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This technical memorandum provides a summary of field, analytical, and operational data collected 
from March 1, 2006, through August 31, 2006, for the Operable Unit 1 (OU-1) demonstration study 
system.  The OU-1 system is being implemented as part of the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) program at the National Aeronautics and Space 
Administration (NASA) Jet Propulsion Laboratory (JPL) in Pasadena, California.   

This memorandum summarizes system performance based on the extracted and reinjected 
groundwater volumes, volatile organic compound (VOC) removal, and perchlorate removal.  Other 
operational issues discussed include actions taken to monitor and mitigate sulfate reduction (and 
hydrogen sulfide generation), the performance of the biomass removal and backwash recovery system, 
reinjection well performance, and an assessment to evaluate the water levels and water quality data 
collected within the OU-1 target treatment zone. In addition, the following attachments are included: 

•	 Attachment A: Field Monitoring Results 
•	 Attachment B: Laboratory Analytical Results 
•	 Attachment C: Los Angeles County Sanitation District Industrial Wastewater Discharge Permit 

System Performance Summary 

Table 1 summarizes the performance of the OU-1 system through August 31, 2006.   

Table 1. OU-1 System Operational Summary (Through August 31, 2006) 
Parameter Units EW-1 EW-2 Total 

Total Volume of Groundwater Extracted  Acre Feet 112 199 311 
Total Volume of Wastewater to Sewer Acre Feet − − 0.30 
Mass of Perchlorate Removed lb 217 336 553 
Mass of Carbon Tetrachloride (CCl4) 
Removed lb 2.5 12.3 14.8 

Mass of Trichloroethylene (TCE) Removed lb 0.6 2.0 2.6 
EW = Extraction Well 

System performance is discussed below in terms of the extraction well flow rates, injection well flow 
rates, wastewater discharges, and the overall mass removal achieved:  

•	 Extraction. The OU-1 system has operated at an average extraction flow rate of 140 gallons per 
minute (gpm) and has extracted approximately 311 acre-ft of water through August 31, 2006.  
The flow rate from EW-1 (the shallow well) has varied from 60 to 87 gpm, with an average 
value of 61 gpm. The flow rate from EW-2 (the deep well) has varied from 67 to 168 gpm, with 
an average value of 101 gpm.  EW-1 was only operated from March 2006 through May 2006; the 
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reason for temporarily ending extraction from EW-1 was based on the total reinjection flow that 
the system could handle.  Since the reinjection wells were only accepting approximately 150 
gpm, the decision was made to use only EW-2. By using only EW-2, the need for excess back 
pressure on the EW-2 pump (flow reduction) was eliminated and it allowed the higher 
concentrations of chemicals to be removed. As can be seen below, the VOC concentrations in 
EW-1 have been reduced below the analytical detection limit at this time.  EW-1 will continue to 
be used once reinjection well rehabilitation is complete. 

•	 Reinjection.  Sustained reinjection flow rates have been achieved at Injection Well No. 1 (IW-1) 
at a level up to 98 gpm, with an average value of 88 gpm.  The pressure at the IW-1 wellhead 
ranged from 0 to 43 pounds per square inch (psi), with an average value of 20psi.  Sustained 
reinjection flow rates have been achieved at IW-2 at levels up to 130 gpm, with an average value 
of 79 gpm. The pressure at the IW-2 wellhead has ranged from 0 to 39 psi, with an average 
value of 25 psi. 

In May 2006, IW-1 was rehabilitated due to increased pressure and reduced flow.  Just prior 
rehabilitation, well head pressure was at 43 psi and flow was limited to 75 gpm.  Post-
rehabilitation, the IW-1 wellhead was at 0 psi and could handle up to 150 gpm.  Four weeks 
after rehabilitation, the condition in IW-1 yielded a wellhead pressure of 10-20 psi and flows of 
100-130 gpm.  By the end of August IW-1 yielded a wellhead pressure of 40-47 psi and flows of 
50-75 gpm. 

•	 Wastewater Discharges. The amount of wastewater discharged to the sanitary sewer during 
this operating period was 41,500 gallons, or approximately 0.13 acre-ft.  The total amount of 
wastewater discharged over the course of the OU-1 operation was 98,500 gallons or 
approximately 0.30 acre-ft.  Discharges to the sanitary sewer occur, on average, once every four 
weeks. At the end of each month, the total amount of discharges to the sanitary sewer system, 
along with the extracted and reinjected water volumes, are reported to the Raymond Basin 
Management Board.  On July 31, 2006, a new Industrial Wastewater Discharge Permit was 
issued by the Los Angeles County Sanitation District to replace the interim permit that had 
previously been issued. A copy of the new permit can be found as Attachment C.  The new 
permit allows for wastewater discharges from the OU-1 system without taking samples prior to 
discharge. The self monitoring requirement is still in place requiring that a sample be taken 
during discharge once every six months. 

•	 Mass Removal. The total cumulative chemical mass removed by the OU-1 system through the 
end of August 2006 was estimated at 553 lb of perchlorate, 14.8 lb of CCl4, and approximately 
2.6 lb of TCE. Between February 28, 2006, and August 31, 2006, the chemical mass removed by 
the OU-1 system was 101 lb of perchlorate, 4.8 lb of CCl4, and approximately 0.7 lb of TCE. 
Figure 1 shows the cumulative perchlorate removal over time for the OU-1 system. The mass 
removal estimates were based on the amount of groundwater extracted during each month 
from each well, the monthly average influent perchlorate concentration from each well, and the 
monthly average influent CCl4 and TCE concentrations from each well. 
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Figure 1. Cumulative Mass of Perchlorate Removed by the OU-1 System 

IW-1 Rehabilitation 

Rehabilitation of IW-1 took place between May 2, 2006 and May 17, 2006.  Prior to the start of well 
rehabilitation activities, flow to the injection well was shut down.  The drilling subcontractor (WDC) 
disconnected the associated plumbing and removed the injection piping from the well.  All of the 
downhole piping was visually inspected for signs of biofouling and mineral encrustation (none were 
noted). A video log was performed by Pacific Surveys using a submersible camera system that 
allowed horizontal and downhole video capture.  Video of the entire casing, screen and sump was 
collected, and still photos were taken of zones of interest; zones of increased and decreased fouling 
were noted.  After completion of the video log, physicochemical and biological assay samples were 
collected from the well using a stainless steel bailer.   

The physicochemical (inorganic) data analyses included phenolphthalein alkalinity, pH, chlorides, 
total dissolved solids (TDS), total hardness, carbonate hardness, non-carbonate hardness, calcium, 
magnesium, phosphate, iron, copper, nitrate, tannin/lignin, sulfate, silica as SiO2, manganese, 
saturation index, and redox potential.  The iron, manganese, and sulfur (total, Fe2+/Fe3+, Fe minerals 
and complexes, total, Mn4+/Mn2+, minerals and complexes, and total, S2-/S0/SO42-, S minerals and 
complexes) were analyzed in order to predict the clogging potential, presence of biofouling, and redox 
potential shifts (Eh shifts).  The analyses of pH indicate acidity or basicity which predicts corrosion or 
encrustation. In addition, pH is combined with Eh to determine the likely metallic mineral states 
present. Conductivity is used to indicate the TDS content and is a component of the corrosivity 
assessment.  
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Biological assay analyses included the assessment of the total bacterial count per milliliter, the 
anaerobic bacterial load on the system, the presence of sulfur-reducing bacteria, the presence of iron 
oxidizing bacteria, branching or filamentous bacteria, protozoans, and the identification of the two 
largest populations of bacteria present. 

The groundwater samples were submitted to Water Systems Engineering for analysis, and the results 
will be compared to the baseline data that were collected during initial development of the well, and 
used to determine the current well conditions.  Based on this data, rehabilitation and maintenance 
measures can be fine-tuned based on observed changes.  The sample analytical results from Water 
Systems Engineering are provided in Attachment B. 

Due to the presence of biofouling in this well, chemical rehabilitation in association with mechanical 
agitation was used to treat this well.  An initial treatment of 85% phosphoric acid, NuWell-310 
(bioacid dispersant), and potable water were added to the well.  Following the chemical treatment, the 
well was agitated using a surge block, monitored to keep the pH below 3.0, and allowed to sit 
overnight. The next day, the well was surged, pH monitored and then the well was pumped using an 
airlift pumping system.  Approximately 4,000 gallons of treated water was purged from the well.  The 
water was neutralized at the surface using soda ash prior to temporary storage of 21,000 gallon tanks.  
A second chemical treatment was performed followed by the air lift pumping of approximately 19,200 
gallons of treated water from the injection well.   

An injection test was performed to monitor the effectiveness of the chemical treatment.   
Following the injection test, the well was treated with NuWell-220 (a mud dispersant chemical) to 
remove drilling mud from the borehole wall, filter pack, and formation.  Following this treatment, the 
well was pumped at six intervals using the air lift pump system.  Approximately 41,500 gallons was 
removed from the well. 

Following the air lift pumping, the well was pumped using a conventional submersible pump 
(Grundfos) capable of pumping 240 gpm.  The well was pumped at 50 gpm, surged three times, 
pumped at 150 gpm, surged three times, and then pumped at 240 gpm.  Approximately 33,500 gallons 
of water was pumped from the well. 

The total amount of water removed from IW-1 during the rehabilitation was approximately 98,200 
gallons; this water was processed within the OU-1 treatment plant and reinjected into the 
groundwater. Finally, the associated piping was installed and the plumbing was reconnected. 

VOC Removal by Liquid-Phase Granular Activated Carbon 

Liquid-phase granular activated carbon (LGAC) is used to remove VOCs from the groundwater, and 
the LGAC vessels are arranged in a lead-lag configuration.  Samples were collected on a weekly basis 
from each extraction well, the combined LGAC influent, the LGAC lead vessel effluent, and LGAC lag 
vessel effluent. Samples were analyzed for VOCs and 1,4-dioxane (see Attachment B).   

The total VOCs in the combined LGAC influent ranged from 15 to 34 μg/L during March through 
August 2006.  CCl4 represents the highest fraction of the total influent VOCs and ranged from 12 to 25 
μg/L during this time period.  Figure 2 shows an overall declining trend in the influent total VOCs 
over time in both wells and in the combined influent.  The VOC concentrations in EW-1 continue to be 
below detection limit for this period of operation.  Figure 2 also shows March and July 2006 
breakthroughs of CCl4 in the lead LGAC vessel.  On May 1, 2006, the lead LGAC vessel was changed 
out and the lag vessel moved to the lead configuration.  This same process was repeated on  
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Figure 2. Total VOC Influent and Effluent Concentrations  
(VOCs Have Not Been Detected in Any LGAG Lag Vessel Effluent Samples) 

July 27,2006 for the change out of the lead vessel. These change outs yielded perchlorate absorption for 
approximately five weeks. Over the first 18 months of operation, the LGAC vessels were changed out 
on average every seven months. There has been no detection of any VOCs at the effluent of the lag 
LGAC vessel. 

