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EXECUTIVE SUMMARY

The Oak Ridge National Laboratory (ORNL) is conducting a demonstration of
cometabolic technology for bioremediation of groundwater contaminated with
trichloroethylene (TCE) and other chlorinated and aromatic solvents. The technology
demonstration is located at a seep from the K-1070-C/D Classified Burial Ground at the Oak
Ridge K-25 Site. Funding for this demonstration is provided by the U.S. Department of
Energy (DOE), Environmental Restoration/Waste Management Program, Office of
Technology Development.

The technology demonstration is designed to evaluate the performance of two
different types of cometabolic processes. In both cases, the TCE is cometabolized in the
sense that utilization of a different primary substrate is necessary to obtain the simultaneous
(co)metabolism of TCE. Trichloroethylene alone is unable to support growth and
maintenance of the microorganisms. Methanotrophic (methane-utilizing) technology is being
demonstrated first; toluene-utilizing microorganisms will be demonstrated later, funding
permitting. The demonstration is based on scaleup of laboratory and bench-scale prototype
equipment that was used to establish the technical feasibility of the processes.

Cometabolic biotreatment of chlorinated organics in groundwater offers several
potential advantages over air stripping technologies now used for treatment of groundwater.
The organics are destroyed biologically, and no large off-gas streams are created that require
further treatment by activated carbon and/or incineration for disposal. The cometabolic
technologies are expected to generate very small quantities of biosludge and off-gas (no air
permit was required for this demonstration). Equipment requirements are simple, and costs
for cometabolic biotreatment of groundwater are projected to be comparable to costs for
treatment of municipal and low-strength industrial wastewaters. Successful demonstration of

ix



this technology at the pilot scale will help to validate performance expectations and to
encourage further application to DOE’s environmental remediation and waste management
problems.

This interim report is a summary of the start-up and early operation of the
methanotrophic bioreactor system to treat the seep water at the demonstration site. The
initial objectives were to

(1) demonstrate stable operation of the bioreactors and associated equipment,
including the pretreatment and effluent polishing steps; and

2) evaluate the biodegradation of TCE and other organics in the seep water for
the three operating modes — air oxidation pretreatment, steam stripping
pretreatment, and no pretreatment.

A bioreactor skid system is on loan to ORNL from the Air Force Civil Engineering
Support Agency (AFCESA). It has been modified and upgraded for the present application
and is contained within a van-type trailer installed at the demonstration site. Start-up was
achieved in late September 1991 to meet an award-fee milestone. After a brief operating
period, in which difficulties were encountered with the steam supply for the steam stripper,
winter operation was discontinued because of a lack of funding. Operation in the air
oxidation pretreatment mode was initiated in March 1992 following receipt of funds.

The air oxidation mode has been operated successfully, and performance data have

been obtained during start-up and for one relatively stable extended operating period of ~2

weeks. Equipment malfunctions and delays in waste disposal interfered with operation on
several occasions and limited the amount of data obtained. Evidence for degradation of TCE
and other volatile organic compounds (VOCs) was seen early in the June operating period

and in late August, with apparently no sustained degradation in early August. (There was no



operation in July because of waste disposal procedures.) Factors that may have contributed
to the apparent lack of sustained degradation include frequent unsteady-state conditions and
data variability, a pH excursion for several hours when the pH controller failed, and
insufficient hydraulic residence time for treatment of low concentrations of VOCs.
Operation in the air oxidation pretreatment mode was discontinued on September 1
coincident with the need for waste disposal. The microbial culture will be sampled and tested
for TCE-degrading activity in the laboratory. If the activity is low, the bioreactors will be
reinoculated. The steam stripping pretreatment mode will be tested when operation resumes

in September.






1. INTRODUCTION
1.1 BACKGROUND

ORNL is conducting a demonstration of two cometabolic technologies for
biotreatment of groundwater contaminated with TCE and other chlorinated and aromatic
compounds. The demonstration is based on scaleup of laboratory and bench-scale prototype
equipment that was used to establish the technical feasibility of the processes. The
technology demonstration is located at a seep from the K-1070-C/D Classified Burial Ground
at the Oak Ridge K-25 Site. Funding for this demonstration is provided by the U.S. DOE
Environmental Restoration/Waste Management Program, Office of Technology Development.

The seep water contains TCE, perchloroethylene (PCE), benzene, toluene,
chlorinated ethanes, and other VOCs at a total concentration of several parts per
million (ppm) (see Table 1). This seep water is currently discharged through a National
Pollution Discharge Elimination System (NPDES) permitted outfall. To maintain regulatory
compliance, the treated water from the demonstration process is collected in a tanker trailer
and transported to the Central Neutralization Facility (CNF), a licensed treatment facility at
the K-25 Site.

Cometabolic biotreatment of chlorinated organics in groundwater offers several
potential advantages over air stripping technologies now used for treatment of groundwater.
The organics are destroyed biologically, and no large off-gas streams are created that require
further treatment by activated carbon and/or incineration for disposal. The cometabolic
technologies are expected to generate very small quantities of biosludge and off-gas. (No air
permit was required for this demonstration.) Equipment requirements are simple, and costs
for cometabolic biotreatment of groundwater are projected to be comparable to costs for

treatment of municipal and low-strength industrial wastewaters. Successful demonstration of



Table 1.

2

Contaminants detected in Storm Drain SD-180-04 (new sampling point

designation: SU-31) at the K-25 Facility, April 1990. All concentrations reported in units of
mg/L. (ppm) except alpha and gamma activity (pCi/L). Underlining indicates chlorinated
volatiles and aromatic compounds that may be degraded to some extent in the bioreactor.

Range of Values above
Number detection detection Average
Chemical detected limits limits value
-LLJ-Trichioroethape 4/4 = 4.9-68 39
—L12-Trichlarocthane 24 0.25-0.25 0.025--0.033 0.029
-Di c 4/4 - 0.98~1 0,995
1,1-Dichlogroethene 4/4 -, 0.51-0.64 0.57
1,2-Dichloroctienc (total) /4 - 0.58-0.81 0.68
1.Ethyl-2.methyi-benzene pIp) o 0.33-033 033
e 22 0,068-0.069 0.0685
J-Peatanql 2R o~ 033--0.38 0355
1h-Indene, 1-cthylindene 1/1 as, 0.042—0.042 0.042
1h-Indene, 2.3-Dihydro-Methyl 22 —. 0.033-0.06 0.0465
2-Butanone 14 02-0.5 0.022--0.022 0.022
2-Methyinaphthalene 5/5 -~ 0.076-0.092 0.087
3-Octanope 22 . 0.025-0.038 0.0315
Acenaphibene 5 — 0.002-0.003 0.0026
Alpha Activity 75 12 1-1 1
Aluminum 375 0.04--0.104 0.091-0.144 0.12
Aroclar-1221 15 0.00057--0.0063 0.00071-0.00071 0.00071
Aroclor-1232 2/S 0.00057--0.0054 0.00091--0.0011 0.001
Aroclor-1242 25 0.00057--0.0025 0.00069-0.00078 0.000735
Arocior-1248 1/s 0.00057-0.0006 0.0038--0.0038 0.0038
Banum 5/5 i~ 0.434-0513 0.46
Benzene 4/4 - 1.2--13 1.2
Benzene 2-Ethyl-1,4-Dimethy! 1/1 - 0.033-0.033 0.033
Bexymum 173 0.001-0.001 0.001-~0.001 0.001
Bromacii (ACN) R = 0.017-0.018 0.0175
Butagpe, 1,1°-oxybis(2,1-ethanediyioxy)bis mn o=, 0.64-1.6 1.2
Butane, 2-Methyl- /8 — 027045 0345
Cadmium 15 0.005-~0.005 0.005-0.005 0.00S
Calcium S5 - 69.8-93.9 823
Chromium 35 0.01--0.01 0.014~-0.03 0.02
Cobatlt 25 0.02-0.02 0.021--0.032 0.0265
Copper 25 0.01-0.01 0.018-0.025 0.0215
Di-n-buryiphtbalate 25 0.011-0.012 0.003--0.004 0.0035
Diacetone Alcohol 22 = 0.022--0.028 0.025
Dibeazofuran 3/5 0.011-0.012 0.002--0.003 0.0027
Diethyi Benzene n = 0.024--0.024 0024 _
Dimethyl Napthalene 22 - 0.015-0.032 0.0235
Etbenyl Methyl Benzene 22 — 0.05-0.08 0.065
Ethyl Dimethyl Benvene 4/4 - 0.024-0.031 0.027
Fihwt Methyl Benzene 777 -, 0.06~0.19 0.14
__Ethyi benzene 373 — 0.31-0.43 037
Fluorens B _ 0.003-0.004 0.0038
JFreon 113 EYe) - 1928 p 1)
Freon 123 4/4 - 1.7-=2.8 215
Gamma Activity 25 0-0 00 0
Heptachlor epaxide 1/5 0.000057-0.00006 0.00012-~-0.00012 0.00012
Hydroperoxide,1-Methyipentyl 4 — 05085 0.703
Iron 5/5 - 18.1-268 215
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Table 1. Contaminants detected in Storm Drain SD-180-04 (new sampling point
designation: SU-31) at the K-25 Facility, April 1990. All concentrations reported in units of
mg/L (ppm) except alpha and gamma activity (pCi/L). Underlining indicates chlorinated
volatiles and aromatic compounds that may be degraded to some extent in the bioreactor.

