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SECTION 1 
INTRODUCTION 

Solid Waste Management Unit (SWMU) B-3 is designated by Camp Stanley Storage 
Activity (CSSA) as a high priority site identified for interim remediation activities.  The 
goal of this Pilot Study is to clean up a potential continuing source of contamination 
encountered in the underlying aquifer.  SWMU B-3 consists of six former disposal 
trenches located south of Tenberg Drive and east of Salado Creek in the central portion of 
CSSA as shown in Figure 1.1 (Pilot Study Location Map). 

1.1 Background 
CSSA is located in northwestern Bexar County about 19 miles northwest of San 

Antonio, Texas.  The installation consists of 4,004 acres immediately east of State 
Highway 3351 and approximately one-half mile from Interstate Highway 10.  Additional 
background information regarding CSSA is located in CSSA’s Environmental 
Encyclopedia (Volume 1-1, Background Information Report).   

Routine water well testing by the Texas State Department of Health detected the 
presence of dissolved tetrachloroethene (PCE), trichloroethene (TCE) and cis-1,2-
dichloroethene (cis-DCE) in groundwater samples from nearby water wells CS-16 and 
CS-D (located approximately 400 feet and 600 feet, respectively, northwest of SWMU 
B-3).  The detected concentrations exceeded drinking water standards, and well CS-16 
was taken off-line as a post supply well.  Well CS-D, which had been used as an 
agricultural well, was maintained as a monitoring well.  Based on the proximity of the 
site to CS-16 and CS-D, SWMU B-3 became the focus of the volatile organic compound 
(VOC) plume investigation.  Background information regarding the location, size, and 
known historical use of the site is included in the CSSA Environmental Encyclopedia 
(Volume 1-2, SWMU B-3).  This volume includes a Chronology of Actions and a Site-
Specific Work Plan for SWMU B-3.  Results of a geophysical survey, soil gas survey, 
soil boring investigation, groundwater sampling, interim removal action, and other 
treatability studies are also included as part of the CSSA Environmental Encyclopedia 
(Volume-3-1, SWMU B-3).  

On May 5, 1999 an Administrative Consent Order was issued to CSSA pursuant to 
§3008(h) of the Solid Waste Disposal Act, as amended by the Resource Conservation and 
Recovery Act (RCRA), and further amended by the Hazardous and Solid Waste 
Amendments of 1984.  In accordance with the Consent Order, a groundwater 
investigation and corrective measures for impacted groundwater is required.  As part of a 
corrective measures study, the construction of a bioreactor was completed to address 
contamination released from SWMU B-3 to the underlying limestone and aquifer.  This 
report includes by reference the information presented in the CSSA’s Environmental 
Encyclopedia (Volume 3-7, Hydrogeologic Conceptual Site Model). 
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1.2 Pilot Study Objectives 
As part of the RCRA Administrative Consent Order, a pilot study using a bioreactor 

was conceptualized, designed, and constructed at SWMU B-3.  The bioreactor is 
designed to remediate the affected groundwater and unsaturated zone underlying 
SWMU B-3.  The design included excavation, removal, and offsite disposal of affected 
soil, debris, and waste contained within six trenches.  The waste is believed to be a likely 
source of contaminants impacting the underlying fractured limestone (bedrock) and 
groundwater.   

The objective and overall goal of this pilot study is two-fold:  

1. To create a bioreactor treatment cell within the excavated trenches for 
degrading VOCs in the affected groundwater recovered from wells 
CS-MW16-LGR and CS-MW16-CC; and  

2. To create a liquid organic food source that would gravity drain into the 
bedrock underlying SWMU B-3 to promote anaerobic degradation of VOC 
contaminants. 

This work was performed by Parsons under the U.S. Air Force Environmental 
Remediation and Construction Contract No. FA8903-04-D-8675, Task Order 0006.  
Based on the project statement of work, work plans were established to govern the 
fieldwork.  These include: 

• Work Plan Overview  (Volume 1-1, TO  0006 Addendum); 
• Site-Specific Work Plan(s) (Volume 1-2, SWMU B-3); 
• Field Sampling Plan  (Volume 1-4, TO 0006 Addendum); 
• Waste Management Plan (Volume 1-4, TO 0006 Addendum); and 
• Health and Safety Plan (Volume 1-5, TO 0006 Addendum). 

1.3 Report Objective 
The purpose of this report is to document the activities conducted during the 

construction of the bioreactor.  The construction of the bioreactor was accomplished in 
accordance with the design drawings and specifications for the project. 

The general design criteria included placement of a 1:1 mixture by volume of gravel 
to deciduous tree mulch into the six excavated trenches at SWMU B-3.  A water 
irrigation system was installed on top of the gravel/tree mulch in which water can be 
pumped from wells CS-MW16-LGR and CS-MW16-CC and delivered into each trench.  
The CS-MW16 wells will be used as the primary water source because of their proximity 
to the bioreactor.  Additional details on the design and construction of the pilot study 
bioreactor are included in this report.   