Nitrate and Perchlorate Removal by the Fluidized Bed Reactor (FBR) 

Nitrate and perchlorate biodegradation occur within the FBR when the dissolved oxygen (DO) 
concentrations are low (<1 mg/L), the oxidation reduction potential (ORP) indicates reducing 
conditions, and there is an adequate supply of electron donor (acetic acid) and nutrients 
(urea/diammonium phosphate).  The end products of treatment within the FBR are biomass, carbon 
dioxide, water, nitrogen, and chloride. A summary is provided below of nitrate and perchlorate 
removal in the FBR through August 31, 2006.  Also discussed are data related to ORP conditions and 
sulfate reduction within the FBR. 

During this timeframe, the total flow rate of the FBR ranged from 1,055 to 1,258 gpm, with an average 
value of 1,166 gpm. At an average value of 140 gpm for the forward feed, this represents an 87% 
recycle rate within the FBR.  The fluidized bed height ranged from 14.0 ft to 18.0 ft during this 
timeframe. 

Nitrate Removal. Figure 3 shows the nitrate concentrations in the extracted groundwater from EW-1 
and EW-2 and in the combined plant influent over time.  The figure shows an overall declining trend in 
the plant influent nitrate concentration from greater than 9 mg/L at the start of plant operations in 
February 2005 to approximately 3 mg/L eighteen months later.  Since the end of 2005, the nitrate 
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Figure 3. Influent Nitrate Concentrations at EW-1, EW-2, and Combined Plant Influent 

concentrations have remained consistently between 2mg/L and 3 mg/L.  The dissolved oxygen, 
nitrate, and perchlorate concentrations in the extracted groundwater are the parameters that determine 
the acetic acid demand within the FBR.  As the influent nitrate and perchlorate concentrations have 
decreased over time, the acetic acid concentrations have been manually adjusted on a weekly basis to 
match the changing influent conditions.  The range of dosage during this time period has been 2 to 14 
gallons per day (gpd) with an average of 6 gpd. 

Figure 4 shows the influent and effluent nitrate concentrations across the FBR over time.  It is important 
to optimize nitrate removal because nitrate-reducing conditions must be achieved before perchlorate 
removal occurs.  As Figure 4 shows, the percentage of nitrate removal has varied from 72% to 96%, 
depending on the influent nitrate concentrations and the acetic acid dose applied to the FBR, with an 
average value of 89%. From March 2006 to August 2006, the FBR influent nitrate concentration ranged 
from 1.5 to 6.4 mg/L, with an average value of 3.9mg/L.  During this timeframe, the FBR effluent 
nitrate concentration ranged from <0.25 to 1.4mg/L with an average value of 0.40 mg/L. 
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Figure 4. Nitrate Removal by the FBR 

Perchlorate Removal. Figure 5 shows the perchlorate concentrations in the extracted groundwater from 
EW-1 and EW-2 and in the combined plant influent over time, indicating an overall declining trend in 
plant influent perchlorate concentrations from 2,300 μg/L in February 2005 to an average value of 260 
μg/L in August 2006. EW-1 initially had slightly higher influent perchlorate concentrations than EW-2 
in the extracted groundwater. However, currently the perchlorate concentrations within EW-1 are 
lower than EW-2. Perchlorate concentrations averaged 238 μg/L in EW-1 and 486 μg/L in EW-2 from 
March to August 2006. Currently the OU-1 treatment plant has been operating with EW-2 extraction 
water only since the end of May 2006. 
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Figure 5. Influent Perchlorate Concentrations at EW-1, EW-2, and the Combined Plant Influent 

Figure 6 shows the influent and effluent perchlorate concentrations across the FBR over time.  The 
perchlorate removal between March and August 2006 has been 100%.  The steady-state perchlorate 
concentrations and optimized monitoring techniques have allowed for fine tuning of the FBR and the 
chemical dosing. Figure 7 represents the correlation between the acetic acid dosing and the perchlorate 
concentrations leaving the FBR. The lower influent perchlorate concentrations have allowed for a 
much lower acetic acid dosing (current rate of 4 gpd) during the past six months.  As shown in Figure 
8, the ORP has remained very consistent at the effluent of the FBR ranging from -315 mV to 19 mV and 
averaging -150 mV during this time period.  This consistency contributes to the successful removal of 
perchlorate across the FBR. 
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Figure 6. Perchlorate Removal by the FBR 
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Figure 7. Acetic Acid Dosage Rate and FBR Effluent Perchlorate Concentrations 
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Figure 8. ORP Conditions and FBR Effluent Perchlorate Concentrations 

ORP Conditions and Sulfate Reduction. Under normal operations, the biological treatment unit at the 
OU-1 treatment plant will convert small amounts of natural sulfate in the groundwater to dissolved 
hydrogen sulfide (H2S). During certain upset conditions, larger amounts of H2S can be generated.  
Hydrogen sulfide can create a noticeable odor at a threshold value of 0.0005 parts per million by 
volume (ppmv) in the ambient air (Agency for Toxic Substances and Disease Registry). 

Figure 9 illustrates the relationship between ORP concentrations and total sulfide in the FBR effluent, 
which is a product of sulfate reduction.  The total sulfide measurement is completed on-site using a 
HachTM spectrophotometer which indicates the total quantity of H2S, HS-, and metal sulfides in a 
sample. Based on the neutral pH of the treated water, it is assumed that the majority of the total sulfide 
is present in the form of H2S. 

Sulfide levels in the FBR effluent water only once reached a concentration higher than the typical 
threshold of 100μg/L and averaged 19μg/L over the past six months.  The daily H2S monitoring at the 
OU-1 treatment plant yielded no detectable (>1 ppmv) concentrations in the aeration tank effluent air 
between March and August 2006. 

As a precautionary measure, two tailored carbon vessels are in place, in a lead/lag configuration to 
ensure no H2S releases into the ambient air.  These vessels are located at the air exhaust of the aeration 
tank. 
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Figure 9. ORP Conditions and Sulfide Concentration within the FBR 

Biomass Removal and Backwash Water Recovery 

The biomass removal and backwash recovery system consists of the TrimiteTM filter, the backwash 
sump, and the clarifier. The filter helps to recover biomass solids and to reduce the turbidity of the 
reinjected treated water to protect the injection wells.  Figure 10 shows the effluent turbidity over time 
from the filter based on HachTM turbidimeter readings. The effluent turbidity from the filter ranged 
from 0.07 to 2.0 nephelometric turbidity units (NTU), with an average value of 0.19 NTU from March 
2006 to August 2006.  In comparison, wells are typically developed until the recovered groundwater 
maintains a turbidity of less than 4 NTU.   

Table 2 shows the total suspended solids (TSS) load from the FBR to the filter which ranged from 5 to 
250 lb/day.  The TSS concentrations entering the filter ranged from 3 to 130 mg/L, with decreasing 
values over the past six months.  The TSS concentrations in the filter effluent ranged from <2.5 to <4.0 
mg/L (over what time period) and the corresponding TSS removal rate was optimal given the 
minimum detection limits. 
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Figure 10. TrimiteTM Filter Effluent Turbidity 

Table 2. Summary of Biomass Solids Removal from TrimiteTM Filter 
Filter Influent TSS PercentFilter Effluent TSSDate Removal(b)mg/L lb/daymg/L lb/day(a)

09/29/05 130 250 <4.0 <7 97-100% 
10/27/05 14 27 <4.0 <7 77-100% 
12/28/05 3 5 <2.5 <5 0-100% 
02/02/06 4 8 <2.5 <5 38-100% 
8/31/06 4 8 <2.5 <5 38-100% 
(a) Based on an average flow rate of 160 gpm and 24 hour per day operation. 
(b) Ranges given based on a Minimum Detection Limit for TSS. 

The backwash water from the TrimiteTM filter is sent to the sump, and pumped to the clarifier.  After 
the biomass solids settle out in the clarifier, the clarified (supernatant) water is returned to the FBR 
inlet. Currently, no polymers and/or coagulant aids are being used in the clarifier.  The clarifier solids 
are being discharged to the sanitary sewer at a rate of approximately once every four weeks.   

Water Level and Water Quality Assessment 

Groundwater level elevation and chemical data were used to investigate the impact of the OU-1 system 
operations on local aquifer conditions.  Groundwater level elevation data have been collected quarterly 
from the NASA JPL monitoring wells and transducers are used to record data from the extraction 
wells. In addition, groundwater levels are collected on a weekly basis from NASA-JPL monitoring 
wells MW-7, MW-8, MW-13, MW-16, and IRZ-IW2 as part the OU-1 system operations. 
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Historic elevation data (April 2004) indicate a steep southwest gradient from the mouth of the Arroyo 
Seco to the OU-1 system area coupled with a southeast gradient from the northwest of the JPL facility.  
Flow converges to the south of the treatment system and migrates toward the south/southeast under a 
reduced gradient (Figure 11).  The groundwater elevation contour map showing conditions after 
system startup (Figure 12) indicates groundwater flow is significantly affected by operation of the 
system, with a drawdown of roughly 25-30 ft observed in the extraction wells.  Although no 
groundwater level elevation data are available from the injection wells, it appears that the extraction 
wells will effectively influence groundwater within a greater than 160-ft radius of the extraction wells 
and the groundwater injected upgradient at IW-1 and IW-2.  Graphs of historical groundwater level 
elevation data in select wells (Figure 13) show a significant seasonal fluctuation and also indicate a 
significant rise in elevation in the spring of 2005 that is likely due to increased recharge from 
precipitation. Groundwater levels observed in August 2006 declined approximately 20 to 25 feet from 
the April 2005 high level (Figures 12 and 13).  

Isoconcentration contour maps are provided for TCE, CCl4, and perchlorate for baseline conditions 
before extraction (October/November 2004) and after extraction (May/June 2006) as Figures 14 
through 16.  Figure 17 is an isoconcentration contour map showing the nitrate conditions before 
extraction (May 2004) and after extraction (May/June 2006).  These data indicate the following: 

•	 The concentration of VOCs and perchlorate in the treatment zone (i.e., MW-7 and MW-24) has 
decreased significantly since system startup. 

•	 Concentrations of TCE in the treatment zone are below 1 μg/L. 
•	 Concentrations of CCl4 in MW-7 are below the 0.5 μg/L. 
•	 Perchlorate concentrations in the MW-7 and MW-24 have declined from 4,810 μg/L and 4,880 

μg/L to concentrations of 12 μg/L and 73 μg/L, respectively. 
•	 Concentrations of VOCs and perchlorate have declined or remained the same in the wells near 

the facility’s eastern boundary (MW-11) and western boundary (MW-22 and MW-23). 
•	 Elevated concentrations of VOCs and perchlorate continue to be observed in source area wells 

MW-13 and MW-16 located outside the demonstration study treatment zone.  The proposed 
system expansion includes an additional extraction and injection well to the west of the existing 
wells, which is intended to address chemical concentrations in these wells. 

13 




Figure 11. Groundwater Contour Map April 2004 (Baseline Before Extraction) 
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Figure 12. Groundwater Contour Map May/June 2006 (With Extraction) 
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Figure 13. Historical Groundwater-Level Elevations in MW-7, MW-8, MW-24, and MW-16 
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Figure 14. TCE in Groundwater Before (October/November 2004) and  
After (May/June 2006) System Implementation 
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Figure 15. CCl4 in Groundwater Before (October/November 2004) and 
After (May/June 2006) System Implementation 
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Figure 16. Perchlorate in Groundwater Before (October/November 2004) and 
After (May/June 2006) System Implementation 
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Figure 17. Nitrate in Groundwater Before (May 2004) and 
After (May/June 2006) System Implementation 
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Conclusions and Recommendations 

Conclusions and recommendations associated with the OU-1 system performance during the March 
2006 to August 2006 timeframe are as follows: 

•	 Approximately 15 lb of carbon tetrachloride and 2.6 lb of TCE have been removed through 
August 31, 2006.  VOC removal to non-detectable concentrations has been achieved at the 
effluent of the lag LGAC vessel through August 31, 2006.  The lead LGAC vessels are breaking 
through after approximately seven months of operation.  