(continued)
Range of Values above
Number detection detection Average
Chemical detected limits limits value
Methyleyciobutane i1 o, 03-03 03
Mewhvicyciopentane pIzA -, 0.17-0.18 0.175
Methylene Chioride e 0.]1--0.1 Q.16-0.48 031
Methyipropyl Benzene 6/6 - 0.014-0.033 0.026
Malybdenum 172 0.02-0.02 0.145=0.145 0.145
Napluhalene S/5. ~ 0.093-0.13 0.11
Napnthateae, -Dimethvi- 33 - 0.017~0.024 0.02
Nickel 1/5 0.02-0.02 0.02-0.02 X174
Pentane 33 sev, 0.31--0.55 0.44
Phenanthrene 35 - 0.004--0.005 0.0042
Potassium 4/5 1.9-1.9 223-2.73 25
Propane,2-Methaxy-2-Methyl 22 - 0.11-0.15 0.13
Propenyt Benzene 11 v, 0.077-0.077 0077
Sileon 22 - 421-6.1 52
Silver 25 0.005~0.005 0.006—-0.133 0.0695
Sadium 55 . 11.1-152 131
Strontium 22 — 0.053--0.105 0.07%
Tetrachincocthene 24 0.25-0.25 0.063~0.067 0.065
Tetramethyl Benzene 4/4 - 0.02~0.031 0.023
Thorium 2 00003 08810881 028
Toluene 44 i, 27-3.1 29
Trichiorocthene 443 i, 033-0.43 0385
Trimeihyl Benzene 2721 0.058~0.36 0.16
Unknown 2121 - 0.017-0.053 0.033
Unknown Hydrocarbon 28728 V- 0.018-0.23 0.060
Urattigm 238 12 02-02 44444 143
Vanadium 3/5 0.01-0.01 0.01-0.014 00127
Xylene (total) 44 - 1.4-1.9 1.625
Zioc 45 0.01-0.01 0.01-0.068 0.042
bis(2-Ethyihexyt)phthaiate 15 0.011-0.012 0.004-.0.004 0.004
g-Propytbenzene 6/6 - 0.031-0.86 0.17
Lead 25 0.03-0.03 0.036-0.041 0.0385
Magnesium 55 - 9.78-129 113
Manganese 55 - 11.4-137 127
Methyt Methyl Ethyl Benzene 11 . 0.036~0.036 0.036
Methyl Naphthaiene Y - 0.044~0.044 0.044
Methyl Propenyl Benzene i3 - 0.039-0.035 0.024

Source: D. Miller, personal communication to S. E. Herbes, 10/8/90. Exerpted from
"Site Characterization Summary: K-1070-C/D Classified Burial Ground." Report No. K/ER-
4/D1 (Draft): Appendix C (Surface Water Sampling Data). Environmental Restoration

Division/ K-25 Environmental Restoration Program, March 1990.
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this technology at the pilot-scale will help to validate performance expectations and to
encourage further application to DOE’s environmental remediation and waste management

problems.

12 BIODEGRADATION CHEMISTRY

Cometabolism is the term generally applied to the phenomenon in which utilization
of a primary substrate enables the simultancous (co)metabolism of another species that alone
is unable to support growth and maintenance of the microorganisms. Chlorinated solvents
are known to be degraded by these mechanisms. Methanotrophs are able to degrade TCE
via a nonspecific enzyme called methane monooxygenase (MMO), whose principal function
is to oxidize methane to provide energy for the microbial cells. MMO will also convert TCE
to an epoxide; the epoxide is relatively unstable and spontaneously hydrolyzes to form several
other chlorooxygenated compounds that are further biodegraded relatively easily by other

microorganisms.! The process is represented below.

Cl cl Cl Cl cl cl
\ / \ / \ /
cC=2cC MMO__ . Cc——C + water H—C—C—H
/ \ /' \ / \ / \
Cl H Cl 0] H OH OH
TCE TCE Epoxide Diols, etc.

Certain toluene-degrading microorganisms are also known to degrade TCE by a cometabolic
pathway using another nonspecific enzyme, toluene dioxygenase.

PCE and cher chlorinated alkanes such as 1,1-dichloroethane (1,1-DCA) and 1,1,1-
trichloroethane (1,1,1-TCA) are believed to be recalcitrant to oxidation in an aerobic

environment, but they are degraded anaerobically by reductive dehalogenation mechanisms.
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Nevertheless, researchers at the University of Tennessee have seen apparent degradation of
these compounds in an aerobic biofilm reactor.? They postulate that degradation occurs in
anaerobic niches within the biofilms. Thus, it is not known a priori if these and other
compounds in the K-25 seep water will bc degraded in the pilot-scale bioreactors. These
compounds will be monitored in the seep water and bioreactor effluents to determine if

degradation occurs.
13 SCOPE OF PILOT-SCALE FIELD TESTS

ﬂk interim report is a summary of the start-up phase and the initial operating
campaign for the methanotrophic technology using an upgraded bioreactor system on loan
from the AFCESA, Tyndall Air Force Base, Florida. ORNL has been a leader in the
development of this technology through the applied research and bench-scale phases. Scaleup
for the field demonstration was based on process development work.>*

The objectives of these field tests are to:

1. demonstrate stable operation of the bioreactor and associated equipment,
including the pretreatment and effluent polishing steps; and

2 evaluate the biodegradation of TCE and other organics in the seep water for

the three operating modes — air oxidation pretreatment, steam stripping
pretreatment, and no pretreatment. :

Operation of the pilot-scale process equipment will continue to further characterize
and improve the process performance. Further data analysis and interpretation will be
undertaken. Development and testing of the second cometabolic technology, based on
toluene-degrading microorganisms, is planned for the second phase of the project after
demonstration of the methanotrophic technology. The ultimate goal is to demonstrate both

technologies side by side. Additional detailed information concerning this technology
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demonstration can be found in the test plan,® which includes the Safety Assessment, Health
and Safety Plan, Waste Management Plan, and Quality Assurance/Quality Control (QA/QC)

Plan.

14 PROJECT OVERVIEW AND CHRONOLOGY

A list of the major events and dates associated with the pilot-scale phase of this
program is given in Table 2. From March through August 1992, the focus has been on the
air oxidation pretreatment mode. Operation in the steam stripping mode will be conducted
in September 1992, and continued operation beyond this date will be pursued as funding

permits.

2. PROCESS EQUIPMENT DESCRIPTION

2.1 BIOREACTOR SKID UNIT

The bioreactor skid unit was loaned from the AFCESA. It is one of three essentially
identical units constructed by Battelle Columbus for the AFCESA for field tests at Tinker
AFB, Oklahoma, using methanotrophic microorganisms for cometabolism of TCE in
groundwater. (ORNL provided a microbial culture to Battelle for inoculation of the
bioreactors for the Tinker AFB tests.) One of the three units is presently being used by the
AFCESA for in-house development work, and the third unit is on loan to the DOE Savannah
River Laboratory for groundwater treatment studies.

.As received from the AFCESA, the skid contained two stainless steel (SS) bioreactor

columns ~1 ft in diameter and 6 ft tall, mounted on a structural support frame, with an

electrical control panel; a nutrient addition tank; and miscellaneous flow meters, pumps, and

sensors. The piping, flow meters, sensors, controllers, and pumps were upgraded at ORNL
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Table 2. Major events during cometabolic bioreactor demonstration

~ EVENT | DATE
Received Bioreactor Skid From AFCESA 8/90
Obtained Van Trailer 3M1
Completed Installation of Skid In Trailer and Equipment Checkout 8/91
Completed Safety Review 8/M91
Transported Trailer from ORNL to K-25 Site 891
Completed Instatlation at K-25 Site 9/91
Received Approval for RCRA '90-day and Satellite Waste

Accumulation Areas 9/91
Completed Readiness Review and Received Approval to Operate 9/91
Inoculated Bioreactors 9/20/91
First Introduction of Seep Water : 9/27/91
Total Shutdown -- Insufficient Funds 12/3/91
Receipt of FY 1992 Funds (authorization to proceed) 2/15/92
Reinoculation 3/5/92
Introduction of Seep Water — Air Oxidation Mode 5/28/92
Shutdown (total recycle) -- Land Disposal Restrictions Alert 6/6/92
Resume Treatment of Seep Water 6/18/92
Replacement of Main Feed Pump 7/1/92
Shutdown for Waste Disposal (total recycle) : 7/6/92
Resume Treatment of Seep Water 8/3/92
Shutdown for Waste Disposal (total recycle) 9/1/92
Resume Treatment of Seep Water -- Steam Stripping Mode TBD
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to provide several different operating modes, as described later. The process flow diagram
is shown in Fig. 1. Both bioreactor columns operate as trickle bed bioreactors; they can be
operated in series, in parallel, or individually. The ceramic Raschig ring packing in the
columns was removed, and a structured packing obtained from Koch Engineering (Fig. 2a)
was installed in both columns. The structured packing is constructed of a woven gauze fabric
of polypropylene and polyacrylonitrile. This packing is designed to maintain uniform liquid
distribution over the surface area at low flow rates. The liquid distributor used by Battelle
(Fig. 2b) was cleaned and reinstalled at the top of each column. A new nutrient feed tank,

constructed from a 30-gal stainless-steel drum, was installed.

22 PRETREATMENT SYSTEMS

Two pretreatment systems were added (see process flow sheet in Fig. 1) to prevent
iron in the seep water [typically 20 mg/L; (see Table 1)] from entering the bioreactor columns
(where it would oxidize and precipitate, likely interfering with the biofilms and perhaps
plugging the bioreactor). One pretreatment system is an air oxidation system, purchased
locally from Continental Water Systems, for iron removal from the seep water. The second
pretreatment system is a steam stripper. This unit removes the organics from the seep water
for treatment in the bioreactors, while the iron remains with the seep water. The steam
stripper was designed and constructed at ORNL and installed on the bioreactor skid frame.
The stripper is an insulated column 6 in. in diameter and 8 ft tall, packed with 5/8-in.

stainless-steel pall rings.