 1.4 Report Organization  
An Introduction, which includes project objectives, is presented in Section 1.  

Section 2 includes relevant information regarding the current conditions at SWMU B-3.  
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Section 3 includes construction details for the bioreactor at SWMU B-3.  Section 4 
includes references for this report.  Appendices for this report include: 

• Appendix A - Class V Aquifer Remediation Injection permit; 
• Appendix B - Daily Field Logs, status reports; and 
• Appendix C – Design Drawings of Bioreactor, including survey data. 
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SECTION 2 
SWMU B-3 BACKGROUND AND CURRENT CONDITIONS  

SWMU B-3 was a landfill area thought to have been used primarily for garbage 
disposal and trash burning from the 1950’s through the 1980s.  The trench areas were 
reportedly closed in 1990-1991.  In 1991, chlorinated hydrocarbons were detected in 
groundwater from Well CS-16, approximately 500 feet north-northwest of SWMU B-3.  
The VOC concentrations, which were above drinking water standards, prompted several 
investigations aimed at identifying possible source areas that could be contributing to the 
contamination.  SWMU B-3, along with nearby SWMU O-1 (oxidation pond), was 
identified as potential sources of groundwater contamination within the inner 
cantonment. 

2.1 Environmental setting 
CSSA is characterized by a rolling terrain of hills and valleys in which nearly flat-

lying limestone formations have been eroded and dissected by streams draining to the 
east and southeast.  The general morphology of this portion of Central Texas is caused by 
the Balcones Escarpment, which extends westward from San Antonio and northward 
toward Austin, Texas.  Soil cover is relatively thin, and bedrock is often exposed at 
surface and in creek beds.  The Cretaceous-age sediments of Central Texas were 
deposited as onlapping sequences on a submerged marine plain.  CSSA is sited over 
older-aged deposits of the Travis Peak and Glen Rose Formations of the Trinity Group. 

2.2 Hydrogeology 
The primary groundwater source at CSSA and surrounding areas is the Middle 

Trinity Aquifer, the most prolific producer with the best quality water of the three Trinity 
Aquifers.  The Middle Trinity Aquifer consists of the LGR Limestone, the Bexar Shale 
(as a facies of the Hensell Sand), and the Cow Creek (CC) Limestone.  The average 
combined thickness of the aquifer members is approximately 460 feet.  Most general 
purpose wells within this aquifer are completed as open holes without well screens to 
maximize groundwater withdrawal from the yielding portions of the aquifer.  For 
additional information on environmental studies and hydrogeology at CSSA, see CSSA’s 
Environmental Encyclopedia (Volume 3-7 - Hydrogeologic Conceptual Site Model). 

Based on measurements at observation wells, the regional groundwater flow is 
generally to the south-southeast.  The LGR typically has a southward gradient that 
deviates around mounding which occurs along intermittent Salado Creek near the central 
and northern portions of the facility (CS-MW4-LGR).  The Bexar Shale exhibits the 
potential for either northward or southward flow, depending on the season.  Likewise, the 
CC Limestone exhibits erratic flow paths, with seasonally radial flow from mounded 
areas, to a northwestward flow possibly related to off-post pumping along Ralph Fair 
Road. 
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Long-term monitoring shows that groundwater response to precipitation events can 
be swift and dramatic.  Depending on the severity of a precipitation event, the 
groundwater response will occur within several days, or even hours.  Average 
precipitation events do not evoke much response from shallower wells within the LGR, 
yet deeper wells will respond within days.  Such observations indicate that the 
preponderance of recharge occurs locally while CC recharge occurs elsewhere on the 
outcrop, and not necessarily within CSSA.   

The average precipitation at CSSA is typically above 32 inches per year.  The 
30-year record (1971-2000) shows a mean annual rainfall average of 37.36 inches in 
Boerne, Texas.  The CSSA weather station reported a 35.39 annual average between 
1999 and 2002.  Precipitation ranging from 17 inches to 52 inches has been reported 
within a single year.   

2.3 Contaminant Distribution 
Solvent contamination (PCE, TCE, and cis-DCE) was first detected in a water supply 

well at CSSA during routine monitoring by the Texas Department of Health in 1991.  
Contamination from past disposal activities resulted in two groundwater units, referred to 
as Plume 1 (B-3 and O-1) and Plume 2 (AOC-65).  The release of solvents to the 
environment resulted in contamination of the Middle Trinity Aquifer, which is the 
primary drinking water source for the area.  Contamination is most widespread within the 
LGR water-bearing unit.  Locally, the Bexar Shale serves as a confining unit between the 
water-bearing LGR and CC Limestone.  Between 1992 and 1999, CSSA undertook a 
series of investigations to identify potential source areas for the groundwater 
contamination, which identified SWMU B-3 and O-1 as likely candidates contributing to 
groundwater contamination within Plume 1.  SWMU B-3 was a landfill where solvents 
were utilized as an accelerant for burning refuse, and nearby SWMU O-1 was a lined 
oxidation pond.   

Originating from SWMUs B-3 and O-1, Plume 1 has advectively migrated 
southward to CS-1 at Camp Bullis, and west-southwest toward CSSA well fields (CS-9, 
CS-10, and CS-11) and several off-post public and private wells.  VOC concentrations 
over maximum contaminant levels (MCLs) are present in Middle Trinity Aquifer wells 
near the source area.  Within SWMU B-3 trenches, concentrations of cis-DCE in excess 
of 24,000 µg/L have been reported in near-surface perched wells.  However, contaminant 
concentrations are below 1 µg/L over most of the Plume 1 area.  Trace concentrations 
associated with Plume 1 have been detected at off-post locations.  PCE concentration 
plumes from monitoring efforts are shown in Figure 2.1, including Plume 1 near 
SWMU B-3. 
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SECTION 3 
CONSTRUCTION OF THE BIOREACTOR 

Bioreactor construction began after all waste (affected soil and debris) was removed 
from the six trenches.  Backfilling of the trenches with mulch mixture and installing 
underground piping was initiated in July 2006 and completed in November 2006.  