•	 Approximately 553 lb of perchlorate have been removed since the startup of the OU-1 system.  
The perchlorate removal was 100% for 73 out of 80 sampling events since system startup.  The 
last known breakthrough occurred almost 12 months ago.  The perchlorate laboratory results 
from the FBR effluent will continue on a 24-hour turnaround basis to allow rapid response time 
to changing process conditions.   

•	 No events occurred during the March to August 2006 timeframe in which sulfate reduction 
within the FBR resulted in measurable sulfide production.  The vapor phase system ensures that 
the system does not release any nuisance odors to the ambient air.  H2S concentrations in the 
ambient air are also measured daily at points within and nearby the OU-1 plant. 

•	 The total volume sent to the clarifier to date is 98,500 gallons, or approximately 0.30 acre-ft. 
Sampling prior to discharge is no longer required. 

•	 Rehabilitation of IW-1 was completed in May 2006. 

•	 The rehabilitation of IW-2 is planned for September 2006  

•	 A significant decrease in chemical concentrations has been observed in the vicinity of MW-7 
and MW-24, which are located within the OU-1 demonstration study system treatment zone.  
Source area concentrations in MW-16 and MW-13 remain elevated while groundwater levels 
continue to recede from their historical high levels.  The proposed system expansion includes an 
additional extraction and injection well to the west of the existing wells, which is intended to 
address chemical concentrations in these wells. 

•	 A sterilization schedule for the OU-1 treatment plants poly tanks is being developed for 

implementation to reduce biological growth within Tanks 201 and 501.


•	 A cleaning of the sump is recommended within the next six months to eliminate any potential 
excess biological buildup within. 
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Table A-1. OU-1 On Site Water Quality Log Comparison Sheet FBR Influent and Effluent
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d/m/y mg/L mg/L mV mV mg/L mg/L mg/L mg/L 
1-Mar-06 3.14 0.13 97.0 -172.8 0.34 0.06 2.9 0.6 
2-Mar-06 3.00 0.13 88.6 -136.8 0.36 0.07 3 0.8 
3-Mar-06 3.02 0.13 94.1 -89.4 0.36 0.07 2.6 0.5 
6-Mar-06 3.42 0.14 88.6 -85.3 0.35 0.06 2.9 0.4 
7-Mar-06 3.53 0.09 89.6 -102.6 0.35 0.06 3 0.5 
8-Mar-06 3.62 0.17 86.9 -51.7 0.35 0.06 3.1 0.5 
9-Mar-06 3.61 0.22 100.7 -43.4 0.40 0.07 3.2 0.7 
13-Mar-06 3.76 0.18 97.9 19.0 0.39 0.09 3.10 0.7 
14-Mar-06 3.69 0.18 103.9 -26.2 0.37 0.08 3.30 0.3 
15-Mar-06 3.27 0.15 105.4 -45.4 0.37 0.06 3.00 0.7 
16-Mar-06 3.72 0.19 103.5 -49.7 0.37 0.06 3.10 0.7 
17-Mar-06 3.60 0.14 115.3 -70.8 – 0.07 3.20 0.6 
20-Mar-06 2.96 0.13 107.2 -63.4 0.40 0.06 4.20 0.4 
21-Mar-06 3.25 0.17 103.8 -60.5 0.38 0.06 3.40 0.8 
22-Mar-06 3.75 0.18 104.8 -106.1 0.38 0.05 3.50 0.3 
23-Mar-06 3.10 0.17 134.4 -210.2 0.38 0.06 3.30 0.7 
24-Mar-06 3.37 0.21 121.0 -244.7 0.38 0.09 3.30 0.6 
27-Mar-06 3.38 0.19 116.6 -304.6 0.40 0.13 3.40 0.9 
28-Mar-06 3.03 0.13 119.5 -244.8 0.41 0.07 3.60 0.4 
29-Mar-06 2.82 0.16 117.8 -218.5 0.41 0.07 3.5 0.5 
30-Mar-06 3.71 0.14 114.0 -212.2 0.41 0.07 3.40 0.4 
31-Mar-06 3.60 0.16 102.0 -172.1 0.40 0.07 3.10 0.5 
3-Apr-06 2.42 0.21 107.1 -205.6 0.40 0.07 3.10 0.4 
4-Apr-06 3.42 0.13 99.6 -196.7 0.40 0.07 3.30 0.4 
5-Apr-06 3.38 0.13 91.3 -152.2 0.41 0.07 3.30 0.4 
6-Apr-06 3.63 0.22 85.7 -172.0 0.41 0.07 3.20 0.05 
7-Apr-06 3.01 0.25 81.5 -184.5 0.40 0.07 3.10 0.03 
10-Apr-06 – – – – – – – – 
11-Apr-06 4.10 0.22 101.7 -173.1 0.40 0.07 3.30 0.04 
17-Apr-06 – – – – – – – – 
18-Apr-06 2.9 0.16 96.3 -196.0 – – – 
19-Apr-06 3.26 0.26 90.2 -157.1 0.42 0.08 3.00 0.1 
20-Apr-06 3.32 0.23 103.7 -181.9 0.42 0.08 3.20 0.4 
21-Apr-06 3.40 0.20 99.5 -171.6 0.40 0.07 3.30 0.6 
24-Apr-06 3.83 0.22 103.6 -175.9 0.41 0.07 3.10 0.8 
25-Apr-06 3.23 0.21 101.8 -167.7 0.40 0.07 3.00 0.4 
26-Apr-06 – – – – – – – – 
27-Apr-06 3.29 0.25 116.3 -125.9 0.40 0.06 3.10 0.6 
28-Apr-06 2.37 0.11 115.5 -155.8 0.40 0.07 3.10 0.3 
1-May-06 935 – 20 – 7 – – – 
2-May-06 2.88 0.27 108.2 -110.1 0.58 0.07 2.80 0.5 
3-May-06 2.95 0.10 97.0 -174.0 0.52 0.07 2.90 0.4 
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d/m/y mg/L mg/L mV mV mg/L mg/L mg/L mg/L 
4-May-06 2.44 0.13 94.5 -169.9 0.47 0.07 2.80 0.4 
5-May-06 2.35 0.24 106.0 -128.2 0.46 0.07 2.80 0.5 
8-May-06 1440 – 21 – 8 – – – 
9-May-06 930 – 19 – 7 – – – 
10-May-06 2.03 0.27 -33.1 -257.7 0.49 0.12 2.20 – 
11-May-06 0.49 0.13 -22.0 -196.5 7 – – – 
12-May-06 0.59 0.10 49.3 -153.9 0.37 0.06 2.70 0.7 
15-May-06 0.86 0.20 89.6 -150.9 0.33 0.06 2.80 0.5 
16-May-06 1.03 0.17 56.1 -213.3 0.30 0.07 2.80 0.6 
17-May-06 3.18 0.25 95.7 -223.3 0.26 0.08 2.90 0.7 
18-May-06 5.10 0.26 77.3 -126.6 0.28 0.07 2.90 0.6 
19-May-06 3.15 0.14 78.1 -205.4 0.28 0.07 2.90 0.6 
22-May-06 4.34 0.19 103.3 -181.7 0.33 0.06 3.20 0.1 
23-May-06 3.49 0.14 74.2 -167.0 0.32 0.05 3.30 0.4 
24-May-06 900 – 20 – 8 – – – 
25-May-06 2.37 0.13 100.6 -182.6 0.32 0.06 3.30 0.5 
26-May-06 3.51 0.25 84.3 -161.7 0.32 0.07 3.20 0.4 
29-May-06 1540 – – – – – 
30-May-06 3.80 0.20 79.5 -180.4 0.34 0.06 2.70 0.2 
31-May-06 1.74 0.18 -3.6 -315.1 0.11 0.12 0.40 1.9 
1-Jun-06 2.48 0.19 69.3 -141.9 0.12 0.07 1.80 0.8 
2-Jun-06 2.22 0.23 48.4 -149.5 0.12 0.08 2.50 0.5 
5-Jun-06 0.48 0.17 69.3 -135.0 0.13 0.06 3.40 0.7 
6-Jun-06 2.13 0.16 182.0 -60.0 0.12 0.05 3.80 0.5 
7-Jun-06 2.02 0.25 124.2 -89.6 0.13 0.05 3.60 0.6 
8-Jun-06 2.23 0.21 104.7 -102.5 0.13 0.05 3.00 0.5 
9-Jun-06 1.91 0.24 81.0 -67.5 0.13 0.05 3.40 0.5 
12-Jun-06 0.48 0.17 107.7 -89.3 7 – – – 
13-Jun-06 1.74 0.28 91.9 -90.3 0.13 0.05 3.70 0.9 
14-Jun-06 1.83 0.19 90.6 -103.7 0.12 0.05 3.60 0.8 
15-Jun-06 1.99 0.33 92.9 -101.2 0.12 0.05 3.70 0.7 
16-Jun-06 2.09 0.26 101.0 -118.2 0.15 0.05 3.70 0.8 
19-Jun-06 2.29 0.27 89.7 -98.2 0.17 0.05 3.90 0.8 
20-Jun-06 2.24 0.18 95.2 -131.8 0.18 0.05 4.00 0.4 
21-Jun-06 2.25 0.31 94.7 -66.9 0.20 0.05 4.00 0.5 
22-Jun-06 2.12 0.25 103.7 -114.5 0.21 0.05 3.20 0.5 
22-Jun-06 2.24 0.24 87.7 -134.9 0.22 0.06 3.60 0.4 
26-Jun-06 2.40 1.19 101.8 -176.0 0.26 0.06 2.90 0.5 
27-Jun-06 2.18 0.28 90.7 -129.0 0.27 0.05 2.90 0.4 
28-Jun-06 2.02 3.84 91.8 -144.4 0.27 0.05 2.80 0.5 
29-Jun-06 1.98 0.00 80.5 -124.9 0.30 0.05 3.00 0.5 
30-Jun-06 1.81 0.00 99.2 -131.9 0.32 0.06 3.00 0.5 
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d/m/y mg/L mg/L mV mV mg/L mg/L mg/L mg/L 
3-Jul-06 2.11 0.00 88.9 -145.1 0.45 0.05 3.00 0.5 
4-Jul-06 – – – – – – – – 
5-Jul-06 2.05 0.00 40.2 -250.3 0.47 0.06 3.90 0.5 
6-Jul-06 1.98 0.00 28.4 -119.1 0.50 0.07 3.90 0.8 
7-Jul-06 2.38 0.00 93.3 -145.1 0.41 0.06 2.60 0.9 
10-Jul-06 2.05 0.00 75.4 -178.0 0.41 0.06 2.70 0.3 
11-Jul-06 2.03 0.18 90.8 -137.9 0.41 0.06 2.60 0.2 
12-Jul-06 2.07 0.00 84.1 -131.0 0.39 0.06 2.70 0.2 
13-Jul-06 1.98 0.00 77.1 -98.5 0.37 0.05 2.80 0.2 
14-Jul-06 2.18 0.00 91.6 -120.0 0.38 0.05 2.80 0.3 
17-Jul-06 1.96 0.00 55.2 -123.9 0.38 0.06 3.10 0.5 
18-Jul-06 1.90 0.28 84.6 -117.9 0.38 0.06 3.40 0.6 
19-Jul-06 2.08 0.98 81.5 -140.5 0.39 0.06 2.90 0.8 
20-Jul-06 1.90 0.00 81.9 -100.1 0.39 0.05 3.00 0.7 
21-Jul-06 1.98 0.00 82.0 -110.1 0.39 0.05 3.00 0.7 
24-Jul-06 2.24 0.00 94.0 -133.3 0.43 0.06 3.00 0.3 
25-Jul-06 2.15 0.00 89.7 -140.1 0.44 0.06 2.90 0.2 
26-Jul-06 2.10 0.00 84.3 -152.6 0.44 0.06 3.30 0.3 
27-Jul-06 2.11 0.00 86.4 -130.1 0.44 0.06 3.10 0.3 
28-Jul-06 2.03 0.00 60.9 -230.3 0.16 0.09 2.60 0.1 
31-Jul-06 0.32 0.00 70.5 -228.2 0.15 0.08 3.20 0.8 
1-Aug-06 1.97 0.00 79.3 -217.2 0.15 0.07 2.90 0.7 
2-Aug-06 2.02 0.00 89.3 -203.4 0.16 0.07 3.00 0.7 
3-Aug-06 1.78 0.00 88.6 -261.4 0.14 0.11 2.30 1 
4-Aug-06 1.92 0.00 78.0 -262.2 0.15 0.10 2.50 – 
7-Aug-06 2.16 0.00 65.0 -262.4 0.14 0.09 2.70 0.7 
8-Aug-06 2.13 0.00 79.2 -197.3 0.15 0.06 2.60 0.7 
9-Aug-06 1.90 0.00 81.4 -203.4 0.15 0.06 2.80 0.6 
10-Aug-06 2.10 0.00 94.6 -168.9 0.15 0.06 2.70 0.6 
11-Aug-06 2.03 0.00 85.3 -175.5 0.16 0.06 2.80 0.6 
14-Aug-06 2.04 0.00 79.2 -154.7 0.18 0.05 2.70 0.09 
15-Aug-06 2.15 0.00 90.5 -174.6 0.18 0.05 3.10 0.04 
16-Aug-06 2.09 0.00 93.7 -126.1 0.18 0.05 3.00 0.05 
17-Aug-06 2.12 0.00 83.0 -176.7 0.18 0.05 3.00 0.05 
18-Aug-06 2.10 0.00 84.3 -121.1 0.18 0.05 2.90 0.06 
21-Aug-06 2.50 0.00 88.8 -168.2 0.22 0.05 3.00 0.4 
22-Aug-06 2.27 0.00 92.8 -188.0 0.22 0.06 2.80 0.3 
23-Aug-06 1.92 0.00 81.0 -173.8 0.23 0.05 2.80 0.5 
24-Aug-06 1.98 0.00 83.1 -168.2 0.23 0.05 2.90 0.4 
25-Aug-06 2.03 0.00 85.8 -171.1 0.23 0.05 2.80 0.4 
28-Aug-06 2.22 0.00 83.6 -155.4 0.27 0.06 2.90 – 
29-Aug-06 2.03 0.00 70.6 -185.3 0.27 0.05 3.30 0.5 
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d/m/y mg/L mg/L mV mV mg/L mg/L mg/L mg/L 
30-Aug-06 2.03 0.00 82.5 -144.2 0.27 0.05 2.80 0.7 
31-Aug-06 2.49 0.00 76.0 -159.9 0.27 0.05 2.90 0.2 
Note: 
(a) The ion selective probe for perchlorate is calibrated to <0.1 mg/L. Readings below this value are 
(b) Samples shaded red are possible monitoring/equipment errors and are not included in calculations. 
(c) A dash signifies parmeters that were not read.
(d) UR = Under Range