23 FIELD INSTALLATION
The bioreactor skid and pretreatment equipment were installed in a van-type trailer

(Fig. 3). The trailer is located at the parking lot just east of Building K-1098-D at the K-25
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Site and on the west side of Avenue D (Fig. 4). Electrical service (3 phase, 240 V, 100 A)

is obtained at a pole beside the trailer. Premixed 3% methane in air is provided from
compressed gas cylinders outside the trailer. Water from the K-1070-C/D seep on the east

side of Avenue D is collected in an ~ 5-gal covered container (to minimize volatilization

losses) and piped across the street via a 1/2-in.-diam stainless line covered with a traffic ramp
on the street. The feed pump is located in the trailer. Steam for the steam stripper was
originally provided via a flexible hose from the utility steam service at Building K-1098-D.
However, a stand-alone electrical steam generator has been installed in the trailer to provide
a cleaner steam supply for the steam stripper pretreatment mode. The process steam from
K-1098-D will be used to preheat the seep feed for that operating mode. Off-gas from the
bioreactors, containing <1% methane in air and parts per million levels of VOCs, is vented
to the environment outside the trailer. The 6300-gal tanker trailer for effluent storage and
a 1500-gal polypropylene surge tank are located in a 90-d Resource Conservation and
Recovery Act (RCRA) storage area immediately adjacent to the process trailer. In the air
oxidation and no-pretreatment modes, the effluent water from the bioreactors is treated in
the steam stripper (described previously) to minimize residual organics in the wastewater sent
to the CNF. These stripped organics are collected in a 55-gal drum designated as a RCRA

satellite waste accumulation area.

24 WASTE DISPOSAL

Prior to disposal, all major aqueous effluent streams are treated using the steam
stripper to remove VOCs. This step is part of the main process operation for the steam
stripping pretreatment mode. For the other modes, the steam stripper is used as an effluent
polishing step. After steam stripping, liquid effluents are routed to a 6300-gal tanker trailer

located at the site and ultimately transported to the CNF at the K-25 Site for discharge
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through an NPDES-permitted point. The waste management plan requires that this treated
water in the tanker be sampled and analyzed to ensure compliance with the CNF waste

acceptance criteria (Table 3) before it is released to the CNF.
3. OPERATING MODES

3.1 STEAM STRIPPING PRETREATMENT

This operating mode is depicted in Fig. 5. Raw seep water is applied to the top of
the packing, and steam is added at the bottom via an automatic control valve to produce only

a very small quantity of overhead vapor (~ 5% of the seep water feed). This vapor contains
~99% of the volatile organics and is sent to the bioreactors, which are operated in series in

essentially total recycle. A small liquid purge stream, equal in mass to the vapor rate entering
the bioreactors, is sent back to the top of the steam stripper to maintain a constant liquid
volume in the bioreactor recycle loop. Meanwhile, the seep water exits the bottom of the
steam stripper, stripped of organics but still containing iron, other minerals, and nonvolatiles.

This water is sent to the tanker trailer for ultimate disposal at the CNF.
3.2 AIR OXIDATION PRETREATMENT

A simplified block flow sheet for this mode is shown in Fig. 6. Air is bubbled through
the seep water in one tank/column to oxidize the iron, and then the ferric hydroxide is
removed in a second sand filter column. Effluent water from the sand filter is then sent to
the trickle filter bioreactors. The sand c;olumn is backwashed periodically (on an automatic
timer circuit) to remove the precipitates. The air feed to the oxidation unit is the same
air/methane gas mixture for the bioreactors; the off-gas from the oxidation unit is fed to the

first bioreactor (Column A) to maintain the methanotrophic microorganisms. This
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Table 3. Waste acceptance criteria for the Central Neutralization Facility

CONSTITUENTS CRITERION (mg/L)
Cadmium 2.6
Chromium 2.89

Copper 20.7
Lead 143
Nickel | 17
Silver 12
Zinc 9.25
Cyanide 0.65
Total toxic organics - 213
Oil and grease 26
Total suspended solids 270
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configuration allows for biotreatment of organics stripped from the seep water in the air
oxidation unit. For this technology demonstration, the treated water from the bioreactors is
polished with the steam stripper, as described previously, before it is sent to the tanker
trailerfor storage and analysis and eventual treatment at the CNF. Actual implementation
of this technology for this or other applications may or may not require effluent polishing,
depending on process performance and the applicable regulations for discharge of the treated

water.
33 NO PRETREATMENT

This mode is the simplest and requires the least equipment (Fig. 7). Tests will be
conducted to determine if this mode is practical for treatment of water containing significant
iron. Raw seep water is fed directly to the bioreactors, which may be operated with some
liquid recycle to increase the hydraulic residence time if necessary. For this technology
demonstration, the effluent is treated with the steam stripper as in the air oxidation

pretreatment mode.
4. PROCESS MONITORING AND SAMPLING
4.1 PROCESS CONTROL AND PERFORMANCE

The process equipment provides the capability to obtain liquid and gas samples at
many different locations. For routine process monitoring, liquid and gas samples are obtained
periodically at seven different locations, shown schematically in Fig. 8, for the steam stripping
mode. Liquid samples are obtained from the seep water feed line (L1), the treated effluent

water to the tanker trailer (L2), the liquid flow between the two bioreactors (L3), the liquid
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effluent from the second bioreactor (14), and the overhead vapor from the steam stipper
(LS). Gas samples are obtained from the methane/air feed stream (G1) and the off-gas
streams from each bioreactor column (G2 and G3). Locations L2 and L5 are not sampled
routinely in the air oxidation and no-pretreatment modes because they are not directly related
to process performance.

During start-up of the process equipment, two sets of samples were collected per day
to obtain more information on process performance during the critical start-up period.
During routine stable operation, one set of samples per day is judged to be adequate to
monitor the process performance. In addition to the liquid and gas samples described
previously, the other operating conditions such as flow rates, temperatures, and pH were
noted and recorded by the project staff during daily visits to the process trailer.

Several other parameters are measured periodically to aid in interpreting the VOC
concentration data in terms of biodegradation. Samples of the liquids obtained from ports
L1 through 14 are assayed for nutrients (nitrate, ammonia, and phosphate) and biomass (as
volatile suspended solids). Liquid samples are submitted periodically to Analytical Chemistry

at K-25 for analysis of VOGs to serve a QA/QC function in support of the daily process

monitoring and sample analyses carried out by project staff.

42 WASTE DISPOSAL

Analysis of the treated effluent in the tanker trailer is required to ensure that the
waste acceptance criteria for the CNF are met (Table 3). Upon request from the project

engineer, the K-25 staff sample the tanker and submit the samples for analysis.
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5. ANALYTICAL METHODS

5.1 ORNL SUPPORT LABORATORY
5.1.1 Liquid Samples

Liquid samples were analyzed using a Hewlett Packard (HP) 5890 gas chromatograph
equipped with an electron-capture detector, located in Building 3017. The response of the
detector was plotted and integrated with a HP model 3396A recording integrator. Separation

was achieved with an AT-624 60-m by 0.53-mm LD. capillary column with 1-um film
thickness (Alltech, Inc.).

Liquid samples were collected using a separate 25-mL gastight syringe for each sample
point. The syringe was first rinsed with the sample and then emptied. A 12-mL sample was
then taken and injected into a 40-mL amber borosilicate vial containing 12 mL of hexane and
8 mL of acetone. The acetone partitioned wholly into the water and prevented formation of
a hexane-water emulsion. The vials were sealed using screw-cap closures with a Teflon-faced
silicone rubber seal. These samples and a blank containing deionized water were extracted
overnight on a rotator. Approximately 1.5 mL of the hexane phase was then pipetted into
a 2-mL autosampler vial and sealed with a crimp-type septum seal. The vials were then
placed on the autosampler tray for an HP Model 7673A automatic sampler/injector. The
integrator was programmed to calculate the concentrations of the target organics based on
calibration with known standards.

The gas chromatograph was recalibrated weekly using standards prepared from a
certified standard mix purchased from RESTEK, Inc., to EPA specifications. The calibration

mix contained 2000 mg/L of each of the target compounds (TCE; 1,1,1-TCA; 1,2-trans-DCE;
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PCE; 1,1-DCA,; and methylene chloride) prepared in purge-and-trap grade methanol. These
mixes were then diluted with hexane or water to make calibration standards in the

concentration range of 1 ug/L. to 1000 ug/L.. The detection limits are estimated to be 1 ug/L
for TCE; 1,1,1-TCA; and PCE in liquid and gas samples and 200 pg/L in liquid samples and
100 pg/L in gas samples for 1,1-DCA. The headspace gases in the extraction vials were

assayed for VOCs; none were found. Furthermore, selected standards prepared in hexane
gave results identical with standards prepared in water. On this basis, it is assumed that the

extraction procedure recovered essentially all of the VOCs in the aqueous samples.
5.12 Gas Samples

Gas samples were analyzed for the target organics using the gas chromatograph
described previously without the autosampler. Gas samples were obtained for both methane

and organics apalysis using 2-L Tedlar bags. Five-ul. samples from the Tedlar bags were
injected into the gas chromatograph using a 10-uL gastight syringe. The Tedlar bags were

then purged with ambient air and evacuated before reuse. Ambient air blanks were
periodically run to verify that no cross contamination was occurring between uses. The
integrator contained a separate program to calcutate the concentrations based on runs with
known standards. The calibration standards were prepared from the certified standard mix

described previously.
52 K-25 ANALYTICAL LABORATORY

During stable operation, samples of gas and liquid streams are submitted periodically
to the K-25 Analytical Laboratory for VOC assays by approved EPA standard methods.