Permitting and regulatory authorization was necessary to for treating recovered 
contaminated groundwater within the bioreactor treatment cell.  Therefore, based on the 
general design of the bioreactor, a request for a Class V Aquifer Remediation Injection 
Well was submitted to the Industrial and Hazardous Waste Permits Section of the Waste 
Permits Division at the Texas Commission on Environmental Quality (TCEQ) in 
May 2006.  The permit application was approved July 20, 2006 and TCEQ Authorization 
Number 5X2600431; WWC 12002216; CN602728206/RN104431655 was assigned to 
the SWMU B-3 injection system.  An amendment to CSSA’s Class V Aquifer 
Remediation Injection permit was submitted November 26, 2006 to authorize the use of a 
sixth trench that was encountered during removal actions at SWMU B-3.  A copy of the 
Class V Aquifer Remediation Injection Well permit authorization letter and CSSA’s 
amendment request letter is presented in Appendix A. 

Construction of the bioreactor was conducted in the following series of steps: 

1. Construction of six trenches; 

2. Placement of an organic-rich substrate (soybean oil); 

3. Installation of twelve trench monitoring sumps and placement of gravel/tree 
mulch; 

4. Installation of subsurface irrigation system;  

5. Installation of geofabric;  

6. Installation of gravel as cover for the irrigation system; and 

7. Installation of water delivery pump and ancillary equipment. 

A detail description of each of the steps is summarized within Sections 3.1 – 3.7 of 
this report.  A conceptual diagram of the bioreactor along with the major components 
associated with the bioreactor is depicted in Figure 3.1.  During construction activities, 
bi-weekly status reports were prepared and submitted to EPA and TCEQ and are 
provided in Appendix B.  The bi-weekly reports present detail summaries of the work 
progress.  Additionally, daily construction notes are provided in Appendix B.  

The general concept is to pump water approximately 400 feet from delivery wells 
CS-MW16-LGR and CS-MW16-CC to a 5,000-gallon storage tank.  Level switches 
within the storage tank will be set to communicate directly with the two water delivery 
wells to maintain an available water supply in the water tank for the bioreactor.  A 
transfer pump is used to pump water from the storage tank to the network of pipes that 
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overlay the SWMU B-3 trenches.  Water from the storage tank will be sprayed into the 
gravel/tree mulch mixture in each trench through downward-pointing discharge nozzles 
located at 10-foot centers along 1.5-inch flexible high density polyethylene (HDPE) pipe.  
In order to prevent overfilling of the bioreactor, a level switch is included in monitoring 
sump 1-1 (Trench 1 - sump 1) to control the application of water from the transfer pump. 
This sump, 1-1 is located in the deepest portion of Trench 1, which is west and  
downslope of  all the other trenches. 

Water will be pumped into each trench to create saturated conditions within a portion 
of the gravel/tree mulch mixture.  The capability of the bioreactor to reduce the 
concentrations of contaminants associated with CS-MW16-LGR and CS-MW16-CC as 
well as in the subsurface will be accessed through periodic sampling of groundwater 
monitoring wells located around SWMU B-3.  To further enhance anaerobic degradation, 
possible future plans may call for amending the groundwater from the CS-16 wells with 
an organic substrate or microbes which could be added to the bioreactor via an eductor 
located between the transfer pump and the piping network over the trenches.   

 

Figure 3.1 General Components of the Bioreactor 
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3.1 Trench Construction 
Equipment and crews were mobilized on April 5, 2006 for excavating and removal 

of contaminated media and waste within SWMU B-3.  Removal actions were completed 
on July 24, 2006.  Removal action details are provided in a separate report (Parsons 
2007).  The capacity of each trench is based on surveys conducted by Baker Surveying, 
Inc. from Blanco, TX.  The surveyed volumes are listed in Table 3.1 along with 
maximum depth of the trench base.   

Table 3.1 Volumes and Depths of Trenches after  
Excavating Soils and Debris from B-3 Trenches  

Average Depth of Trench 
Base 

Trench 
Volume of Trench 

(CF) 
Depth below 

grade (Ft) 
Elevation 

above MSL 

1 73,600 12.5 1223 

2 56,700 8.5 1228.5 

3 30,100 7 1232.5 

4 21,200 6 1234 

5 32,800 7 1234.5 

6 38,300 9 1225 

Photos of the six trenches within SWMU B-3 are shown in Table 3.2. 

3.2 Initial Placement of Organic Carbon Substrate 
Augmenting the bioreactor with an organic-rich substrate was accomplished to 

accelerate creation of conditions within the bioreactor to enhance the anaerobic 
degradation process.  After the affected soil had been removed, the weathered limestone 
was exposed in the six trenches and 220 gallons of soybean oil per trench was sprayed 
over the northern mid-section of Trenches 1, 2, 3, and 6.  These four trenches were 
selected because Toxicity Characteristic Leaching Procedure (TCLP) sample results for 
soil samples collected from these four trenches contained elevated levels of specific 
VOCs above their associated limit as stated in 40 CFR 261.24 Toxicity Characteristic 
Table 1.  The oil was applied within the low points in each of the four trenches.  If CSSA 
requests the addition of soybean oil or similar substrate during the pilot study, the fluid 
can be added through an eductor that will be located between the transfer pump and the 
piping network or into direct locations via geoprobe or other injection method(s).  
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Table 3.2 Photos of trench construction at SWMU B-3 

Trenches 1- 4 looking north Trenches 1, 2 and 3 looking south 

 
Trench 2 strata Trench 3 and 4 looking south 

Trench 5 looking north 
 

Trench 6 looking south (veg-oil applied to bottom) 
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3.3 Installation of Trench Monitoring Sumps 
To monitor the water level and operating/performance conditions in each trench, a 

minimum of one bioreactor monitoring sump was installed in each of the six bioreactor 
trenches at SWMU B-3.  Figure 3.2 shows the locations of the sumps, which were located 
in the deepest points of each trench, and includes the orientations of three cross sections 
presented in Figure 3.3.  It should be noted that regulatory and performance monitoring 
of the bioreactor will be conducted by monitoring both the bioreactor trench sumps and 
also the surrounding multi-port monitoring wells.  The final site survey is shown in 
Figure 3.4 and includes the location of the surrounding multi-port monitoring wells.  The 
installation of the four wells is documented in Draft Well Installation Report for Wells 
CS-WB05 to CS-WB08 and CS-B3-MW01 (Parsons, June 2006).   

