermal resorption of contaminated soils removed from a hazardous drum burial trench.

● RCRA tank stabilization wastewater was contaminated groundwater containing uranium which had infdtrated into
RCRA waste storage tanks.

● Thermal resorption condensate from the Mound Project at RFETS 0U2 is a secondruy liquid wastewater from the
thermaI resorption of contaminated soils.

● Contaminated groundwater leaching from contaminated soils collected in the 881 Hillside collection well at RFETS
Oul .



V. CONCLUSIONS

The SWTF is a versatile water treatment faciliv capable of handling nearly all environmental remediation wastewaters
identified at RFETS. Operational experience at the SWTF has established hat VOCS, metals, and radiological
contaminants from a wide variety of infiuent wastewaters are effectively treated with removal efficiencies in the 99%
range.

Despite the versatility of the system, technical setbacks were encountered on several occasions during the treatment of
remediation wastes. Regardless of efforts to characterize the influent wastewater, random constituents from poorly
documented historical activities presented the greatest risk to safe and successful treatment. Struggles with unexpected
levels of copper, hydrogen sulfide, cyanide, and sulfate-reducbg bactefia l@hli@t the list of unexpected contaminants
encountered during treatment operations. The battle to conquer problems associated with relatively unknown wastewaters
is an ongoing challenge at the SWTF.
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TABLE 1

PERFORMANCE RESULTS FROM THE SITEWIDE WATER TREATMENT FACIIXI’Y

Contaminant Infiuent Effluent Removal Dischar~e Standard
Concentration Concentration Efilciencv

Therrnal DeSorption Condensate from Rvan’s Pit, Operable Unit No. 2

I Copper I 78,700 pg/L . I <25 pg/L I 99.9+% I 25 pg/L I

Thermal Resorption Condensate from Trench 3/Trench 4, Operable Unit No.2

Cyanide 20,000 ,ug/L 5 pg/L 99.9+% 5 pg/L
Copper 99,100 ,ug/L 25 pg/L 99.9+% 25 pg/L
Total Organic Carbon 306 mglL - 14.5 mglL 95% NA

RCRA Tank Stabilization Wastewater

Uranium 238 170 + 6 Pci/L 0.048 +0.012 Pci/L 99.9+ % 10 pg/L Total Uranium
Uranium 235 7.1 +10 pci/L 0.002 +0.002 pci/L 99.9+% 10 pg/L Total Uranium
Uranium 234/233 211 & 8 Pci/L 0.065+-0.013 pci/L 99.9+% 10 pg/L Total Uranium

Thermal Resorption Condensate from Mound Pro.iect. Operable Unit No.2

Copper 3200 pg/L <25 pg/L 99.2+ % 25 pg/L
Iron 5800 pglL <300 pg/L 95+% 300 pg/L
Acetone 470 pg/L <10 pg/L 98+% 10 ~g/L
2-Butanone 94 I.@L <5 pg/L 94.6+ % NA

881 Hillside Collection Well at Operable Unit No. 1

Tetrachloroethene 940 pg/L <5 ,ug/L 99+% I 5 VglL
Trichloroethene 88 pg/L <5 pg/L 94+% I 5 pg/L