These results serve a QA function for results of our own process monitoring. (No samples



24

have yet been submitted for this purpose.) Samples for characterization of the effluent
tanker contents have been assayed by the K-25 Analytical Laboratory, and our target VOGCs
were found to be below detectable limits. However, the mixed contents of the tanker are not
necessarily representative of the treated water discharged from the bioreactors for a variety
of reasons, including steam stripping of the bioreactor effluent, possible volatilization of
VOCs during transfers, and addition of uncontaminated rainwater from the diked area to the

tanker.
6. DATA MANAGEMENT AND ANALYSIS

Concentration data for VOCs were entered into a Lotus® spreadsheet along with the

liquid and gas flow rates for each column, pH, temperature, and additional comments
concerning operation of the system. The spreadsheet automatically calculates a percent
degradation for each compound detected. The degradation is calculated from a steady-state
material balance around each bioreactor. The amounts of each compound leaving the
bioreactor in the off-gas and liquid streams are subtracted from the amount entering, and the
difference is attributed to degradation. This calculation is summarized for TCE in

Equation 1 in terms of percent degradation of the quantity of TCE in the seep water fed to

the system.

mgfmin TCE, - min TCE, . - in TCE
% degradation = g tguid in ~ ™8/ . tiguid e ~ MO0 TCE x 100
mg/min TCEW n

)

The degradations for the other compounds were obtained from similar calculations. The
spreadsheet is saved on both floppy disk and the hard disk drive in the support lab every time

it is updated, and it is backed up weekly on the hard disk drives in two nearby offices.
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Graphs of the data for each compound versus the date sampled are included in the

spreadsheet and are easily updated to include new data.
7. RESULTS
7.1 FALL 1991 OPERATING CAMPAIGN

An overview of the major events associated with start-up and operation of the
demonstration is given in Table 2. More details on daily events are shown in the
comprehensive data tables in the Appendix A

The system was inoculated with 2 I of dense microbial culture grown up from a mixed
culture enriched from groundwater obtained from the DOE Kansas City Plant?
Approximately 40 L of a liquid mineral salts medium was recirculated through both bioreactor
columns (designated A and B) in series in total recycle at 1 L/min. A 3% methane/air
mixture was fed to both columns in parallel at 0.5 L/min. This mode of operation was

maintained for ~ 1 week to provide opportunity for development of biofilms on the packing
in the columns. The pH was maintained at ~7.0 by manual addition of HCl as needed.

Mineral nutrients were replenished periodically by removing a portion of the liquid (typically
10 L) and replacing it with fresh medium (see Table 4).

On September 27, 1991, seven days after inoculation, seep water was first introduced
to the system via the steam stripper for a limited period of 30 min at a feed rate of 1 L/min
of scep water. The overhead VOC-rich vapors were sent to the bioreactors, which were
operated in total liquid recycle. Difficulties with the analytical procedures prevented
monitoring of methane and organics at this time. Additional methods development work was

carried out, and resumption of seep water treatment was initiated in early November using
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Table 4. Nutrients concentrate recipe’

NUTRIENT CONCENTRATION
CaCl,-2H,0 | 1.325 g/L
MgSO, - 7TH,0 50 gL
KNO, 5.0 g/L
FeCl, 6.75 mg/L
MnSO, - H,0 0.05 mg/L
Zn(NO;),+6H,0 0.35 mg/L
CoCl,+H,0 0.05 mg/L
| MoO, - 0.05 mg/L.

*This solution is added to the seep water feed at ~5 mL/min. After dilution by the
seep water, the concentrations in the feed to the bioreactors are ~1% of those listed in the
_table. These final concentrations correspond to ~ 5% of the concentrations used in earlier
laboratory tests.
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short operating periods as described previously. Following the addition of seep water, the
methane consumption was monitored carefully for several hours to detect any adverse effects.
This procedure was repeated on several occasions.

Addition of overhead vapors from the steam stripper to the bioreactors led to a
significant decrease in methane consumption within an hour (see data in Appendix A). The
original methane utilization rate was recovered slowly over several days. After several
replications of this response, the steam stﬁpper was operated alone (no seep water), and a
comparable quantity of steam vapor was fed to the bioreactors. Again, the methane
consumption dropped significantly, indicating that the behavior was caused by something other
than the seep water.

Further investigation revealed that the steam fed to the stripper contained sufficient
organics to create a film on a sample of the steam condensate and produce an odor. It was
hypothesized that the source of these organics was the rubber lining of the new steam line
installed to deliver steam to the process trailer from the plant steam supply at a nearby
building. At this point, funding for the project was exhausted and operation of the bioreactor
system was suspended. Solution of the steam supply problem was postponed until the second

operating campaign in the spring/summer of 1992.
7.2 SPRING/SUMMER 1992 OPERATING CAMPAIGN
721 Overview of Operating Campaign

On March 5, 1992, following authorization to resume work, the bioreactors were
reinoculated in a manner similar to the initial inoculation. Methane consumption was

monitored frequently as an indicator of bioactivity (Appendix A). Methane consumption was
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observed to be quite dependent on temperature, which is expected for microbial metabolism.

When the ambient temperature dropped to <5°C overnight, the methane consumption

observed in the morning was typically reduced by 20 to 40% compared to the methane

consumption when the temperature was in the 25°C range late in the day. Shakedown of the

air oxidation pretreatment equipment was completed, and analytical methods were refined for
measuring the five target organics in liquid and gas samples.

On May 28, 1992, operation with secp water commenced with several short-term
periods of 1to 2 h at 1 L/min of seep water and O.S L/min of gas to each bioreactor column.
(Liquid flow was sequential through the air oxidation unit and the two bioreactors in series.
Gas flow was in parallel, with separate feed streams to each bioreactor column.) The addition
of seep water caused no significant effect on methane consumption (Appendix A), so
continuous operation was commenced at 0.5 L/min of seep water. An additional 0.5 L/min
of liquid was recycled from the effluent of Column B back to the influent of Column A to
provide a total liquid flow rate in the columns of 1 L/min to assist in good liquid distribution
across the packing at the top of each column.

Liquid and gas flow rates are shown in Fig. 9. After several weeks of operation in
June, during which time samples were taken and analyzed (see following), the system was
returned to total recycle when the waste tanker became full. Approximately 1 month was
required to sample and analyze the contents of the tanker and obtain permission to empty
the tanker at the CNF. Treatment of seep water was resumed on August 3 in the air
oxidation pretreatment mode and continued through September 1, at which time total recycle

was again necessary while waiting for disposal of the contents of the waste tanker.
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On July 22, during operation in recycle, while waiting for waste disposal, TCE and
1,1,1-TCA were added to the bioreactors via a saturated aqueous solution in lieu of seep
water. The purpose was to provide TCE to the system for degradation tests in the event that
waste disposal was substantially delayed. TCA was added as a recalcitrant tracer. The

saturated solution contained ~ 1000 mg/L each of TCE and 1,1,1-TCA and was added to the
bioreactors at ~6 mL/min for ~18 h. The experiment was repeated again on July 30 with
a lower addition rate of ~0.3 mL/min and stopped on August 4 when treatment of seep

water was resumed.

A variety of operational problems prevented maintenance of stable operating
conditions for extended periods, with the exception of one good stable operating period for
about 2 weeks at the end of August. An air leak in the line from the sump at the seep to
the pump in the trailer caused the centrifugal feed pump to discharge at erratic flow rates and
eventually lose its prime. The pump was replaced with a positive-displacement gear pump
on July 1, which has worked satisfactorily. Other difficulties included unsteady gas flow rates
caused by fluctuating liquid levels in the bottom of the bioreactoré and erratic gas addition
to the air oxidation unit in the presence of back pressure from the liquid stream. The pH
controller failed on August 10 and drove the pH up to 7.9 by unnecessary addition of base.
This condition prevailed for several hours before the problem was discovered. The pH was
monitored carefully for several days (it remained stable at 6.5 without addition of acid or

base) until the controller was repaired.
7.22 Methane Consumption

Mass flow rates of methane to the bioreactors and in the off-gas are shown in Fig. 10.

The uncertainty in the August data is estimated to be perhaps +25% due to difficulties in
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maintaining a steady gas flow rate at times, as discussed previously. It can be seen that the
methane consumption has been consistent and substantial, typically around 90% (see detailed
data in Appendix A). Decreased methane consumption was observed to correlate with lower
ambient temperatures, which is to be expected (data not shown). No adverse effect on
methane consumption was observed when seep water was first fed to the system in the air
oxidation pretreatment mode on May 28 and 29 and again on August 3, 1992, when treatment

of seep water was resumed after waste disposal.

723 TCE Degradation

Mass flow rates of TCE in the influent seep water and effluent liquid and off-gas
streams are shown in Fig. 11. The TCE mass flow rate is the product of the concentration
of TCE and the volumetric flow rate for the various streams. Uncertainties in the mass flow

rates are estimated to be about +10% for the liquid streams and perhaps +25% for the

combined gas stream (columns A and B off-gas together) in August. Operating periods in
June and August are separated by the recycle period while awaiting discharge of the contents
of the effluent tanker. No seep water was fed to the bioreactors during this latter period.
The mass flow data during the June time period suggest some degradation of TCE,
as evidenced by lower TCE in the liquid effluent than in the feed and negligible TCE in the
total combined off-gas. A quantitative measure of (apparent) degradation is derived from a
steady-state material balance in which the difference between the TCE in and TCE out is
defined to be degradation (see Eq. 1). Figure 12 shows the apparent TCE degradation

determined in this manner, expressed in pg/min (see Appendix A for daily percentages.). The

TCE fed to the system is also shown for comparison. If the system is operating in a
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non-steady-state mode with accumulation or depletion of TCE in the system by means other
than reaction (such as varying liquid andfor gas flow, varying inlet concentrations,
adsorption/desorption), then the actual degradation of TCE is uncertain. The average liquid

residence time in the system is ~ 1.5 h, which means that ~ 6 h of stable operation is needed

to achieve a steady-state from a hydraulic standpoint.