Prior to placement of the gravel/tree mulch mixture into a trench, the monitoring 
sumps were set in a vertical position within each trench.  The sump casing consists of 
6-inch diameter, 5-foot long Schedule 40 PVC well screen with 0.01-inch wide slots, a 6-
inch schedule 40 PVC riser with end caps.  The sump casing was set so there is 2 to 3 feet 
above the final site grade of each trench.  Final top of casing elevations for each 
monitoring sump is provided in the topographic survey located in Appendix C.   

The bioreactor cell will be automated with a high/low level switch in the deepest 
portion of the bioreactor which is Bioreactor Trench Sump (BTS) 1-1 located in the 
northern central portion of Trench 1.  The excavation of soil from Trenches 1 through 5 
revealed that the base of the bioreactor slopes downward from Trench 5 to Trench 1.  As 
shown in Figure 3.4, there are openings in the walls between Trenches 1 through 5 such 
that water discharged into Trench 5 will flow through the tree mulch/gravel mixture 
downgradient to Trench 1.  Note that Trench 6 is isolated from the other five trenches.  
However, it is possible that water levels between Trenches 1-5 and Trench 6 could 
equilibrate because of suspected bedding planes in the formation.  Monitoring of the 
sumps during operation of the bioreactor will indicate whether there is hydraulic 
communication between Trench 6 and Trenches 1 -5.   

Table 3.3 Estimated Water Volumes with a Minimum 1-Foot Saturated Layer 
across the Bioreactor Base 

Trenches Water Elevation 
(Ft MSL) 

Approximate Water 
Volume for a 

Gravel/Bark Mulch 
Porosity of 0.5 (Gal) 

Number of Times to 
Refill/Discharge 

Water from a 5000 
Gal Storage Tank 

Tr-1 through Tr-5 1234.5 425,000 85 
Tr-6 1243.5  118,000 24 
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Figure 3.3   Trench Cross-Sections
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 3.4 Placement of the Gravel/Tree Mulch Material 
The trenches were backfilled with a mixture of gravel and tree mulch at a ratio of 1:1 

by volume.  The materials were mixed at the surface and the mixture was placed into the 
trenches with special precaution being taken when placing the material around the 
bioreactor monitoring sumps.  The source of the tree mulch was single-ground deciduous 
tree mulch purchased from Gardenville located in San Antonio, Texas.  The 
predominantly quartz-based gravel ranged from 0.125 to 0.25 inches in diameter and was 
subangular to subrounded, and the tree mulch was approximately 2 inches in nominal 
size.  The gravel/tree mulch mixture was placed into the trenches to a height of 2 feet 
below the existing site grade.  A final site survey performed after completing the 
backfilling of the trenches with the gravel/tree mulch mixture is shown in Figure 3.4.  As 
water saturates the mulch, the water will become organic-rich and will thus provide an 
energy source to drive the geochemistry of saturation liquids to reducing conditions 
necessary for anaerobic dechlorination of chlorinated organic compounds.  

3.5 Installation of Subsurface Irrigation System 
The water distribution system, consisting of 1.5-inch flexible back HDPE pipe, was 

placed down the center and along the top of the gravel/tree mulch layer within each 
trench.  The HDPE pipe from each trench was connected to a 3-inch diameter polyvinyl 
chloride (PVC) header.  To monitor the flow into each trench, a flow meter (battery-
operated Model FT415) was installed on each HDPE line leading from the header to each 
trench.  A 1.7 (0.063-inch orifice) or a 2.5 (0.094-inch orifice) gpm spray nozzle 
(FullJet™ Type G) was installed every 10 feet along the HDPE pipe. Six 2.5 gpm nozzles 
were placed into the north end of Trench 6 because of the need to add additional water to 
improve the capability of creating saturated conditions.  The number of spray nozzles and 
rated flow rate are presented in Table 3.2.   

Table 3.4 Number of Spray Nozzles per Trench 

Trench 
Approximate 

Trench Length 
No. of Spray 

Nozzles 
Rated Flow 
Rate (GPM) 

1 360 ft. 34 1.7 

2 360 ft. 34 1.7 

3 340 ft. 32 1.7 

4 200 ft. 16 1.7 

5 260 ft. 24 1.7 

14 1.7 

6 200 ft. 6 2.5 
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3.6 Installation of Geofabric 
After the spray nozzles were tested the piping network was covered with a geofabric 

to maintain a separation between the bioreactor and fine particles that may be placed over 
the bioreactor.  The fabric was placed over the gravel/tree mulch mixture such that the 
fabric extended to the edge of the bioreactor along the exterior walls of Trenches 1 
through 5 and the exterior walls of Trench 6.  The edge of the fabric was kept loose along 
the sidewall to allow for some settlement of the gravel/tree mulch material and, therefore, 
was not anchored along the slope.  As the fabric was stretched across the trenches, the 
installers maintained a minimum 1-foot overlap between geofabric panels.  The geofabric 
was cut to allow for the monitoring sumps.   