Table A-2. OU-1 On Site Water Quality Log Sheet FBR Effluent 
D
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d/m/y 
1-Mar-06 
2-Mar-06 
3-Mar-06 
6-Mar-06 
7-Mar-06 
8-Mar-06 
9-Mar-06 
13-Mar-06 
14-Mar-06 
15-Mar-06 
16-Mar-06 
17-Mar-06 
20-Mar-06 
21-Mar-06 
22-Mar-06 
23-Mar-06 
24-Mar-06 
27-Mar-06 
28-Mar-06 
29-Mar-06 
30-Mar-06 
31-Mar-06 
3-Apr-06 
4-Apr-06 
5-Apr-06 
6-Apr-06 
7-Apr-06 
10-Apr-06 
11-Apr-06 
17-Apr-06 
18-Apr-06 
19-Apr-06 
20-Apr-06 
21-Apr-06 
24-Apr-06 
25-Apr-06 
26-Apr-06 
27-Apr-06 
28-Apr-06 
1-May-06 
2-May-06 
3-May-06 
4-May-06 
5-May-06 
8-May-06 
9-May-06 
10-May-06 
11-May-06 
12-May-06 
15-May-06 
16-May-06 
17-May-06 
18-May-06 
19-May-06 
22-May-06 
23-May-06 
24-May-06 
25-May-06 
26-May-06 
29-May-06 
30-May-06 
31-May-06 
1-Jun-06 
2-Jun-06 
5-Jun-06 
6-Jun-06 
7-Jun-06 
8-Jun-06 
9-Jun-06 

Ti
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e

1630 
1335 
1000 
1250 
1900 
1150 
1450 
1320 
1350 
1245 
1230 
1200 
1340 
1210 
1205 
1430 
1230 
1150 
1220 
1130 
1700 
1445 
1350 
1330 
1200 
1330 
1200 

– 
1230 

– 
– 

1205 
1340 
1305 
1245 
930 

– 
1330 
1600 

– 
1430 
1225 
1230 
1545 

– 
– 

900 

1575 
1725 
1420 
1600 
1700 
1300 
1600 
1130 

– 
1530 
910 

– 
945 
1100 
1530 
1100 
1130 
1220 
1320 
1130 
1345 

PH

7.12 
7.28 
7.21 
7.07 
7.03 
7.14 
7.09 
7.14 
7.05 
6.95 
6.99 
7.03 
7.00 
6.74 
6.56 
6.80 
6.93 
6.97 
7.08 
7.09 
7.15 
7.07 
7.05 
7.21 
7.14 
7.18 
7.22 

– 
7.23 

– 
– 

7.06 
6.84 
6.77 
7.23 
7.2 
– 

7.1 
7.1 
– 

7.0 
7.0 
7.0 
7.1 
– 
– 
– 
– 

7.1 
7.0 
6.9 
7.1 
7.4 
7.4 
7.2 
7.2 
– 

7.2 
7.2 
– 

7.2 
7.3 
7.7 
8.8 
7.4 
7.3 
7.3 
7.2 
7.2 

Te
m
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°C 
20.6 
20.5 
20.4 
20.2 
20.1 
20.2 
19.9 
19.9 
20.3 
20.0 
20.2 
19.5 
19.7 
19.7 
20.4 
21.1 
20.5 
20.3 
19.0 
19.9 
20.0 
19.5 
20.4 
19.5 
19.3 
19.5 
20.3 

– 
20.2 

– 
– 

20.9 
21.2 
21.1 
20.5 
19.3 

– 
20.0 
19.9 

– 
21.5 
20.2 
20.0 
21.1 

– 
– 
– 
– 

21.4 
22.0 
22.3 
21.4 
21.9 
21.8 
19.8 
20.5 

– 
20.6 
20.2 

– 
20.9 
20.9 
21.8 
20.9 
21.1 
20.7 
21.2 
20.5 
20.4 

C
on

du
ct

iv
ity

µS/cm 
530 
553 
550 
532 
531 
540 
542 
538 
535 
529 
528 
534 
528 
499 
491 
506 
514 
527 
528 
528 
528 
538 
530 
532 
532 
533 
535 

– 
534 

– 
– 

535 
532 
531 
532 
534 

– 
534 
533 

– 
522 
519 
517 
514 

– 
– 
– 
– 

599 
515 
506 
518 
554 
542 
524 
532 

– 
533 
534 

– 
532 
519 
564 
575 
560 
559 
546 
543 
540 

D
O

mg/L 
0.13 
0.13 
0.13 
0.14 
0.09 
0.17 
0.22 
0.18 
0.18 
0.15 
0.19 
0.14 
0.13 
0.17 
0.18 
0.17 
0.21 
0.19 
0.13 
0.16 
0.14 
0.16 
0.21 
0.13 
0.13 
0.22 
0.25 

– 
0.22 

– 
0.16 
0.26 
0.23 
0.20 
0.22 
0.21 

– 
0.25 
0.11 

– 
0.27 
0.10 
0.13 
0.24 

– 
– 

0.27 
0.13 
0.10 
0.20 
0.17 
0.25 
0.26 
0.14 
0.19 
0.14 

– 
0.13 
0.25 

– 
0.20 
0.18 
0.19 
0.23 
0.17 
0.16 
0.25 
0.21 
0.24 

O
R

P

mV 
-172.8 
-136.8 
-89.4 
-85.3 
-102.6 
-51.7 
-43.4 
19.0 
-26.2 
-45.4 
-49.7 
-70.8 
-63.4 
-60.5 
-106.1 
-210.2 
-244.7 
-304.6 
-244.8 
-218.5 
-212.2 
-172.1 
-205.6 
-196.7 
-152.2 
-172.0 
-184.5 

– 
-173.1 

– 
-196.0 
-157.1 
-181.9 
-171.6 
-175.9 
-167.7 

– 
-125.9 
-155.8 

– 
-110.1 
-174.0 
-169.9 
-128.2 

– 
– 

-257.7 
-196.5 
-153.9 
-150.9 
-213.3 
-223.3 
-126.6 
-205.4 
-181.7 
-167.0 

– 
-182.6 
-161.7 

– 
-180.4 
-315.1 
-141.9 
-149.5 
-135.0 
-60.0 
-89.6 
-102.5 
-67.5 

C
lO

4a

mg/L 
0.06 
0.07 
0.07 
0.06 
0.06 
0.06 
0.07 
0.09 
0.08 
0.06 
0.06 
0.07 
0.06 
0.06 
0.05 
0.06 
0.09 
0.13 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 

– 
0.07 

– 
– 

0.08 
0.08 
0.07 
0.07 
0.07 

– 
0.06 
0.07 

– 
0.07 
0.07 
0.07 
0.07 

– 
– 

0.12 
– 

0.06 
0.06 
0.07 
0.08 
0.07 
0.07 
0.06 
0.05 

– 
0.06 
0.07 

– 
0.06 
0.12 
0.07 
0.08 
0.06 
0.05 
0.05 
0.05 
0.05 

Su
lfi

de
b

µg/L 
− 
8 
− 
− 
6 
− 
0 
− 
0 
− 
2 
− 
− 
9 
− 
6 
− 
− 
15 
− 
10 
− 
− 
0 
− 
0 
− 
– 
0 
– 
– 
– 
7 
– 
– 
8 
– 
2 
– 
– 
6 
– 
5 
– 
– 
– 
– 
– 