During June the data indicate >50% degradation of TCE. However, during August
the data indicate more TCE in the off-gas and liquid effluent than was fed to the bioreactors.
This situation is probably a result of the experiment to introduce a step feed of TCE and
1,1,1-TCA to the bioreactors from July 30 to August 4, right before treatment of seep water
was resumed. It is probable that an inventory of TCE accumulated in the bioreactors during
this experiment (discussed following) and washed out when treatment of seep water resumed.
Such accumulation and washout is consistent with the negative degradation rate observed in
Fig. 12. (Similar but less dramatic behavior is seen for 1,1,1-TCA in Fig. 16.) The high
values of TCE in both the liquid effluent and off-gas, compared to the values in June, support

this hypothesis.
724 Degradation of Other Organics

Mass flow rates and calculated degradation rates for 1,1-DCA; 1,1,1-TCA; and PCE
are shown in Figs. 13 through 18. The determination of biodegradation from these data is
subject to the requirement for steady-staté operation, just as for the TCE data. No
methylene chloride or dichloroethylene (DCE) was detected in the seep water during this
operating campaign [although previous analyses of the seep water (Table 1) indicated 0.3

mg/L of methylene chloride and 0.7 mg/L of total DCE].
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In general, the graphs show that the influents and effluents of the various organics
often rise and fall together (but not always). This behavior suggests that common
phenomena, such as varying influent concentrations and flow rates of seep water and gas
streams, may be influencing all the constituents.

During the June operating period, apparent degradation of all VOCs was observed.
The 1,1-DCA degradation was 20 to 30% (Fig. 14), the 1,1,1-TCA degradation was 10 to 80%
(Fig. 16), and the PCE degradation was >50% (Fig. 18). During the August operating

period, the 1,1-DCA and PCE degradations varied widely and appeared to average ~ 0 (Figs.

14 and 18). The 1,1,1-TCA degradation was negative in early August (washout from the

earlier step feed) and then increased dramatically late in the month to >90%.
725 Step Feed of Organics

Approximately S g each of TCE and 1,1,1-TCA were added to the bioreactors on July
22 via a saturated aqueous solution during an 18-h period while the system was on total

recycle. This addition raised the measured concentrations of TCE and 1,1,1-TCA to ~85

mg/l. and 65 mg/L, respectively, at which time the addition was discontinued. Methane
analyses indicated no adverse effect on methane consumption (Appendix A). The experiment
was repeated from July 30 through August 4 at a much lower addition rate but for a longer
period. Approximately 2 g each of the two organics were added over this period. Assuming

a limiting case of no biodegradation, the concentrations would rise to ~ 50 mg/L in the 40 L

of liquid in the bioreactors. However, some of the organics were undoubtedly lost in the off-
gas and probably adsorbed to solid phases. The maximum TCE and 1,1,1-TCA concentrations

measured experimentally in the liquid phase were ~ 1.5 mg/L each on August 4 (See
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Appendix A). It is clear that this addition of TCE and 1,1,1-TCA was capable of creating the
high effluent concentrations seen during early August.

Evidence of the step feed of TCE and 1,1,1-TCA in early August can be seen readily
in Figs. 12 and 16 for TCE and 1,1,1-TCA, respectively. Both graphs show negative
degradation rates in early August right after the step feed was stopped and treatment of seep
water was resumed. This behavior is consistent with washout of the compounds. However,
the PCE data (Fig. 18) show similar behavior, whereas no excess PCE was fed to the system.
The off-gas rate was abnormally high at this time (see Fig. 9), which may bave led to
abnormally high volatilization rates for all VOCs. This unsteady-state behavior would depress

the apparent degradation rates of all the VOCs.
72.6 Statistical Evaluation

The data exhibit a large amount of variability, which makes it difficult to determine
if the system is at steady state and if the apparent degradation rates are significantly different
from zero. The latter uncertainty was addressed statistically by comparing the apparent
percent degradation of TCE; 1,1-DCA; and 1,1,1-TCA to the apparent percent degradation
of PCE. In an aerobic environment, PCE is not believed to be biodegraded (however, see
footnote to Table 5). At each time point, the apparent total percent degradation for PCE
in both columns was subtracted from the percent degradation for the other three organics.
A standard "t" test was used to calculate a 95% confidence interval around the average of
these differences for each column for the June and August operating periods. If the average
of the differences falls outside the 95% confidence interval, then the average is considered
to be significantly different from zero, which may indicate biodegradation (or other unsteady-

state phenomena).



Table 5. Statistical evaluation of the average differences between
the apparent percent degradation of TCE; 1,1,1-TCA; and 1,1-DCA
relative to the apparent percent degradation of PCE.*

PERCENT DIFFERENCE
COMPOUND DATE (+95% CONFIDENCE)

" TCE June 20 + 23
August 22 + 11

1,1-DCA June -14 + 16

August 33+ 26

1,1,1-TCA June -8+ 11

August 8+ 15

*If PCE degradation is hypothesized to be zero, then this analysis indicates if the
target organics are degraded. Work by T. J. Phelps® et al., University of Tennessee, suggests
that PCE may be degraded in aerobic systems via anaerobic niches. If PCE is in fact being
degraded, then this analysis indicates if target organics are degraded at percentages
comparable to or greater than PCE.
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Table 5 shows a summary of the results of this statistical analysis. For the June
operating period, the percents degradation of TCE; 1,1-DCA; and 1,1,1-TCA were not
significantly different from the percent degradation of PCE. The early August period was
omitted because of the washout from the step feed and the pH excursion on August 10.
From August 12 through September 1, the percents degradation of TCE and 1,1-DCA were
less than those of PCE, while 1,1,1-TCA was not significantly different. This analysis may be
helpful in comparing the relative removals of the four VOCs but may not be definitive for
degradation because it has not been established that the reference compound, PCE, is not
degraded. Further statistical analyses will be carried out to evaluate the performance of the

individual bioreactor columns.
8. CONCLUSIONS

Work té date durihg the start-up and initial operation of the cometabolic bioreactor
process has indicated establishment of a stable biofilm population of methanotrophic
microorganisms on the structured packing material in the columns. This conclusion is
supported by significant consumption of methane over extended periods of time, including
extended operation in once-through liquid flow that would wash unattached microbial celis
from the system.

Satisfactory analytical methods have been developed and demonstrated for
determination of TCE; 1,1-DCA; 1,1,1-TCA, and PCE in mixtures of thésc compounds at sub-
ppm levels in aqueous liquids and gases. These methods are working well for daily process
monitoring.

Evidence for removal of TCE and other VOCs was seen in the June operating period
and in late August, with apparently no sustained removal in early August. There are several

explanations for the apparent lack of sustained degradation:
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1. Degradation may have been masked by the relatively large variability in the data
and frequent unsteady-state conditions. Further operation of the system will lead
to a larger data base from which to draw statistical inferences, and more operator
experience should help to achieve more stable operation.

2. The apparent modest degradation seen in June may have been real, and subsequent
degradation in August may have been inhibited by the pH excursion to 7.9 on
August 10 (see Sect. 7.2.1). The data in late August appear to show some increase
in degradation, which could be a recovery from the pH excursion. Maodifications
will be made to the system hardware to protect the microbial culture in the event
of failure of the pH controller. Laboratory tests are under way with samples of the
culture from the bioreactors to determine if the biological activity is still present.

If not, the columns will be reinoculated before the next operational period to test
the steam stripping pretreatment mode.

3. The liquid residence time may not have been long enough to achieve significant
degradation at the low concentrations in the seep water. If this is the case, then
the steam stripping pretreatment mode is expected to produce much improved
performance because the concentration of TCE and the other VOCs will be in the
parts-per-million range in the bioreactors when the concentrated vapors from the
steam stripper are fed to the bioreactors.

Performance of the cometabolic bioreactor process to date in the air oxidation mode
has been consistent with realistic expectations for the normal mechanical and operational
problems associated with the start-up of new experimental pilot-scale equipment. We
anticipate that operation will become smoother and more routine, which will lead to more

reliable data. With further acclimization of the microorganisms, increased degradation of

VOCs may be achieved.

9. FUTURE ACTIVITIES

The treatment of seep water was discontinued on September 1, 1992, and the
bioreactor system was placed in total liquid recycle. No additions to the waste tanker were
allowed after the contents were sampled on August 26 for comparison to the CNF waste

acceptance criteria. Effluent generated from August 26 through September 1 was contained
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in the 1500-gal polyethylene tank and then transferred to the waste tanker after it was
emptied. In FY 1993, the system will be operated in the steam stripper pretreatment mode.

Further data analysis will be conducted to characterize the system performance for
purposes of process evaluation and scaleup. The performance will be assessed in the context
of comparison with earlier bench-scale development® and conventional tools for reactor

analysis.
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APPENDIX A

This appendix is a printout from the Lotus spreadsheet containing all the operating data

and notes through September 1, 1992.
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COMET. DEMO. SPREADSHEET FLOW CONDITIONS

DATE PRINTED

09/04/92 Seep Recycle Col A  Col.B  Recyde ColA
Flow Liquid Gas Gas Liquid Liquid
Rate Flow Flow Flow Temp. Feed

DATE Comments Limin.  L/min. L/min.  L/min. C pH

09/20/91 INNOCULATED BIOREACTORS 15:00 2 0.54 0.53 6.9

09/2191 PH HIGH(PROCESS H20) 15:00 ADJ. TO 7 2 0.54 0.53 79

09/22/91 PH HIGH 11:30 ADJ. TO 7— RISING OVER TIME 2 05 0.52 8.1

09/23/51 LOW ON METHANE~FEED COL A ONLY 2 0.5 7.1

0972501 NEW METHANE 10:00~FEED BOTH COLUMNS 2 0.5 0.5 6.9

09/26/91 PH UP—-ADJ.TO 7- ADD CULTURE+ 10L NUTRIENTS 2 05 0.5 74

09/27/91 GOT WASTE GEN. OK~STEAM STRP VAP. 17 MIN. ~1 2 0s 0S5 7.1

10/02/91 METHANE OUT(LESS THAN 1/2 DAY) 2 0.5 0.5 19.8 71

10/1791 TEMP. LOW!!—~ ADIJ.PH TO 7 2 0.5 0.5 11.0 73

10/2981 STEAM STRIP 53 MIN. 2 2 0.5 0.5 6.5

10/2991 STEAM STRIP 38 MIN. 2 0.5 0.5

10/29/91 STEAM STRIP 34 MIN. 2 0.5 0.5

11/07/91 0.5 Qs 26.4 7.0

11/08/91 0.5 0.5 271 6.8

11/11/91 BEFORE S8S 9:45

11/1191 AFTER 88

11/12/1 226 6.9

11/1301 26.2 6.9

11/14/91 26.8 69

12/03/91 SHUT DOWN-~ OUT OF FUNDS

03/05/91 REINOCULATE 29.0 6.8

04/23/92 1.28 05 0.5 15.0

04/28/92 0.5 0.5 15.0 6.8

05/04/92 1.28 242 6.9

05/21/92 1.57 0.50 0.50 259 70

05/22/92 128 0.50 0.50 255 7.0

o521z 1.28 221 6.9

05/28/92 BEFORE NUTRIENTS 9:35 ADD AT 10:00 1.30 0.50 0.50 19.8 6.9

05/28/92 AFTER ADDING NUTRIENTS 11.20

05/28/2 ONE HOUR AFTER ADDING SEEP 5 MIN. AT 12:00

05/28/92 TIME (15:30)