An approximate 1-foot thick layer of the 0.125 to 0.25-inch gravel was placed over 
the geofabric.  To capture water in the bioreactor during rainfall events, the final 
elevation of the bioreactor was set to be at least 1 foot lower than the surrounding grade.  
In addition, berms along the western side of the bioreactor were constructed to retain 
water and minimize potential for any surface runoff from the trenches during rainfall 
events.  

3.7 Installation of Equipment to Operate the Bioreactor 
Once the bioreactor was installed, additional equipment was installed to control and 

maintain a flow of water from the two CS-16 wells.  The design drawings depicting the 
equipment and the controls regulating the flow of water through the system are provided 
in Appendix C.  The bioreactor pumping and control process diagram is provided in 
Figure 3.5.  

3.7.1 STORAGE TANK 
A 5,000-gallon former transport tanker was placed on the north side of the 

bioreactor, secured, and anchored.  The former transport tank serves as a temporary 
storage vessel for groundwater from the two CS-16 wells and is intended to supply water 
on demand to the bioreactor.  Note that monthly inspections will be conducted to monitor 
the possible collection of sediment in the storage tank since it is equipped with internal 
baffles. 

3.7.2 TRANSFER PUMP 

An end suction centrifugal pump was installed to pump water from the storage tank 
to the bioreactor based on the water level detected in the bioreactor.  The pump (MODEL 
XT150SF-5.625-21264-1000-36-3T6 manufactured by Price) is equipped with a Wash 
Down Duty 10 hp motor, which is characterized as being tropicalized and having a 
stainless steel shaft and epoxy paint.  The pump is bolted to a concrete pad connected to 
the storage tank with a 3-inch PVC line.  A 3-inch line installed from the pump to the bag 
filter and then from the bag filter to the 3-inch header connects the pump to the 
distribution system.  Since portions of the line between the storage tank and the 
distribution line are above ground, insulation will be placed around the line to prevent 
line damage under freezing weather conditions.   
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3.7.3 BAG FILTER 
The sprayer openings are small, a 0.063-inch orifice for the 1.7 gpm spray nozzle 

and a 0.094-inch orifice for the 2.5 gpm spray nozzle.  Therefore, it is necessary to 
remove possible sediment from the water to reduce the potential for clogging of the spray 
heads.  As shown in Figure 3.5, bag filter equipment was installed between the transfer 
pump and the distribution system.  The bag filter equipment, manufactured by Carbon 
Air, consists of a single chamber with a coarse mesh basket and a bag filter fitted inside 
the mesh basket.   

3.7.4 EDUCTOR FOR INCORPORATION OF ADDITIVE 
An eductor system located down stream of the bag filter equipment may be used in 

the future if it is necessary to pump additional additive into the bioreactor.  The container 
of oil or similar bacteria enhancement product can be placed near the eductor and an 
intake pipe will be placed in the container.  The additive will be drawn into the flow 
system via the eductor as water passes through the piping.  

3.7.5 CONTROLLERS 
Two sets of controllers were installed to monitor and control the conveyance of 

water from the two CS-16 wells to the bioreactor.  The first set of controllers maintains 
the flow of water between the storage tank and the two wells, CS-MW16-LGR and CS-
MW16-CC.  The storage tank is equipped with a high, medium, and low level switches 
set to communicate with each well, which is equipped with pressure transducers that are 
set to detect low water level (pump is turned off) and high water level (pump is restarted 
after well has recovered).  The control equipment for these two wells is located in the 
GAC building and Hand or Manual, Off and Automatic (HOA) switches for each pump 
are located at the well heads.  The second set of controllers maintains the flow of water 
between the storage tank and the bioreactor.  The high, medium, and low level switches 
in the storage tank are set to also communicate with the transfer pump based on the water 
level detected in sump 1-1.  The control equipment for the transfer pump includes an 
HOA switch located at the transfer pump.   

3.7.5.1 CONTROLLERS TO MAINTAIN PUMPING BETWEEN CS-16 
WELLS AND STORAGE TANK 

Submersible pumps in Wells CS-MW16-CC and CS-MW16-LGR pump water at a 
combined, sustainable flow rate of 30 gpm to a 5,000-gallon storage tank for a distance of 
approximately 400 feet through a buried 2-inch PVC line.  Note that the 30 gpm rate is an 
estimated average rate that may fluctuate depending on aquifer recharge resulting from 
rainfall events.  Each well is equipped with a pressure transducer that is set to signal 
deactivation of the pump if the water level gets too low during the drawdown phase and 
will also signal the pump when the water level is high enough for the pump to restart 
after the recovery phase of the well.  In addition to the controller associated with the 
water level transducer for each of the CS-16 wells, there is a second controller connected 
to level switches located in the 5,000-gallon storage tank.  The controllers for the well 
transducers are located within a building adjacent to the two wells.  There is an HOA 
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switch at each pump that should be kept in the automatic mode where both the well 
transducer and the storage tank level switches control the activation of the pump.  The 
different scenarios controlling the operation of the well pumps are identified in Table 3.3. 