13 
– 
11 
– 
5 
– 

78 
– 

55 
– 
– 

93 
– 
12 
– 
– 
16 
– 
0 
– 

N
itr

at
e-

N

mg/L 
0.6 
0.8 
0.5 
0.4 
0.5 
0.5 
0.7 
0.7 
0.3 
0.7 
0.7 
0.6 
0.4 
0.8 
0.3 
0.7 
0.6 
0.9 
0.4 
0.5 
0.4 
0.5 
0.4 
0.4 
0.4 

0.05 
0.03 

– 
0.04 

– 
– 

0.1 
0.4 
0.6 
0.8 
0.4 
– 

0.6 
0.3 
– 

0.5 
0.4 
0.4 
0.5 
– 
– 
– 
– 

0.7 
0.5 
0.6 
0.7 
0.6 
0.6 
0.1 
0.4 
– 

0.5 
0.4 
– 

0.2 
1.9 
0.8 
0.5 
0.7 
0.5 
0.6 
0.5 
0.5 

N
itr

ite
-N

mg/L 
− 

0.004 
− 
− 

0.003 
− 

0.003 
− 

0.002 
− 

0.003 
− 
− 

0.004 
− 

0.003 
− 
− 

0.003 
− 

0.003 
− 
− 

0.004 
− 

0.003 
− 
– 

0.003 
– 
– 
– 

0.003 
– 
– 

0.002 
– 

0.003 
– 
– 

0.003 
– 

0.004 
– 
– 
– 
– 
– 

0.005 
– 

0.004 
– 

0.005 
– 
– 

0.003 
– 

0.003 
– 
– 

0.003 
– 

0.004 
– 
– 

0.005 
– 

0.002 
– 

Su
lfa

te

mg/L 
− 
44 
− 
− 
40 
− 
47 
− 
40 
− 
41 
− 
− 
39 
− 
42 
− 
− 
46 
− 
41 
− 
− 
40 
− 
39 
− 
– 

40 
– 
– 
– 

45 
– 
– 

42 
– 

42 
– 
– 

47 
– 

46 
– 
– 
– 
– 
– 

52 
– 

46 
– 

44 
– 
– 

40 
– 

41 
– 
– 

45 
– 

40 
– 
– 

40 
– 

39 
– 

A
m

m
on

ia
-N

mg/L 
− 
− 
− 
− 

0.8 
− 

1.7 
− 

0.7 
− 

0.8 
− 

1.3 
0.7 
− 

0.2 
− 

0.6 
0.8 
− 

0.8 
− 
− 

0.8 
− 

0.8 
− 
– 

0.8 
– 
– 
– 

0.6 
– 
– 

0.8 
– 

0.7 
– 
– 

1.1 
– 

0.9 
– 
– 
– 
– 
– 

0.7 
– 

0.4 
– 

0.4 
– 
– 

1.1 
– 

0.4 
– 
– 

0.6 
– 

1.7 
– 
– 

0.6 
– 

0.6 
– 

PO
4 c

mg/L 
− 

1.8 
− 

1.32 
1.28 
− 

2.02 
− 

0.95 
1.11 
1.1 
1.49 
1.52 
1.47 
− 

1.54 
− 
− 

1.41 
− 

1.35 
− 

1.55 
1.5 
− 

1.53 
− 
– 

1.56 
– 
– 
– 

1.47 
– 
– 

1.82 
– 

1.7 
– 
– 

1.6 
– 

1.48 
– 
– 
– 
– 
– 
– 
– 
– 
– 

2.7 
– 

1.75 
1.75 

– 
0.65 

– 
– 

1.56 
– 

2.33 
– 
– 

1.39 
– 

1.27 
– 

Fi
lte

re
d 

TO
C

 

mg/L 
− 

3.1 
− 
− 
− 
− 
− 
− 

3.9 
− 

4.5 
− 
− 

4.6 
− 

4.2 
− 
− 

4.3 
− 

4.4 
− 
− 

4.5 
− 

4.6 
− 
− 
− 
− 
− 
− 

4.4 
− 
− 

4.9 
− 
5 
− 
− 
− 
− 
− 
− 
− 
− 
− 
− 
− 
− 

4.1 
− 

4.3 
− 
− 

4.6 
− 
− 
− 
− 

4.5 
− 
− 
− 
− 

3.8 
− 
− 
− 
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Table A-2. OU-1 On Site Water Quality Log Sheet FBR Effluent 
D

at
e

d/m/y 
12-Jun-06 
13-Jun-06 
14-Jun-06 
15-Jun-06 
16-Jun-06 
19-Jun-06 
20-Jun-06 
21-Jun-06 
22-Jun-06 
22-Jun-06 
26-Jun-06 
27-Jun-06 
28-Jun-06 
29-Jun-06 
30-Jun-06 
3-Jul-06 
4-Jul-06 
5-Jul-06 
6-Jul-06 
7-Jul-06 
10-Jul-06 
11-Jul-06 
12-Jul-06 
13-Jul-06 
14-Jul-06 
17-Jul-06 
18-Jul-06 
19-Jul-06 
20-Jul-06 
21-Jul-06 
24-Jul-06 
25-Jul-06 
26-Jul-06 
27-Jul-06 
28-Jul-06 
31-Jul-06 
1-Aug-06 
2-Aug-06 
3-Aug-06 
4-Aug-06 
7-Aug-06 
8-Aug-06 
9-Aug-06 
10-Aug-06 
11-Aug-06 
14-Aug-06 
15-Aug-06 
16-Aug-06 
17-Aug-06 
18-Aug-06 
21-Aug-06 
22-Aug-06 
23-Aug-06 
24-Aug-06 

Ti
m

e

– 
1300 
1730 
1200 
1130 
1400 
1200 
1200 
1230 
1400 
1315 
1400 
1330 
1220 
1400 
1200 

– 
1500 
1350 
1230 
1400 
1235 
1240 
1030 
1100 
1450 
1340 
1130 
1445 
1100 
1645 
1200 
1730 
1000 
1300 
1130 
1035 
1120 
1000 
1630 
1700 
1350 
1320 
1330 
1340 
1125 
1140 
1020 
1230 
1100 
1600 
1530 
1130 
1030 

PH

– 
7.1 
7.2 
7.2 
7.1 
7.2 
7.2 
7.2 
7.1 
7.1 
7.2 
7.2 
7.2 
7.1 
7.2 
7.2 
– 

7.0 
7.8 
7.5 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.1 
7.2 
7.2 
7.2 
7.2 
7.1 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 

Te
m

pe
ra

tu
re

°C 
– 

21.3 
21.1 
21.7 
21.8 
21.4 
21.2 
21.1 
21.4 
21.6 
21.4 
21.2 
21.8 
21.9 
21.8 
21.8 

– 
21.8 
22.6 
20.9 
22.3 
22.2 
22.3 
21.6 
21.8 
22.8 
22.3 
22.1 
22.4 
22.2 
23.3 
23.3 
22.6 
22.5 
22.6 
21.1 
21.0 
21.3 
21.0 
21.5 
22.3 
22.4 
23.0 
23.3 
23.3 
21.5 
21.5 
21.0 
21.4 
21.5 
22.9 
23.7 
22.2 
22.3 

C
on

du
ct

iv
ity

µS/cm 
– 

531 
530 
530 
534 
534 
533 
535 
530 
529 
531 
533 
532 
536 
535 
532 

– 
545 
573 
542 
533 
532 
538 
535 
534 
539 
539 
539 
543 
542 
536 
536 
535 
535 
549 
542 
543 
543 
536 
536 
541 
543 
540 
541 
541 
537 
536 
537 
537 
537 
539 
538 
538 
538 

D
O

mg/L 
0.17 
0.28 
0.19 
0.33 
0.26 
0.27 
0.18 
0.31 
0.25 
0.24 
1.19 
0.28 
3.84 
0.00 
0.00 
0.00 

– 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 
0.00 
0.28 
0.98 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

O
R

P

mV 
-89.3 
-90.3 
-103.7 
-101.2 
-118.2 
-98.2 
-131.8 
-66.9 
-114.5 
-134.9 
-176.0 
-129.0 
-144.4 
-124.9 
-131.9 
-145.1 

– 
-250.3 
-119.1 
-145.1 
-178.0 
-137.9 
-131.0 
-98.5 
-120.0 
-123.9 
-117.9 
-140.5 
-100.1 
-110.1 
-133.3 
-140.1 
-152.6 
-130.1 
-230.3 
-228.2 
-217.2 
-203.4 
-261.4 
-262.2 
-262.4 
-197.3 
-203.4 
-168.9 
-175.5 
-154.7 
-174.6 
-126.1 
-176.7 
-121.1 
-168.2 
-188.0 
-173.8 
-168.2 

C
lO

4a

mg/L 
– 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.05 
0.05 
0.05 
0.06 
0.05 

– 
0.06 
0.07 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05 
0.06 
0.06 
0.06 
0.05 
0.05 
0.06 
0.06 
0.06 
0.06 
0.09 
0.08 
0.07 
0.07 
0.11 
0.10 
0.09 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.05 
0.05 

Su
lfi

de
b

µg/L 
– 
1 
– 
0 
– 
– 
4 
– 
5 
– 
– 
6 
– 
4 
– 
– 
– 
– 
7 
– 
– 
0 
– 
0 
– 
– 
0 
– 
8 
– 
– 
6 
– 
8 
– 
– 
8 
– 

430 
– 
– 
10 
– 
6 
– 
– 
9 
– 
6 
– 
– 
7 
– 
6 

N
itr

at
e-

N

mg/L 
– 

0.9 
0.8 
0.7 
0.8 
0.8 
0.4 
0.5 
0.5 
0.4 
0.5 
0.4 
0.5 
0.5 
0.5 
0.5 
– 

0.5 
0.8 
0.9 
0.3 
0.2 
0.2 
0.2 
0.3 
0.5 
0.6 
0.8 
0.7 
0.7 
0.3 
0.2 
0.3 
0.3 
0.1 
0.8 
0.7 
0.7 
1 
– 