05/29/92 TIME (9:00)

05/29/92' AFTER ADDING 10L SEEP AT 10:50~12:30SAMPLE 1.00 1.00 226 6.8

06/01/92 1.02 0.50 0.50 259 6.8

06/02/92 1.00 0.50 0.50 240 7.0

06/11/92 034 0.66 0.50 0.50 263 69

06/12/92 BEFORE SEEP 0.50 0.50

06/12/92 ~2HR AFTER ADDING SEEP ONCE THROUGH 0.50 0.50

06/15/92 P1 DOWN(FEED)~ ~RESTARTED

06/16/92 P1 DOWN AGAIN- —~RESTART 0.34 034 258 6.4

06/17/92 P1 DOWN AGAIN-—-~RESTART

06/18/%2 P1 DOWN-—REPLACED

06/19/92 PH CONTROL NOT WORKING 10:00 6.0

06/19/92 AFTER FIXING PH CONTROL 13:30 0.50 0.50 0.50 0.50 6.4

06/22/92 APPROX FLOW RATES-P1 DOWN-FIXED 0.50 0.50 0.50 0.20 300 6.6
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COMET. DEMO. SPREADSHEET FLOW CONDITIONS
DATE PRINTED
09/04/92 Seep Recyde CollA ColB  Recyde Col A
Flow Liquid Gas Gas Liquid Liquid
Rate Flow Flow Flow Temp. Feed
DATE Comments L/min.  L/min. L/min.  L/min. C pH
06/23/92 APPROX FLOW RATES 0.50 0.50 0.50 0.50
06/24/92 P1 LEAKING~REPLACED WITH OLD P1L 0.58 0.42 313 6.9
06/25/92 PUMP DOWN—-SYSTEM NOT OPERATING
06/26/92 WET TEST FOR GAS FLOWS 0.60 0.57 0.50 032 26.6 69
06/29/92 0.26 0.80 0.50 0.45 26.0 7.1
07/01/92 NEW GEAR PUMP FOR P1 0.34 0.60 0.50 0.45 271 6.8
07/08/92 *WASTE FULL-RECYCLE ONLY 27.5 7.1
07/13/92 0.52
07/21/92 1.02 0.50 0.48 30.1 7.0
07/22/92 *~ 6 HR AFTER ADDING TCE&TCA STEP 0.50 0.50 0.48
07/24/92 *STEP STOPPED 0.47 0.48 298 7.0
07/29/92 *RESTART STEP LOWER RATE 1.00 0.48 7.2
07/30/92 *
07/31/92 *TANKER EMPTIED-AIR OX. DOWN 0.48 28.4 7.2
08/03/92 STOP STEP-AIR OX. FIXED—START SEEP** 0.50 0.25 0.32 1.00 30.4 6.8
08/04/92 10:00 am TCE & TCA LEFT FROM SPIKE?** 0.51 0.26 0.46 0.70 240
08/04/92 PM** 0.51 0.26 0.42 0.61 322 6.9
08/05/92
08/06/92 AM. 0.51 0.26 0.82 0.45 235 6.6
08/06/92 P.M.** 0.51 0.26 0.61 0.82 248 6.7
08/07/92 PH CONTROL NOT WORKING RIGHT** 0.55 0.30 0.30 0.83 274 6.6
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM
08/12/92 AM.NOPH CONTROL 0.51 0.23 0.66 0.17 25.1 6.5
08/12/92 P.M. NOPH CONTROL** 0.51 0.23 033 0.44 295 6.5
08/13/92 P.M. NO PH CONTROL** 0.56 0.29 0.49 0.59 278 6.5
08/14/92 AM.NO PH CONTROL--** 0.34 0.30 0.51 224 6.7
08/20/92 A.M.1&C PID PH CONTROLLER INSTALLED 0.64 0.21 0.17 0.06 222 6.8
08/20/92 P.M.PH CONTROL WORKS GOOD 0.51 0.26 132 0.08 29.5 6.8
08/21/92 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** 0.55 0.30 0.07 091 29.0 6.8
08/24/92 AM.LEAK FIXED 0.51 0.23 0.51 0.06 25.0 6.7
08/24/92 PM. 0.53 0.19 0.44 0.05 28.4 6.7
08/25/92 . 0.62 0.23 0.77 0.29 28.4 6.7
08/26/92 AM. 0.45 0.36 0.44 0.15 26.8 6.7
08/26/92 P.M. 043 0.34 0.40 0.48 308 7.0
08/27/92 0.47 0.34 037 0.48 26.0 70
08/28/92 AM. 0.49 0.34 023 0.48 248 6.8
08/31/92 0.51 0.40 033 0.45 222 68
09/01/92 0.43 0.43 1.00 0.48 242 7.1
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COMET. DEMO. SPREADSHEET

METHANE CONCENTRATIONS

DATE PRINTED
09/04/92 Inlet Col. A Col. A Col.B Col.B
Effluent Percent Effluent Percent
G1 G2 Used G3 Used
DATE Comments %% % % % %
1107 295 1.06 64.18 1.16 60.56
110891 2.90 1.39 52.17 1.54 46 83
11/11/51 BEFORE SS 9:45 2.85 0.86 69.91 0.98 65.48
1171191 AFTER SS 3.02 o 2.45 18.89 2.40 20.48
11/12/91 3.08 222 28.11 3.08 0.00
11/13/91 2.88 1.96 31.83 2.10 27.00
11/14/91 2.61 1.70 34.92 1.58 39.56
12/03/91 SHUT DOWN- OUT OF FUNDS
03/05/91 REINOCULATE
04/23/92 2.79 243 12.68 1.36 5124
04/28/92 258 2.09 29.93 2.65 11.36
05/04/92 312 0.83 73.52 135 56.82
05/21/92 2.79 0.15 94.76 042 - 85.11
05/22/92 3.15 0.44 86.07 111 64.77
052792 293 225 23.20 2.55 1293
05/28/92 BEFORE NUTRIENTS 9:35 ADD AT 10:00 3.07 177 42.34 220 2844
05/28/2 AFTER ADDING NUTRIENTS 11,20 3.07 152 50.54 2.10 3173
05/28/92 ONE HOUR AFTER ADDING SEEP 5 MIN. AT 12:00 3.07 1.49 5164 191 3791
05/28/92 TIME (15:30) 3.07 130 57.57 1.81 41.10
05/29/92: TIME (9:00) 298 0.71 76.19 099 66.80
05/29/92 AFTER ADDING 10L SEEP AT 10:50~ 12:30SAMPLE 298 0.69 76.93 0.89 70.15
06/01/92 2.98 1.27 57.45 1.56 47.52
06/02/92 2.86 1.42 50.24 1.34 53.11
06/11/92 3.00 0.41 86.30 0.44 85.50
06/12/92 BEFORE SEEP 2.85 1.39 51.16 0.57 79.87
06/12/92 ~2HR AFTER ADDING SEEP ONCE THROUGH 285 1.50 4727 0.18 93.72
06/15/92 P1 DOWN(FEED)- -RESTARTEDS 2.79 2.22 20.55 0.42 85.11
06/16/92 P1 DOWN AGAIN-~RESTART 3.00 2.49 16.98 0.36 88.17
06/17/92 P1 DOWN AGAIN~-RESTART 3.13 2.59 17.09 047 85.06
06/18/2 P1 DOWN-~ ~REPLACED 3.05 111 63.56 0.70 77.10
06/19/92 PH CONTROL NOT WORKING 10:00 3.05 1.53 49.87 191 37.48
06/19/92 AFTER FIXING PH CONTROL. 13:30 3.05 0.25 91.77 1.86 39.16
06/22/92 APPROX FLOW RATES-P1 DOWN-FIXED 272 0.56 7934 0.19 93.15
06/23/92 APPROX FLOW RATES 3.00 0.08 97.20 0.18 94.17
06/24/92 P1 LEAKING—~REPLACED WITH OLD P1 ERR ERR
06/25/92 PUMP DOWN~SYSTEM NOT OPERATING 3.18 0.11 96.54 0.10 96.92
06/26/92 WET TEST FOR GAS FLOWS 3.16 0.18 94.21 0.16 95.09
06/29/92 3.00 0.15 95.07 232 22.77
07/01/92 NEW GEAR PUMP FOR P1 2.76 0.10 96.27 0.20 92.61
07/08/92 *WASTE FULL-RECYCLE ONLY 275 0.31 88.89 0.29 8933
0711352 282 0.08 97.20 0.18 93.72
072192 2.96 0.16 94.63 0.19 93.65
07/22/92 *~ 6 HR AFTER ADDING TCE&TCA STEP ERR ERR
0724/92 *STEP STOPPED 3.00 0.25 91.60 0.42 86.17
07/29/92 *RESTART STEP LOWER RATE 5.17 0.12 97.75 0.27 94.79
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COMET. DEMO. SPREADSHEET