Table 3.5 Scenarios Dictating Activation of the  
Submersible Pumps at CS-16 

Water Level in Well 
Water Level in 5000-
gallon Storage Tank 

Activation of Both or 
One CS-16 Well Based 

on Water Levels in 
Well and Storage Tank 

1. During drawdown phase and above 
the low level turn-off depth. 

Below the high level 
turn-off.  On 

2. During drawdown phase and above 
the low level turn-off depth. 

At the high level turn-
off. Off 

3. During recovery phase and above the 
low level turn-off depth, but also 
below the high level restart. 

Below the high level 
turn-off.  Off 

4. During recovery phase and above the 
low level turnoff depth. 

At the high level turn-
off. Off 

5. High level is attained (i.e., 
completion of recovery phase) 

Below the high level 
turn-off.  On 

6. High level is attained (i.e., 
completion of recovery phase) 

At the high level turn-
off. Off 

 

3.7.5.2 CONTROLLERS TO MAINTAIN PUMPING WATER FROM 
STORAGE TANK TO THE BIOREACTOR  

Water will enter the northern end of the tank and the stored water will be pumped 
from the tank with an end-suction centrifugal transfer pump located between the storage 
tank and the bioreactor.  The operation of the transfer pump will be controlled by the 
water level indicated by a level switch in BTS 1-1 in Trench 1.  This sump is located in 
the deepest portion of the bioreactor (Trenches 1 through 5) and should provide a 
representative water level elevation of the saturated conditions across the base of the 
bioreactor in Trenches 1 through 5.  There is an HOA switch at the transfer pump that 
should be kept in the automatic mode where both the sump water level switch and the 
storage tank level switches control the activation of the transfer pump.  The different 
scenarios controlling the operation of the transfer pump are identified in Table 3.4. 
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Table 3.6 Scenarios Dictating Activation/Deactivation  
of the Transfer Pump 

Water Level in Bioreactor 
Sump 

Water Level in 5000-
Gallon Storage Tank 

Response of Transfer Pump 
Based on Signal from a 
Sump or a Tank Level 

Switch 

1. Below the high level turn- 
off switch and water level 
rising in Trench 1 with 
transfer pump operating. 

Above the low level turn-
off.  Continues operating 

2. Below the high level turn-
off switch and water level 
rising in Trench 1 with 
transfer pump operating. 

Water level reaches the low 
level turn-off. Turns off 

3. Below the high level turn-
off switch and water level 
dropping in Trench 1 with 
transfer pump off.  

Water level rising in tank 
and reaches the medium-
level turn-on (switch set 
just below the high level 
switch). Turns on 

4. Pump has been off and 
water level recedes below 
the sump level switch. 

Water level at high-level 
switch. Turns on 

5. Pump has been on and 
water rises to the sump 
level switch. 

Water level above low-
level turn-off switch. Turns off 

 

3.7.6 PRESSURE GAUGES AND FLOW METERS  

To monitor line pressures, pressure gauges will be located at various locations 
between the storage tank and the main header as shown in the design drawings in 
Appendix C.  In addition, flow meters were installed to monitor the flows of water 
through the system.  The monitoring and reporting of flow volumes discharged into the 
subsurface is required by TCEQ (see requirement No. 4 in the TCEQ letter provided in 
Appendix A).  Photos of the bioreactor are provided in Table 3.7.  
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Table 3.7 Bioreactor Construction Photographs 

 
Mixed Bioreactor material Tree mulch and Gravel mixing 

 
Irrigation spray nozzle testing prior to being 

covered. 
SWMU B-3 Bioreactor looking southeast 

 
Bioreactor transfer tanks and pump  

 
Irrigation tank and distribution system  
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CSSA B-3 REMOVAL ACTION   

BI-WEEKLY STATUS REPORT  

AUGUST 10, 2006 

 

The period for this bi-weekly status report is from July 24, 2006 through August 4, 2006 for 
removal actions and bioreactor construction at SWMU B-3.    The status is listed below and 
includes current conditions as well as anticipated schedule.   Photos have also been attached for 
reference.  

Site personnel include: 
 USA Environment – Rene Jones, Darrell Billiot,  Brian Theis 
 Parsons – Samantha Elliot, Ken Rice, Kyle Caskey 

Executive Summary.  Site conditions were sunny, hot and high humidity. All excavations 
and removal actions have been finalized and all soils have been properly disposed of at 
WMI’s Covel Garden facility.  Following is a summary of the final actions taken for the 
remaining stockpiles before disposal: 
• Trench 3- Stockpiles 10 and 11 exceeded RCRA TCLP hazardous levels for benzene, and 

were successfully treated to Class 2 Non-hazardous criteria.  
• Trench 5 - Stockpile 2 exceeded RCRA TCLP hazardous levels for lead and was 

successfully treated to Class 2 Non-hazardous criteria.  Stockpile 9 exceeded Class 1 
Non-hazardous criteria for lead and was disposed of as Class 1 NH waste.   

Bioreactor construction was continued during this reporting and the Underground Injection 
Control (UIC) permit for the bioreactor was received from the TCEQ. 
Following is an overall summary of construction of the bio-reactor: 
Delivered gravel and tree mulch were mixed within SWMU B-3 area to create the bioreactor 
material.  Ten 5 foot sections of 6 inch well screen monitoring sumps were located at the 
low points within trench 1 through 5 and bioreactor material backfilled within the trench. 
• Approximately 660 gallons of food grade vegetable oil was sprayed into trenches 1 

through 3. 
• Approximately 4,200 CY of gravel has been delivered on-site and stockpiled at the 

former SWMU B-10 area.  
• Approximately 3,100 CY of tree mulch has been delivered on-site and stockpile near the 

gravel stockpile. 
• Approximately 4,100 CY of bioreactor material (mixture of gravel and mulch) was 

placed into trenches 1 trough 5. 
Anticipated Schedule for Next Week  

 Excavation of trench 6 (clean filled) will be completed to apply bioreactor material. 
 Continue bioreactor construction with the mixing and placement of tree mulch and 

gravel (bioreactor material).     
Transportation efforts of the bioreactor material (gravel and tree mulch), will continue through 
August 11, 2006.   The water irrigation system installation within the trenches will be initiated. 
 