0.7 
0.7 
0.6 
0.6 
0.6 
0.09 
0.04 
0.05 
0.05 
0.06 
0.4 
0.3 
0.5 
0.4 

N
itr

ite
-N

mg/L 
– 

0.005 
– 

0.003 
– 
– 

0.001 
– 

0.003 
– 
– 

0.004 
– 

0.003 
– 
– 
– 
– 

0.005 
– 
– 

0.003 
– 

0.003 
– 
– 

0.002 
– 

0.004 
– 
– 

0.003 
– 

0.002 
– 
– 

0.003 
– 

0.004 
– 
– 

0.005 
– 

0.004 
– 
– 

0.004 
– 

0.003 
– 
– 

0.003 
– 

0.004 

Su
lfa

te

mg/L 
– 

42 
– 

40 
– 
– 

45 
– 

43 
– 
– 

38 
– 

39 
– 
– 
– 
– 

47 
– 
– 

41 
– 

40 
– 
– 

40 
– 

38 
– 
– 

40 
– 

39 
– 
– 

43 
– 

35 
– 
– 

47 
– 

45 
– 
– 

37 
– 

39 
– 
– 

41 
– 

40 

A
m

m
on

ia
-N

mg/L 
– 

0.5 
– 

0.4 
– 
– 

0.7 
– 

0.6 
– 
– 

0.4 
– 

0.4 
– 
– 
– 
– 

1.5 
0.6 
– 

0.4 
– 

0.4 
– 
– 

0.4 
– 

0.5 
– 
– 

0.4 
– 

0.41 
– 
– 

0.3 
– 

0.7 
– 
– 

0.4 
– 

0.4 
– 
– 

0.5 
– 

0.5 
– 
– 

0.3 
– 

0.3 

PO
4 c

mg/L 
– 

1.22 
– 

1.2 
– 
– 

1.04 
– 

1.06 
– 

1.05 
1 
– 
1 
– 
– 
– 
– 

1.35 
1.08 

– 
0.9 
– 

0.96 
– 
– 

0.96 
– 

1.21 
– 
– 

0.94 
– 

0.96 
– 
– 

0.89 
– 

0.92 
– 
– 

0.91 
– 

0.93 
– 
– 

1.01 
– 

0.98 
– 
– 

1.08 
– 

1.06 

Fi
lte

re
d 

TO
C

 

mg/L 
− 

3.9 
− 

3.8 
− 
− 

4.1 
− 

3.9 
− 
− 

4.3 
− 

4.3 
− 
− 
− 
− 

4.4 
− 
− 
4 
− 

4.2 
− 
− 

4.1 
− 

4.6 
− 
− 

4.7 
− 

4.8 
− 
− 

4.4 
− 

3.6 
− 
− 

3.2 
− 

3.1 
− 
− 

4.4 
− 

4.2 
− 
− 

4.5 
− 

4.4 
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Attachment B 
Laboratory Analytical Results 



Table B-1. Laboratory Analytical Data OU-1 Treatment System - March 2006 
Sampling Date 3/3/2006 3/8/2006 3/17/2006 3/22/2006 4/30/2006 

Sample Locations 

EW
-1

 

EW
-2

 

G
A

C
IN

G
A

C
M

ID
 

FB
R

 In
le

t 

FB
R

 O
ut

le
t 

TR
IM

IT
E 

IN
LE

T 

TR
IM

IT
E 

O
U

TL
E T

 

EW
-1

 

EW
-2

 

G
A

C
IN

 

G
A

C
M

ID
 

FB
R

 In
le

t 

FB
R

 O
ut

le
t 

EW
-1

 

EW
-2

 

G
A

C
IN

 

G
A

C
M

ID
 

FB
R

 In
le

t 

FB
R

 O
ut

le
t 

EW
-1

 

EW
-2

 

G
A

C
IN

 

G
A

C
M

ID
 

FB
R

 In
le

t 

FB
R

 O
ut

le
t 

EW
-1

 

EW
-2

 

G
A

C
IN

 

G
A

C
M

ID
 

FB
R

 In
le

t 

FB
R

 O
ut

le
t 

Tr
im

ite
 In

 

Tr
im

ite
 O

ut
 

Parameter Unit 

Conductivity µS/cm 510 540 522 – 520 540 – – 500 530 510 – 520 520 530 540 520 – 520 530 510 560 530 – 520 – 500 530 530 – 530 520 – – 

Perchlorate µg/L 266 567 428 – 415 <2.00 – – 281 555 435 – 428 <2.00 269 529 394 – 389 <2.00 246 532 394 – 403 – 235 515 391 – 385 <2.00 – – 

Nitrite mg/L <.25 <.25 <.25 – <.25 <.25 – – <.25 <.25 <.25 – <.25 <.25 <.25 <.25 <.25 – <.25 <.25 <.25 <.25 <.25 – <.25 <.25 <.25 <.25 <.25 – <.25 <.25 – – 

Nitrate mg/L 2.2 3.4 2.9 – 2.5 <.25 – – 2.2 3.4 2.9 – 2.6 <.25 2.3 3.4 2.8 – 2.6 <.25 2.0 3.1 2.6 – 2.4 <.25 2.0 3.2 2.6 – 2.4 <.25 – – 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L 42 45 45 – 45 45 – – 47 42 44 – 45 43 48 42 45 – 45 45 49 43 46 – 45 45 48 43 46 – 46 46 – – 

Chlorate mg/L <0.5 <0.5 <0.5 – <0.5 <0.5 – – <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 – – 

Chloride mg/L – –  –  –  –  –  –  –  29  32  31  –  31  31  30  33  32  –  32  32  28  32  30  –  30  30  28 32 31 – 30 30 – – 

Sulfide mg/L – – – – <.10 <.10 – – – – – – <.10 <.10 – – – – <.10 <.10 – – – – <.10 <.10 – – – – <.10 <.10 – – 

TOC mg/L – –  –  –  –  8.8  –  –  –  –  –  –  –  1.4  –  –  –  –  <1.0 – – – – – 1 – – – – – <1.0 – – 

TKN mg/L – – – – 0.49 1.90 – – – – – – 0.30 2.20 – – – – 3.10 2.30 – – – – 1.40 2.00 – – – – 0.26 2.00 – – 

Phosphorus mg/L 0.28 0.24 0.25 – 0.26 0.41 – – 0.19 0.17 0.14 – 0.27 0.65 0.17 <.10 0.17 – 0.26 0.57 0.15 0.14 0.15 – 0.23 0.52 0.11 0.15 <.10 – 0.17 – – – 

Alkalinity mg/L – – 180 – 190 – 190 180 –  –  –  –  170  –  –  –  –  –  180  –  –  –  –  –  170  –  – – 170 – 170 – 190 190 

TDS mg/L – – 320 – 310 320 330 310 –  –  –  –  310  –  –  –  –  –  320  –  –  –  –  –  310  –  – – 300 – 310 – 310 310 

TSS mg/L – – <2.5 – <2.5 – 8.0 <2.5 – – – – <2.5 –  –  –  –  –  2.8  –  –  –  –  –  <2.5 – – – <2.5 – <2.5 – 8.0 <2.5 

Turbidity NTU – – <.10 – 0.30 – 0.50 <.10 – – – – 0.27 – – – – – 0.19 – – – – – 0.16 – – – <.10 – 0.23 – <.10 <.10 

BOD mg/L – – <3.0 – – – – <3.0 – – – – – – – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – <5.0 – – – – <5.0 – – – – – – – – – – – – – – – – – – – – <5.0 – – – – 8 

1,1-Dichloroethene µg/L <1.0 <1.0 <1.0 <1.0 <1.0 – – – <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.1 <1.0 <1.0 <1.0 <1.0 <1.0 1.1 <1.0 <1.0 <1.0 – <1.0 1.2 <1.0 <1.0 <1.0 – – – 

Chloroform µg/L <1.0 2.9 2.0 1.9 <1.0 – – – <1.0 3.0 1.9 2.0 <1.0 <1.0 <1.0 3.1 2.0 2.2 <1.0 <1.0 <1.0 3.2 2.1 2.4 <1.0 – <1.0 3.3 2.1 2.6 <1.0 – – – 

Carbon Tetrachloride µg/L <1.0 18.0 11.0 <1.0 <1.0 – – – <1.0 19.0 10.0 1 <1.0 <1.0 <1.0 18 10 1.4 <1.0 <1.0 <1.0 20 11 1.9 <1.0 – <1.0 20 11 2.5 <1.0 – – – 

Trichloroethene µg/L <1.0 3.1 1.9 <1.0 <1.0 – – – <1.0 3.3 1.9 <1.0 <1.0 <1.0 <1.0 3.1 1.8 <1.0 <1.0 <1.0 <1.0 3.1 1.7 <1.0 <1.0 – <1.0 3.0 1.8 <1.0 <1.0 – – – 

Tetrachloroethene µg/L <1.0 2.1 1.4 <1.0 <1.0 – – – <1.0 2.2 1.4 <1.0 <1.0 <1.0 <1.0 2.0 1.3 <1.0 <1.0 <1.0 <1.0 2.0 1.3 <1.0 <1.0 – <1.0 1.8 1.1 <1.0 <1.0 – – – 

Total VOC's µg/L 0.0 26.1 16.3 1.9 0.0 – 0.0 0.0 0.0 27.5 15.2 3.0 0.0 0.0 0.0 27.3 15.1 3.6 0.0 0.0 0.0 29.4 16.1 4.3 0.0 – 0.0 29.3 16.0 5.1 0.0 – – – 

1,4-Dioxane µg/L <3.0 <3.0 <3.0 <3.0 <3.0 – – – – – – – – – <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – – – 



Table B-2. Laboratory Analytical Data OU-1 Treatment System - April 2006 
Sampling Date 4/7/2006 4/21/2006 4/25/2006 

Sample Locations 

EW
-1

EW
-2

G
A

C
IN

G
A

C
M

ID

FB
R

 In
le

t

FB
R

 O
ut

le
t

EW
-1

EW
-2

G
A

C
IN

G
A

C
M

ID

FB
R

 In
le

t

FB
R

 O
ut

le
t 

EW
-1

EW
-2

G
A

C
IN

G
A

C
M

ID
 

FB
R

 In
le

t

FB
R

 O
ut

le
t 

TF
 IN

TF
 O

U
T 

Parameter Unit 

Conductivity µS/cm 510 540 530 – 530 – 520 540 530 – 530 530 530 540 520 – 530 530 – – 

Perchlorate µg/L 241 560 399 – 412 – 210 539 377 – 387 <2.0 209 540 383 – 361 <2.0 – – 

Nitrite mg/L <.25 <.25 <.25 – <.25 <.25 <0.25 <0.25 <0.25 – <0.25 <0.25 <0.25 <0.25 <0.25 – <0.25 <0.25 – – 

Nitrate mg/L 2.0 3.1 2.7 – 2.3 <.25 2.0 3.2 2.6 – 2.4 <0.25 2.0 3.2 2.7 – 2.4 <0.25 – – 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L 48 43 46 – 46 46 48 45 46 – 46 46 51 44 46 – 46 46 – – 

Chlorate mg/L <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 – – 

Chloride mg/L 28 32 30 – 30 31 28 31 30 – 30 30 28 31 30 – 30 30 – – 

Sulfide mg/L – – – – <.10 <.10 – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – 

TOC mg/L – – – – – <1.0 – – – – – 1.9 – – –  –  –  1.4  –  –  

TKN mg/L – – – – <.25 1.20 – – – – 0.41 1.60 – – – – 0.47 2.50 – – 

Phosphorus mg/L 0.14 0.13 0.17 – 0.23 0.60 0.12 0.22 0.16 – 0.26 0.58 <0.10 0.13 <0.10 – 0.36 0.59 – – 

Alkalinity mg/L – – – – 180 – – – – – 160 – – – 160 – 160 – 170 160 

TDS mg/L – – – – 320 – – – – – 320 – – – 320 – 310 – 310 310 

TSS mg/L – – – – <2.5 – – – – – <2.5 – – – <2.5 – <2.5 – 4.0 <2.5 

Turbidity NTU – – – – 0.24 – – – – – 0.26 – – – 0.22 – 0.21 – – 0.78 

BOD mg/L – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – – – – – – – – – – – – – <5.0 – – – – <5.0 