METHANE CONCENTRATIONS

DATE PRINTED
09/04/92 Inlet Col. A Col. A Col. B Col. B
Effluent Percent Effluent Percent
Gl G2 Used G3 Used
DATE Comments %o % Y % %o
07/30/92 * 517 0.12 97.70 0.26 94.97
07/31/92 *TANKER EMPTIED - AIR OX. DOWN 3.00 0.10 96.57 0.15 95.00
08/03/92 STOP STEP~ AIR OX. FIXED~START SEEP** 336 0.99 70.46 0.30 91.16
08/04/92 10:00 am TCE & TCA LEFT FROM SPIKE?** 3.00 1.40 53.30 0.21 92.97
08/04/92 PM** ERR ERR
08/05/92 3.03 1.35 55.61 031 89.83
08/06/92 AM.** 3.28 0.34 89.63 011 96.65
08/06/92 P.M.** ERR ERR
08/07/92 PH CONTROL NOT WORKING RIGHT** ERR ERR
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM ERR ERR
08/12/92 AM.NO PH CONTROL 3.1 022 93.09 0.06 97.97
08/12/92 P.M. NO PH CONTROL** ERR ERR
08/13/92 P.M. NO PH CONTROL** ERR ERR
08/14/92 A M.NO PH CONTROL-** 226 0.08 96.63 0.06 97.56
08/20/92 AM.1&C PID PH CONTROLLER INSTALLED 3.00 0.24 92.13 0.03 98.93
08/20/92 P.M.PH CONTROL WORKS GOOD 3.00 0.46 84.67 0.01 99.73
08/21/92 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** 3.00 0.17 94.25 0.10 96.79
08/24/92 AM. LEAK FIXED 3.00 0.19 93.80 0.01 99.67
08/24/92 PM. 3.00 0.18 94.17 0.05 98.37
08/25/92 .- 3.00 0.17 94.23 0.01 99.67
08/26/92 AM. 3.00 0.14 95.33 0.01 99.83
08/26/92 P.M. 3.00 0.15 95.08 0.12 95.91
08/27/92 3.00 0.08 97.27 0.10 96.67
08/28/92 AM. 3.00 0.08 97.35 0.16 94.67
08/31/92 3.00 0.03 99.13 0.02 99.27
09/01/92 3.00 0.06 98.00 0.04 98.60
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COMET. DEMO. SPREADSHEET TCE CONCENTRATIONS
DATE PRINTED
09/04/92 Col,A ColB ColA Col.B ColA ColB

Inlet  Effluent Effluent Off-Gas Off—Gas Percent Percent Ovwerall

L1 13 14 G2 G2 Deg. Deg.  Degraded

DATE Comments ug/l ug/L ug/l pg/L /L %o % %
06/19/92 AFTER FIXING PH CONTROL 13:30 189.22  102.69 20.63 ~86.97 79.91 76.88
06/22/92 APPROX FLOW RATES~P1 DOWN-FIXED 96.47 50.00 6.01 1.09 0.99 135 87.58 92.22
06/23/92 APPROX FLOW RATES ~ 91.65 44.61 3299 16.69 16.00 10.18 811 21.74
06/24/92 P1 LEAKING~REPLACED WITH OLD P1 87.60 3532 21.45
06/25/92 PUMP DOWN ~SYSTEM NOT OPERATING
06/26/92 WET TEST FOR GAS FLOWS '50.52 29.41 22.10 1.07 1.16 18.24 2378 53.16
06/29/92 76.30 1.60 1.00 0.32 0.15 91.03 3351 9755
07/01/92 NEW GEAR PUMP FOR P1 26.61 2.38 213 0.86 0.53 74.19 -0.12 84.63
07/08/92 *WASTE FULL~RECYCLE ONLY ’
07/13/92
07/21/92
07/22/92 *~6 HR AFTER ADDING TCE&TCA STEP 74987 46452 24779  264.83 12255 -381.80 3399 ERR
07/24/92 *STEP STOPPED
07/29/92 *RESTARTSTEP LOWER RATE
07/30/92 «
07/31092 *TANKER EMPTIED~AIR OX. DOWN
08/03/92 STOP STEP-AIR OX. FIXED~START SEEP**
08/04/92 10:00 am TCE & TCA LEFT FROM SPIKE?** 1256.66 152655 592.09 59798 -~21242 -64.61 ERR
08/04/92 PM*+ 47231 88781 59024 50598 21248 -126.61 1450 ~166.13
08/05/92 '
08/06/92 AM.** $3.64 10774 143.53 37.80 4794 ~76.19 5923 -359.75
08/06/92 P.M.** 47.78 8087 107.11 36.10 3585 ~6355 ~79.79 -340.08
08/07/92 PH CONTROL NOT WORKING RIGHT** 8329 107.10 11257 48.26 3026 -3258 —41.04 -138.17
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM| 7289 72.89 84.50 4329 18.74 ERR ERR
08/12/92 AM.NOPH CONTROL 67.07 60.65 65.29 18.61 1411 ~-1608 ~1289 ~40.06
08/12/92 P.M, NO PH CONTROL** 76.43 70.45 60.45 19.36 1201 ~1048 411 -8.72
08/13/92 P.M. NO PH CONTROL** 60.85 5711 56.01 18.71 1385 ~14.76 -1485 4296
08/14/92 A M.NO PH CONTRQL~** 55.28 37.82 43.77 1 5.69 ? ~27.83 530
08/20/92 AM.1&CPID PH CONTROLLER INSTALLED 54.00 38.97 61.09 9.72 8.52 26.59 —58.41 ~-19.54
08/20/92 P.M.PH CONTROL WORKS GOOD 53.62 28.30 3043 15.00 6.08 ~1799 -~982 -3086
08/21/92 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** 48.22 3720 34.85 21.60 727 1034 -1460 @ -2.98
08/24/92 AM. LEAK FIXED 46.54 2783 28.90 898 3.30 1701 -4.76 17.711
08/24/92 PM. 45.94 2496 24.39 18.26 3.60 10.07 122 1290
08/25/92 i 48.38 2540 25.85 14.36 1.26 898 -351 8.27
08/26/92 AM. 46.30 19.16 19.15 431 9.56 3702 -9.15 4257
08/26/92 PM. 42.27 15.00 22.26 15.86 7.33 3021 ~7933  -1714
08/27/92 ' 45.41 1041 10.38 .00 4.58 5719 ~26.13 5635
08/28/92 AM. 5093 841 50.46 4.18 2.71 81.16 —518.94 ~820
08/31/92 4291 4.37 1.28 2n 2.54 78.08 42.37 87.66
09/01/92 . 39.33 399 5.04 2.26 2.03 70.03 ~5535 67.78
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COMET. DEMO. SPREADSHEET

1,1 DCA CONCENTRATIONS

DATE PRINTED
09/04/92 ColA ColB ColA ColB ColA ColB

Inlet  Effluent Effluent Off~Gas Off—Gas Percent Percent Overall

11 13 L4 G2 G3 Deg Deg. Deg.
DATE Comments ug/L ng/L ug/L ug/l ug/L % % %

06/19/92 AFTER FIXING PH CONTROL 13:30 99497 61653  523.54 18.80 15.08 47.38
06/22/92 APPROX FLOW RATES-P1 DOWN-FIXED 1081.13  636.11  570.66 71.15 69.19 18.67 8.07 38.02
06/23/92 APPROX FLOW RATES 1097.22 83690  740.48 94.00 68.65 3.80 742 17.69
06/24/92 P1 LEAKING-REPLACED WITH OLD P1 1060.80  786.85  664.94 100.00 ERR
06/25/92 PUMP DOWN-SYSTEM NOT OPERATING ERR ERR
06/26/92 WET TEST FOR GAS FLOWS 901.84 73691 677.62 54.51 68.07 3.90 5.50 15.56
06/29/92 110547  200.00  200.00 2.84 100.00 5230 -21.03 65.90
0700192 NEW GEAR PUMP FOR P1 736.40 38439 37381 23.83 38.34 2137 —1.98 37.65
07/08/92 *WASTE FULL-RECYCLE ONLY
07/13/92
0772192
07/22/92 *~6 HR AFTER ADDING TCE&TCA STEP ERR ERR ERR
07/24/92 *STEP STOPPED
07/29/92 *RESTART STEP LOWER RATE
07/30/92 ¢
07/31/92 *TANKER EMPTIED~AIR OX. DOWN
08/03/92 STOP STEP—AIR OX. FIXED~START SEEP**
08/04/92 10:00am TCE & TCA LEFT FROM SPIKE?** 356.55 40290 63121 142.04 10298 -856 -79.84 ERR
08/04/92 PM** 703.59 53728 20000 12795 10000 -—13.63 47.98 39.72
08/05/92
08/06/92 AM.** 75787 75889 73774 138.47 12525 2067 ~-6.86 —41.30
08/06/92 P.M.** 71375  373.63 28824 13927 107.14 15.04 ~7.76 12.01
08/07/92 PH CONTROL NOT WORKING RIGHT** 41063 642.19 263.03 15752 109.04 -~94.62 4240 -—25.20
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM| 921.15  921.15 39996 22247 14434 ERR ERR ERR
08/12/92 AM.NOPH CONTROL 899.74 48470 81945  187.67  149.29 2549 -7599 -23.4
08/12/92 P.M. NO PH CONTROL** 1012.14  869.18 33394 168.16 12346 -17.68 53.17 4594
08/13/92 P.M. NO PH CONTROL** 912.00 84956 75924 19209 15692 ~11.73 -215 -—19.82
08/14/92 AM.NO PH CONTROL—-** 50990 35780 32748 ? 136.24 ? -2217 —454
08/20/92 AM.1&C PID PH CONTROLLER INSTALLED 601.11 1359.00 89994 18124 19238 -106.70 3271 -61.02
08/20/92 P.M.PH CONTROL WORKS GOOD 601.11 37899 831.04 22484 15243 -~13.07 -123.57 -13897
08/21/92 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** | 102640 890.15 889.90 249.82  242.01 6.87 -~29.05 -—2881
08/24/92 AM. LEAK FIXED 61249 39505 379.52 181.06 142.88 3.59 1.20 5.74
08/24/92 P.M. 57257 81388 32346 23036 14457 -88.59 58.97 7.40
08/25/92 e 992.29 468.87 32591 22362 100.00 17.04 23.11 34.23
08/26/92 AM. 91401  230.24 42599 10000  100.00 59.05 --93.02 38.94
08/26/92 P.M. 563.87 20000 200.00 181.34 125.01 26.69 --39.59 8.99
08/27/92 1001.66 20000 20000 13239 95.12 60.85 -28.54 59.84
08/28/92 AM. 87766 20000 200.00 11167 100.00 6152 -29.23 59.98
08/31/92 964.19  200.00  200.00 85.10 88.60 63.17 -21.61 65.51
09/01/92 943.00 200.00 200.00 85.10 88.60 4749 ~25.25 46.85
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COMET. DEMO. SPREADSHEET 1,L1TCA
DATE PRINTED
09/04/92 CollA ColB ColA ColB ColA ColB