 Photos of conditions/activities are provided below and include descriptions.    
 

 
Trench 1  and Trench 2 looking north (Vegoil 

within the trenches) 

 
Trench 1  and Trench 2 looking north (4 sumps 

installed) 

 
Vegetable Oil applied to Trench 1 

 
Bioreactor Monitoring Sump (Trench 5) 

 
Trench 6 excavation 

 
Vegetable Oil applied to Trench 1 (220 gallon 

tote tanks in trench 2)  

 



CSSA B-3 BIOREACTOR CONSTRUCTION   

BI-WEEKLY STATUS REPORT  

AUGUST 22, 2006 

 

The period for this bi-weekly status report is from August 7, 2006 through August 18, 2006 for 
the bioreactor construction at SWMU B-3.    The status is listed below and includes current 
conditions as well as anticipated schedule.   Photos have also been attached for reference.  

Site personnel include: 
 USA Environment – Rene Jones, Darren Billiot,  Brian Theis 
 Parsons – Samantha Elliot, Ken Rice, Kyle Caskey 

• Executive Summary.  Site conditions were sunny, hot with high humidity. All 
excavations and removal actions have been finalized and all soils have been properly 
disposed of at WMI’s Covel Garden facility.  Bioreactor construction was continued 
during this status period. 

Following is an overall summary of construction of the bioreactor: 
Delivered gravel and tree mulch were mixed within SWMU B-3 area to create the bioreactor 
material.  Five foot sections of 6 inch well screen monitoring sumps were located at the low 
points within trenches 1 through 6 and bioreactor material backfilled within the trench. 
• Approximately 660 gallons of food grade vegetable oil was sprayed into trenches 1 

through 3.  An additional 220 gallons of food grade vegetable oil was sprayed into trench 
6. 

• Approximately 5,000 CY of gravel has been delivered on-site and stockpiled at the 
former SWMU B-10 area.  

• Approximately 5,000 CY of tree mulch has been delivered on-site and stockpiled near the 
gravel stockpile. 

• Approximately 9,200 CY of bioreactor material (mixture of gravel and mulch) was 
placed into trenches 1 trough 6. 

Anticipated Schedule for Next Two Week Period 
 Complete bioreactor material placement within trenches. 
 Install site security measures (cable fencing) surrounding SWMU B-3. 
 Continue the installation of the planned irrigation system for the bioreactor.    

Transportation efforts of the bioreactor material (gravel and tree mulch) are complete.    



 
 Photos of conditions/activities are provided below and include descriptions.    
 

 
Trench 1  and Trench 2 looking south  

 
SWMU B-3 looking northeast 

 
Vegetable Oil applied to Trench 6 

 
Bioreactor Monitoring Sumps (Trench 6) 

 
Trench 6 excavation looking south 

 
Vegetable Oil applied to Trench 6 (220 gallon 

tote tanks)  

 



CSSA B-3 BIOREACTOR CONSTRUCTION   

BI-WEEKLY STATUS REPORT  

SEPTEMBER 12, 2006 

 

The period for this bi-weekly status report is from August 21, 2006 through September 1, 2006 
for the bioreactor construction at SWMU B-3.    The status is listed below and includes current 
conditions as well as anticipated schedule.   Photos have also been attached for reference.  

Site personnel include: 
 USA Environment – Rene Jones, Darren Billiot,  Brian Theis 
 Parsons – Ken Rice 

• Executive Summary.  Site conditions were sunny, hot with high humidity. All 
excavations and removal actions have been finalized and all contaminated soils have been 
properly disposed of at WMI’s Covel Garden facility.  Bioreactor construction was 
continued during this status period. 

Following is an overall summary of construction of the bioreactor: 
Delivered gravel and tree mulch were mixed within SWMU B-3 area to create the bioreactor 
material.  Bioreactor material placement was completed with approximately 10,000 cubic 
yards of material placed into trenches 1 trough 6.  Irrigation system installation was 
continued during this status period.   
The planned irrigation system will deliver recovered groundwater from CS-MW16CC and 
CS-MW16LGR to each trench of the bioreactor.  The water is expected to become organic 
rich from the degrading mulch which will create a reducing (anaerobic) condition in the 
groundwater bearing zone underneath SWMU B-3.  The resulting anaerobic conditions are 
favorable for attenuating chlorinated solvents through natural processes. 

Anticipated Schedule for Next Two Week Period 
 Complete bioreactor irrigation system installation within trenches. 
 Install site security measures (cable fencing) surrounding SWMU B-3. 
 Testing of the irrigation system for the bioreactor.    

    Photos of conditions/activities are provided below and include descriptions.    

 
Trench 3 irrigation piping  Spray nozzle (typical) 



CSSA B-3 BIOREACTOR CONSTRUCTION   

BI-WEEKLY STATUS REPORT  

SEPTEMBER 27, 2006 

 

The period for this bi-weekly status report is from September 11, 2006 through September 22, 
2006 for the bioreactor construction at SWMU B-3.    The status is listed below and includes 
current conditions as well as anticipated schedule.   Photos have also been attached for reference.  