1,1-Dichloroethene µg/L <1.0 1.1 <1.0 <1.0 <1.0 – <1.0 <1.0 <1.0 <1.0 <1.0 – <1.0 <1.0 <1.0 <1.0 <1.0 – – – 

Chloroform µg/L <1.0 3.5 2.0 2.5 <1.0 – <1.0 2.9 1.8 2.4 <1.0 – <1.0 3.2 2.0 2.4 <1.0 – – – 

Carbon Tetrachloride µg/L <1.0 25.0 11.0 3.1 <1.0 – <1.0 21.0 12.0 4 <1.0 – <1.0 19 11 3.7 <1.0 – – – 

Trichloroethene µg/L <1.0 3.9 2.0 <1.0 <1.0 – <1.0 3.6 2.1 <1.0 <1.0 – <1.0 3.6 2.1 <1.0 <1.0 – – – 

Tetrachloroethene µg/L <1.0 2.4 1.3 <1.0 <1.0 – <1.0 1.9 1.3 <1.0 <1.0 – <1.0 2.1 1.2 <1.0 <1.0 – – – 

Total VOC's µg/L 0.0 35.9 16.3 5.6 0.0 – 0.0 29.4 17.2 6.6 0.0 – 0.0 27.9 16.3 6.1 0.0 – – – 

Toluene µg/L <1.0 <1.0 <1.0 <1.0 <1.0 – <1.0 <1.0 <1.0 <1.0 0.68 – <1.0 <1.0 <1.0 <1.0 <1.0 – – – 

1,4-Dioxane µg/L <3.0 <3.0 <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – – – 



Table B-3. Laboratory Analytical Data OU-1 Treatment System - May 2006 
Sampling Date 5/12/2006 5/19/2006 5/23/2006 5/31/2006 

Sample Locations 
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Parameter Unit 

Conductivity µS/cm 520 – 510 – 700 580 500 540 520 – 520 520 500 540 520 – 520 530 500 540 500 – 520 510 – – 

Perchlorate µg/L 242 – 232 – 430 <10.0 243 605 460 – 326 <2.0 231 543 384 – 361 <2.00 187 564 407 – 15.2 <2.00 – – 

Nitrite mg/L <0.25 – <0.25 – <0.25 <0.25 <0.25 <0.25 <0.25 – <0.25 <0.25 <.25 <.25 <.25 – <.25 <.25 <0.25 <0.25 <0.25 – <0.25 <0.25 – – 

Nitrate mg/L 1.9 – 1.9 – 1.8 <0.25 1.8 3.0 2.5 – 2.3 <0.25 1.9 3.1 2.3 – 2.3 <.25 1.8 3.1 2.5 – <0.25 <0.25 – – 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L 48 – 48 – 56 54 48 45 48 – 48 46 50 44 46 – 47 46 48 43 45 – 40 42 – – 

Chlorate mg/L <0.5 – <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 <0.5 <0.5 <0.5 – <0.5 <0.5 – – 

Chloride mg/L 30 – 30 – 33 31 31 35 34 – 34 33 32 36 33 – 34 33 28 32 30 – 32 32 – – 

Sulfide mg/L – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – – – 0.14 0.15 – – – – <.10 1.70 – – 

TOC mg/L – – –  –  –  1.5  –  –  –  –  1.2  –  –  –  –  –  <1.0 – – – – – – <1.0 – – 

TKN mg/L – – – – 0.35 1.70 – – – – 0.34 1.60 – – – – 0.44 1.70 – – – – 0.64 2.30 – – 

Phosphorus mg/L 0.10 – 0.11 – 72 30 <0.10 <0.10 <0.10 – 0.37 0.73 0.14 0.14 0.12 – 0.32 0.53 0.11 <0.10 0.11 – 0.50 0.79 – – 

Alkalinity mg/L – – – – 180 – –  –  –  –  170  –  –  –  –  –  160  –  –  –  160  –  180  –  180  170  

TDS mg/L – – – – 600 – –  –  –  –  310  –  –  –  –  –  310  –  –  –  320  –  320  –  300  310  

TSS mg/L – – – – <2.5 – –  –  –  –  4.0  –  –  –  –  –  5.0  –  –  –  <2.5 – 10.0 – 7 <2.5 

Turbidity NTU – – – – 0.35 – – – – – 0.26 – – – – – 1.10 – – – <0.10 – 0.37 – 4.90 <0.10 

BOD mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – – – – – – – – – – – – – – – – – – – <5.0 – – – – <5.0 

1,1-Dichloroethene µg/L <1.0 – <1.0 <1.0 <1.0 – <1.0 <1.0 <1.0 <1.0 <1.0 – <1.0 <1.0 <1.0 <1.0 <1.0 – <1.0 1.1 <1.0 <1.0 <1.0 – – – 

Chloroform µg/L <1.0 – <1.0 2.6 <1.0 – <1.0 2.7 1.7 2.6 1.1 – <1.0 2.8 1.7 2.4 1.2 – <1.0 3.0 1.8 1.3 <1.0 – – – 

Carbon Tetrachloride µg/L <1.0 – <1.0 3.7 <1.0 – <1.0 16.0 9.2 4.1 <1.0 – <1.0 17.0 9.6 4.1 <1.0 – <1.0 20.0 11.0 <1.0 <1.0 – – – 

Trichloroethene µg/L <1.0 – <1.0 <1.0 <1.0 – <1.0 3.2 1.9 <1.0 <1.0 – <1.0 3.3 1.9 <1.0 <1.0 – <1.0 3.4 20.0 <1.0 <1.0 – – – 

Tetrachloroethene µg/L <1.0 – <1.0 <1.0 <1.0 – <1.0 1.8 1.2 <1.0 <1.0 – <1.0 2.0 1.2 <1.0 <1.0 – <1.0 2.1 1.3 <1.0 <1.0 – – – 

Total VOC's µg/L 0.0 – 0.0 6.3 0.0 – 0.0 23.7 14.0 6.7 1.1 – 0.0 25.1 14.4 6.5 1.2 – 0.0 29.6 34.1 1.3 0.0 – – – 

1,4-Dioxane µg/L <3.0 – <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – <3.0 <3.0 <3.0 <3.0 <3.0 – – – 



Table B-4. Laboratory Analytical Data OU-1 Treatment System - June 2006 
Sampling Date 6/8/2006 6/16/2006 6/23/2006 6/29/2006 

Sample Locations 
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Parameter Unit 

Conductivity µS/cm – 530 530 – 530 530 – 520 510 – 520 510 – 540 540 – 540 530 – 550 540 – 540 – – 

Perchlorate µg/L – 538 509 – 2.31 <2.00 – 535 508 – 30.3 <2.00 – 461 466 – 191 <2.00 – 447 447 – 286 – – 

Nitrite mg/L – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – – 

Nitrate mg/L – 3.0 3.0 – 2.7 <0.25 – 3.2 3.1 – 2.8 <0.25 – 3.0 3.0 – 2.9 <0.25 – 2.7 2.7 – 2.4 <0.25 – – 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L – 45 46 – 47 46 – 48 48 –  49  49  –  49  48  –  48  48 – 44 44 – 45 44 – – 

Chlorate mg/L – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – – 

Chloride mg/L – 36 35 – 36 36 – 39 39 – 39 39 –  39  39  –  39 39 – 34 34 –  35  35  –  – 

Sulfide mg/L – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – 

TOC mg/L – – – – – <1.0 – – – – <1.0 – – – – – <1.0 – – – – – <1.0 – – 

TKN mg/L – – – – 0.47 1.50 – – – – 0.54 1.90 – – – – 0.52 0.64 – – – – 1.00 1.70 – – 

Phosphorus mg/L – <0.10 0.13 – 0.23 – – <0.10 0.13 – 0.24 0.42 – 0.12 0.16 – 0.25 0.36 – – 0.19 <0.10 – 0.19 0.46 – 

Alkalinity mg/L – – – – 180 – – – – – 170 – – – – – 170 – – – 180 – 190 – 190 190 

TDS mg/L – – – – 320 – – –  –  –  320  – – – – – 310 – – – 330 – 320 – 330 320 

TSS mg/L – – – – 3.0 – – – – – <2.5 – – – – – <2.5 – – – <2.5 – <2.5 – 10.0 <2.5 

Turbidity NTU – – – – 0.36 – – – – – 0.10 – – – – – <0.10 – – – <0.10 – 0.10 – 0.98 <0.10 

BOD mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – – – – – – – – – – – – – – – – – – – <5.0 – – – – <5.0 

1,1-Dichloroethene µg/L – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – – 

Chloroform µg/L – 2 2.4 1.2 <1.0 – – 2.1 2.2 1.5 <1.0 – – 2.2 2.3 <1.0 <1.0 – – 2.4 2.2 1.8 <1.0 – – – 

Carbon Tetrachloride µg/L – 15.0 16.0 <1.0 <1.0 – – 14.0 15.0 <1.0 <1.0 – – 18.0 19.0 1.7 <1.0 – – 16.0 15.0 1.6 <1.0 – – – 

Trichloroethene µg/L – 2.6 2.7 <1.0 <1.0 – – 2.4 2.5 <1.0 <1.0 – – 2.5 2.5 1.3 <1.0 – – 2.7 2.6 <1.0 <1.0 – – – 

Tetrachloroethene µg/L – 2 1.6 <1.0 <1.0 – – 1.6 1.6 <1.0 <1.0 – – 1.8 1.6 <1.0 <1.0 – – 1.7 1.7 <1.0 <1.0 – – – 

Total VOC's µg/L – 21.7 22.7 1.2 0.0 – – 20.1 21.3 1.5 0.0 – – 24.5 25.4 3.0 <1.0 – – 22.8 21.5 3.4 0.0 – – – 

1,4-Dioxane µg/L – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – – 



Table B-5. Laboratory Analytical Data OU-1 Treatment System - July 2006 
Sampling Date 7/7/2006 7/13/2006 7/19/2006 7/26/2006 

Sample Locations 
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Parameter Unit 

Conductivity µS/cm – 540 540 – 540 540 – 530 550 – 540 540 – 550 550 – 540 550 – 460 510 – 520 510 – – 

Perchlorate µg/L – 428 436 – 449 <2.0 – 414 409 – 394 <2.00 – 411 407 – 413 <2.00 – 357 373 – 443 <2.00 – – 

Nitrite mg/L – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <0.25 <0.25 – <.25 <.25 – <.25 <.25 – <.25 <.25 – <.25 <.25 – – 

Nitrate mg/L – 2.6 2.7 – 1.9 <0.25 – 2.9 2.9 – 2.5 <0.25 – 2.6 2.6 – 2.4 <.25 – 2.6 2.6 – 2.3 <.25 – – 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L – 44 44 – 44 43 – 48 48 – 49 48 – 45 45 – 45 46 –  45  45 – 45 45 – – 

Chlorate mg/L – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – – 

Chloride mg/L – 35 35 – 35 35 – 38 38 – 39 38 – 34 34 – 34 34 –  34  34  –  34 34 – – 

Sulfide mg/L – – – – <0.10 <0.10 – – – – <0.10 <0.10 – – – – <.10 <.10 – – – – <.10 <.10 – – 

TOC mg/L – – – – <1.0 – – – – – – <1.0 –  –  –  –  –  1.2  –  –  –  –  – <1.0 – – 