Inlet  Effluent Effiuent Off-Gas Off—Gas Percent Percent Ovwerall

L1 13 14 G2 G3 Deg, Deg. Deg.
DATE Comments pg/L pg/l ug/l pg/l ug/l % % %

06/19/92 AFTER FIXING PH CONTROL 13:30 1912.83  593.09 397.44 48.66 3299 7822
06/22/92 APPROX FLOW RATES~P1 DOWN-FIXED 202027 62230 43833 359.75 30023 34.75 19.70 5442
06/23/92 APPROX FLOW RATES 192024 95238 72682 55541 39556 7.06 292 12.63
06/24/92 P1 LEAKING—-REPLACED WITH OLD P1 1921.81 87765 57849 ' 100.00 ERR
06/25/92 PUMP DOWN-SYSTEM NOT OPERATING ERR ERR
06/26/92 WET TEST FOR GAS FLOWS 1208.09 794.05 63792 36525 33143 -2.46 8.16 6.83
06/29/92 1748.34 14843 47.55 53.36 0.75 62.64 67.76 9134
07/01/92 NEW GEAR PUMP FOR P1 78318 31311 23845 20731 97.86 2.78 9.02 14.24
07/08/92 *WASTE FULL~RECYCLE ONLY
07/13/92
072102
07/22/92 *~6 HR AFTER ADDING TCE&TCA STEP 30737  169.68 80.02 90.89 10.77 ~-43771 49.80 ERR

07224/92 *STEP STOPPED

07/2982 *RESTARTSTEP LOWER RATE

07/30/92 *

0713192 *TANKER EMPTIED~AIR OX. DOWN
08/03/92 STOP STEP~—AIR OX. FIXED~-START SEEP**

08/04/92 10:00 am TCE & TCA LEFT FROM SPIKE?** 155091 1494.62 130289 39841 36492 -18.09 -9.30 ERR
08/04/92 PM** 131886 93778 35215 35798 8538 -13.93 5521 43.44
08/05/92

08/06/92 AM.** 1671.86 152503 126836 409.70 35519 -—27.72 322 -3401
08/06/92 P.M.*« 138849 117572 103579 41811 33091 ~1880 —18.14 ~49.15
08/07/92 PH CONTROL NOT WORKING RIGHT** 1816.90 138044 112698 41423 25528 297 024 4.26
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM| 1695.62 115037 118045 59698 36234 ERR ERR ERR
08/1242 AM.NOPH CONTROL 172292 1179.72  991.09 541.81 34793 ~11.15 936  ~-4.75
08/12/92 . P.M. NO PH CONTROL** 1969.31 130533 95740 55571 29993 6.37 13.05 2032
08/13/92 P.M. NO PH CONTROL** 1610.15 111309 88574 53772 30791 ~4.50 1.29 ~4.43
08/14/92 AM.NO PH CONTROL~** 1560.90 84686 61230 198.90 ? 8.80 41.55
082092 AM.I&C PID PH CONTROLLER INSTALLED 183800 129700 154115 141.16 11160  24.88 -19.48 13.48
08/20/92 P.M.PH CONTROL WORKS GOOD 1838.00 89573 899.00 185.89 98.89 2026 -1.54 24.09
08/21/2 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** | 1747.80 1202.77 102862 35153 242.01 1753 ~7.04 15.67
08/24/92 AM. LEAK FIXED 1716.98 963.17 81589 29225 21803 18.76 1358 33.96
08/24/92 PM. 166824 79931 69997 34316 179.19 28.45 10.81 39.79
08/25/92 e 176594 87622 71370  132.00 0.19 32.57 1854 5025
08/26/92 AM. 1782.08 524.17 42599 14269 15.64 48.78 18.04 67.82
08/26/92 PM. 1685.07 43694 377.74 26.79 11.98 50.15 11.81 7528
082712 185458 42541 28457 81.86 54.00 61.25 2549 78.18
08/28/92 AM. 172261 41861 277.14  173.80 27.70 58.71 29.93 77.61
08/31/92 175199 38375  261.06 98.16 6.87 61.65 31.10 81.13

09/01/92 1678.94 90.81 64.31 1.11 0.79 89.43 28.69 95.96
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COMET. DEMO. SPREADSHEET 1,1,2,2 PCE
DATE PRINTED
09/04/92 CollA ColB ColA ColB ColA ColB

Inlet  Effluent Effluent Off--Gas Off—-Gas Percent Percent Overall

L1 L3 L4 G2 G3 Deg. Deg. Deg.
DATE Comments ug/L pg/L ug/L ug/l ng/L % Yo %

06/19/92 AFTER FIXING PH CONTROL 13:30 32.08 8.75 5.76 53.75 34.20 82.05
06/22/92 APPROX FLOW RATES-P1 DOWN-FIXED 34.51 12.06 7.30 291 2.27 35.36 35.62 67.74
06/23/92 APPROX FLOW RATES 21.05 212 1.49 7.14 4.80 4952 ~83.68 36.20
06/24/92 P1 LEAKING—REPLACED WITH OLD P1 28.59 8.90 593 100.00 ERR
06/25/92 PUMP DOWN-SYSTEM NOT OPERATING ERR ERR
06/26/92 WET TEST FOR GAS FLOWS 630 4.05 3.14 1.07 0.55 497 18.72 31.04
06/29/92 16.97 1.77 0.95 1.05 0.48 53.51 35.21 77.67
07/01/92 NEW GEAR PUMP FOR P1 585 2.11 1.65 1.71 0.80 4.72 3.84 10.90
07/08/92 *WASTE FULL-RECYCLE ONLY
07/13/92
07/21/92
07/22/92 *~ 6 HR AFTER ADDING TCE&TCA STEP ERR ERR ERR

07/24/92 *STEP STOPPED

07/29/92 *RESTART STEP LOWER RATE

07/30/92 ©

07/31/92 *TANKER EMPTIED-AIR OX. DOWN
08/03/92 STOP STEP—AIR OX. FIXED—-START SEEP**

08/04/92 10:00 am TCE & TCA LEFT FROM SPIKE?** 14.66 9.83 6.68 7.62 395 -~20.29 —4.29 ERR
08/04/92 PM** 11.65 7.64 3.14 8.74 1.88 ~40.71 39.30 -741
08/05/92

08/06/92 AM.** 21.44 17.44 10.42 8.55 748 ~—49.85 1522 -4351
08/06/92 PM.* 18.39 12.03 9.77 9.04 6.07 -~-24.13 -3512 6536
08/07/92 PH CONTROL NOT WORKING RIGHT** 22.03 12.62 10.19 10.89 6.72 780 ~3301 -19.44
08/11/92 PH UP TO 7.9 YESTERDAY CONTROLLER PROBLEM| 2088 11.00 10.14 11.77 5.65 ERR ERR ERR
08/12/92 AM.NOPH CONTROL 21.08 11.70 9.19 8.97 508 -1325 11.69 ~6.44
08/12/92 P.M. NO PH CONTROL** 24.49 12.24 8.98 888 4.38 17.95 543 24.85
08/13/92 P.M. NO PH CONTROL** 20.05 11.65 8.74 9.26 518 -511 -569 ~11.29
08/14/92 A.M.NO PH CONTROL-** 11.96 591 4.72 5.73 ? ~-5786 ~11.74
08/2092 A.M.1&C PID PH CONTROLLER INSTALLED 17.28 459 7.49 3.85 1.05 63.88 —64.82 50.11
08/20/92 P.M.PH CONTROL WORKS GOOD 17.29 2.05 111 8.26 141 —36.92 3849 3125
08/21/92 SAND FILTER LEAK(POSSIBLE LOST GAS COL.A)** 15.46 485 197 13.09 034 44.48 51.89 72.70
08/24/92 AM.LEAK FIXED 15.64 1.80 1.44 1.17 0.66 76.67 1738 82.83
08/24/92 PM. 15.18 0.40 035 8.55 0.65 49.75 1.23 50.20
08/25/92 b 1636 0.63 0.10 7.86 1.01 3493 28.12 36.49
08/26/92 AM. 15.94 0.09 0.07 718 2.55 5469 -—536.12 49.71
08/26/92 PM. 14.29 0.08 0.07 6.38 591 5713 —4664 1033
08/27/92 16.88 0.07 0.05 1.23 0.23 9363 —180.28 92.59
08/28/92 AM. 15.46 0.06 0.04 0.20 0.10 9871 ~-60.78 98.49
08/31/92 15.24 1.00 0.72 228 3.59 7934 -146.75 65.02
09/01/92 14.03 171 1.52 2.61 1.99 3859 5530 29.31

* System operated in total recycle with no seep water feed while awaiting effluent dispc

*% Off-gas flow rate from Column B may be too high due to problems with the flow
measurement procedures.
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