Site personnel include: 
 USA Environment – Rene Jones, Darren Billiot,  Brian Theis 
 Parsons – Ken Rice 

• Executive Summary.  Site conditions were partly cloudy, hot with high humidity and 
scattered showers. All excavations and removal actions have been finalized.  Bioreactor 
construction was continued during this status period. 

Following is an overall summary of construction of the bioreactor: 
Irrigation system installation was continued during this status period and all trenches now 
have piping and spray nozzles installed for delivery of water.  The planned irrigation system 
is expected to deliver groundwater from CS-MW16CC and CS-MW16LGR to each trench 
of the bioreactor in accordance with CSSA’s Class V Aquifer Remediation Injection Wells 
(TCEQ Authorization No. 5X2600431).  The groundwater will be transferred to a 5,000 
gallon tank on SWMU B-3 which will be pumped to the trench(s) as necessary to facilitate 
the treatment of the contaminated groundwater through natural attenuation. 
The design of the irrigation system is complete and a schematic is attached for reference.  
The operations and control of the irrigation system will allow continuous operations of the 
irrigation system while protecting equipment (pumps) and ensuring that injected 
groundwater remains in the bioreactor. The irrigation system is expected to be capable of 
delivering approximately 120 gallons per minute of groundwater to the bioreactor. The only 
remaining task to complete with the irrigation system is the installation of the groundwater 
delivery pump, the associated controls, and commissioning of the system.  

Anticipated Schedule for Next Period 
 Complete bioreactor irrigation system and associated controls for delivery of 

groundwater to the bioreactor trenches and site security measures. 

 
SWMU B-3 Irrigation Tank  

 
SWMU B-3 site security 





CSSA B-3 BIOREACTOR CONSTRUCTION   

STATUS REPORT  

NOVEMBER 28, 2006 

 

The period for this status report is from September 25, 2006 through November 24, 2006 for the 
bioreactor construction at SWMU B-3.    The status is listed below and includes current 
conditions as well as anticipated schedule.   Photos have also been attached for reference.  

Site personnel include: 
 USA Environment – Rene Jones, Darren Billiot,  Brian Theis 
 Parsons – Ken Rice 

• Executive Summary.  Site conditions were mostly partly cloudy, hot and some rain. All 
excavations and removal actions have been finalized.  Bioreactor construction was 
continued during this status period. 

Following is an overall summary of construction of the bioreactor: 
Irrigation system installation was completed during this status period with the initial testing 
of the water delivery system.  The planned irrigation system is expected to deliver 
groundwater from CS-MW16CC and CS-MW16LGR to each trench of the bioreactor in 
accordance with CSSA’s Class V Aquifer Remediation Injection Wells (TCEQ 
Authorization No. 5X2600431).  The anticipated delivery rate is initially anticipated at 35 
gallons per minute (gpm) but will have a design capacity of 120 gpm. 
We tested the irrigation system using potable water [from a tanker-trailer] and a rental 
pump, and found it meets the design criteria for delivery of water to each trench.  The 
ground cover for the trench irrigation system was installed using pea gravel to promote 
infiltration of rain water.  Per Mr. Bryan Smith of TCEQ, the use of pea gravel was deemed 
acceptable as cover for meeting Class V injection permit for the site irrigation system. An 
operations and maintenance plan is being prepared that complies with TCEQ UIC 
monitoring requirements and also specifies performance monitoring requirements.  
Additionally, an amendment to the UIC authorization will be requested since the bioreactor 
was constructed in a total of six trenches instead of the five trenches identified in the 
original UIC authorization application.  The remaining task to complete with the irrigation 
system is the installation of the groundwater delivery pump, and the associated controls. 
Site security measures consisting of 3/8 inch steel wound cable surrounding the entire site 
supported by 6 foot by 3 inch diameter steel pipe, 2 feet of the pipe are below grade surface, 
was completed.  Additionally, an approximately 2 foot berm was place on the west side of 
B-3 to prevent water from exiting the site through surface drainage.  

Anticipated Schedule for Next Period 
 Complete bioreactor pump installation for irrigation system and associated controls 

for delivery of groundwater to the bioreactor trenches. 
 Add layer of mulch on surface of bioreactor. 



Photos of conditions/activities are provided below and include descriptions.    
 

Trench 1 and Trench 2 looking south (irrigation 
lines within the trenches) 

Trench 1  and Trench 2 looking south 
(geofabric and gravel layer) 

 
Geofabric layer in Trench 5 

 
SWMU B-3 site looking southwest 

 
Spray Nozzle (typical) 

 
Water tank with rented pump  

 



 

 
Test flow meter 

 
Test pressure gauge (pressure reading prior to 

nozzles) 

 
Test pressure gauge (pressure reading after 

nozzles) 

 
Irrigation system distribution header 

 
Trench 1 & 2 looking north (berm construction 

on west side) 

 
Site security (cable fencing)  
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APPENDIX C 
DESIGN/AS-BUILT DRAWINGS OF BIOREACTOR  

INCLUDING SURVEY DATA 

 


























	Appendices_Only.pdf
	Bioreactor Tech Docs Dwgs Rev0 & Spec.pdf
	B3 P-1 Rev0.pdf
	B3 E-1A Rev0.pdf
	B3 E-1B Rev0.pdf
	B3 E-2 Rev0.pdf
	B3 E-3 Rev0.pdf


	Bioreactor Tech Docs Dwgs Rev0 & Spec.pdf
	B3 P-1 Rev0.pdf
	B3 E-1A Rev0.pdf
	B3 E-1B Rev0.pdf
	B3 E-2 Rev0.pdf
	B3 E-3 Rev0.pdf