TKN mg/L – – – – 0.59 0.97 – – – – 0.54 0.97 – – – – 0.39 0.90 – – – – – – – – 

Phosphorus mg/L – 0.15 0.12 – 0.19 0.34 – 0.12 0.10 – 0.21 0.32 – <.10 <.10 – 0.17 0.26 – 0.16 0.18 – 0.30 0.39 – – 

Alkalinity mg/L – – – – 190 –  –  –  –  –  180  –  –  –  –  –  160  –  – – 160 – 160 – 170 180 

TDS mg/L – – – – 310 –  –  –  –  –  330  –  –  –  –  –  360  –  –  –  320 – 330 – 320 310 

TSS mg/L – – – – 6.0 –  –  –  –  –  3.0  –  –  –  –  –  3.7  –  – – 12.0 – 57.0 – 10.0 <2.5 

Turbidity NTU – – – – 0.37 – – – – – 0.33 – – – – – 0.28 – – – <.10 – <.10 – 0.78 <.10 

BOD mg/L – – – – – – – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – – – – – – – – – – – – – – – – – – – <5.0 – – – – <5.0 

1,1-Dichloroethene µg/L – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – – 

Chloroform µg/L – 2 2.4 2.0 <1.0 – – 2.5 2.4 2.2 <1.0 – – 2.4 2.5 2.2 <1.0 – – 2.0 2.0 2.0 <1.0 – – – 

Carbon Tetrachloride µg/L – 16.0 16.0 1.8 <1.0 – – 16.0 17.0 2.6 <1.0 – – 16.0 16.0 3.0 <1.0 – – 14.0 14.0 2.9 <1.0 – – – 

Trichloroethene µg/L – 2.4 2.3 <1.0 <1.0 – – 2.3 2.3 <1.0 <1.0 – – 2.4 2.4 <1.0 <1.0 – – 2.3 2.3 <1.0 <1.0 – – – 

Tetrachloroethene µg/L – 1.4 1.4 <1.0 <1.0 – – 1.4 1.4 <1.0 <1.0 – – 1.5 1.4 <1.0 <1.0 – – 1.7 1.7 <1.0 <1.0 – – – 

Total VOC's µg/L – 22.20 22.10 3.80 0.00 – – 22.20 23.10 4.80 0.00 – – 22.30 22.30 5.20 0.00 – – 20.00 20.00 4.90 0.00 – – – 

1,4-Dioxane µg/L – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – – 



Table B-6. Laboratory Analytical Data OU-1 Treatment System - August 2006 
Sampling Date 8/3/2006 8/10/2006 8/16/2006 8/23/2006 

Sample Locations 
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Parameter Unit 

Conductivity µS/cm – 530 530 – 540 530 – 530 530 – 530 530 – 510 520 – 530 520 – 530 530 – 530 530 

Perchlorate µg/L – 401 374 – 30.5 <2.00 – 388 382 – 59.2 <2.0 – 369 372 – 104 <2.0 – 372 364 – 188 <2.0 

Nitrite mg/L – <.25 <.25 – <.25 <.25 – <.25 <.25 – <.25 <.25 – <.25 <.25 – <.25 <.25 – <0.25 <0.25 – <0.25 <0.25 

Nitrate mg/L – 2.4 2.5 – 1.5 <.25 – 2.7 2.6 – 2.1 <.25 – 2.7 2.7 – 2.2 <.25 – 2.6 2.7 – 2.3 <0.25 

Bromide mg/L – – – – – – – – – – – – – – – – – – – – – – – – 

Sulfate mg/L – 42 42 – 41 41 – 46 46 – 47 46 – 45 45 – 45 44 – 48 48 – 49 48 

Chlorate mg/L – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 – <0.5 <0.5 

Chloride mg/L – 32 32 – 32 32 – 36 37 – 37 36 – 37 37 – 37 37 – 37 38 – 38 38 

Sulfide mg/L – – – – <.10 1.00 – – – – <.10 <.10 – – – – <.10 <.10 – – – – <.10 <.10 

TOC mg/L – – – – – <1.0 – – – – <1.0 – – – – – <1.0 – – – – – <1.0 

TKN mg/L – – – – <.25 0.43 – – – – <.25 0.44 – – – – 0.49 0.68 – – – – <.25 0.60 

Phosphorus mg/L – 0.11 0.12 – 0.23 0.36 – <.10 0.13 – 0.22 0.34 – <.10 0.12 – 0.20 0.34 – 0.14 0.13 – 0.23 0.40 

Alkalinity mg/L – – – – 180 –  –  –  –  –  180  –  –  –  –  –  170  –  –  –  –  –  190  –  

TDS mg/L – – – – 330 –  –  –  –  –  320  –  –  –  –  –  310  –  –  –  –  –  310  –  

TSS mg/L – – – – <2.5 – – – – – <2.5 – – – – – <2.5 – – – – – <2.5 – 

Turbidity NTU – – – – 0.21 – – – – – 0.26 – – – – – 0.27 – – – – – 0.14 – 

BOD mg/L – – – – – – – – – – – – – – – – – – – – – – – – 

COD mg/L – – – – – – – – – – – – – – – – – – – – – – – – 

1,1-Dichloroethene µg/L – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – – <1.0 <1.0 <1.0 <1.0 – 

Chloroform µg/L – 2.2 2.3 <1.0 <1.0 – – 1.9 1.8 <1.0 <1.0 – – 2.3 2.2 <1.0 <1.0 – – 2.2 2.1 <1.0 <1.0 – 

Carbon Tetrachloride µg/L – 14.0 15.0 <1.0 <1.0 – – 12.0 11.0 <1.0 <1.0 – – 15.0 15.0 <1.0 <1.0 – – 14.0 14.0 <1.0 <1.0 – 

Trichloroethene µg/L – 2.3 2.3 <1.0 <1.0 – – 2.0 1.8 <1.0 <1.0 – – 2.2 2.1 <1.0 <1.0 – – 2.1 2.0 <1.0 <1.0 – 

Tetrachloroethene µg/L – 1.5 1.5 <1.0 <1.0 – – 1.4 1.3 <1.0 <1.0 – – 1.5 1.4 <1.0 <1.0 – – 1.4 1.3 <1.0 <1.0 – 

Total VOC's µg/L – 20.00 21.10 0.00 0.00 – – 17.30 15.90 0.00 0.00 – – 21.00 20.70 0.00 0.00 – – 19.70 19.40 <1.0 <1.0 – 

1,4-Dioxane µg/L – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – – <3.0 <3.0 <3.0 <3.0 – 



Table B-7. Summary of Laboratory Analytical for Metals 
Sampling Date 3/30/2006 4/26/2006 5/31/2006 6/29/2006 7/26/2006 8/23/2006 

Sampling Location 
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Parameter Unit 

Beryllium mg/L <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 <0.0040 − − 

Magnesium mg/L 18 17 17 17 18 18 16 17 19 19 − − 

Calcium mg/L 60 56 54 56 60 56 54 56 58 59 − − 

Vanadium mg/L <0.0030 <0.0030 0.0043 <0.0030 <0.0030 <0.0030 0.0042 <0.0045 0.0046 <0.0030 − − 

Chromium mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Hexavalent Chromium mg/L 2.4 <1.0 2.7 <1.0 - - - - 2.4 <1.0 − − 

Manganese mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 0.022 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Iron mg/L <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 − − 

Cobalt mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Nickel mg/L <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 − − 

Copper mg/L <0.010 <0.010 <0.010 0.015 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 − − 

Zinc mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <.10 <0.10 <0.10 <0.10 − − 

Arsenic mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Selenium mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Molybdenum mg/L 0.0077 0.0068 0.0150 0.0078 0.0063 0.0081 0.0110 0.0097 0.0190 <0.0089 − − 

Silver mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Cadmium mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Antimony mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Barium mg/L 0.068 0.061 0.065 0.058 0.064 0.070 0.073 0.067 0.075 <0.0069 − − 

Mercury mg/L <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 − − 

Thallium mg/L 0.0046 <0.0020 0.0083 <0.0020 <0.0020 <0.0020 0.0034 0.0023 0.0067 <0.0020 − − 

Lead mg/L <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 − − 

Note: 
(a) Sample taken from FBR outlet.



Water Systems Engineering Inc. 3201 Labette Terrace  Phone: 785-242-6166 
P.O. Box 700  Fax: 785-242-9411 
Ottawa, KS 66067-0700 

WATER TREATMENT ANALYSIS AND CONTROL REPORT 


David J. Conner Date: June 1, 2006 
Battelle 
3990 Old Town Ave., Suite C-205 
San Diego, CA 92110 Lab Report #16950 

RE: Jet Propulsion Labs, Pasadena CA; Injection Well IW-1, sample dated 5/2/06 

        Complete Profile (1), P.O. #205023      

IW-1 11:05 
*(as CaCO3) mg/l 
Phenolphthalein Alkalinity* 0 
Total Alkalinity* 180 
Hydroxide Alkalinity 0 
Carbonate Alkalinity 0 
Bicarbonate Alkalinity 180 
pH Value 7.6 
Chlorides (as Cl) 41.2 
Total Dis. Solids 481 
Conductivity (micromhos) 625 
Total Hardness* 212 
Carbonate Hardness 180 
Non Carbonate Hardness 32 
Calcium* 148 
Magnesium* 64 
Sodium (as Na) 22.9 
Potassium (as K) 2.4 
Phosphate (as PO4) 
Dissolved Iron (as Fe2+) 
Suspended Iron (as Fe3+) 

0.7 
6.6 
0.1 

Iron Total (as Fe) 0.1 
Iron (resuspended) 59.5 
Copper (as Cu) 0.0 
Tannin/Lignin 0.3 
Nitrate (Nitrogen) 0.1 
Sulfate (as SO4) 49.8 
Silica (as SiO2) 31.8 
Manganese (as Mn) 0.7 
Total Organic Carbon (C) 2.4 
Saturation Index - 0.14 
Chlorine (as Cl) 0.0 
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Bacterial Analysis: 
IW-1 11:05 

200 
Positive 

Anaerobic Growth 50% 
) 133.9 M 

Bacillus cereus/thuringiensis; 
Bacillus polymyxa; 

Serratia marcescens; 

Plate Count (colonies/ml) 
Sulfate Reducing Bacteria 

ATP (cells per ml
Bacterial Identification 

Microscopic Evaluation: 

Moderate visible bacterial activity, large number of algae, minor number of protozoa, 
moderate number of crystals, heavy biofilm with moderate iron oxide, minor number of 
stalked bacteria. 

Observations: 

Chemical analyses of the sample identified low hardness, moderate alkalinity and a slightly 
elevated pH present within the well. General conditions were sufficient for the calculation of 
a slightly negative saturation index, indicating no or limited potential for carbonate mineral 
scale deposition. The water chemistry within the well appears very oxidative and would 
favor corrosion of steel or iron bearing screen and casing material. Overall, ion 
concentrations were minimal; however elevated concentrations of iron, manganese, and 
phosphate were noted. The level of resuspended iron within the well is severely elevated, 
reflecting both the total iron as well as any organically mobilized or oxidized iron 
precipitating out within the well. 

Biological analyses of the samples identified an excessive bacterial population present within 
the well. The population observed far exceeds normal population levels observed in potable 
wells, and is elevated for an environmental well. Although the presences of protozoans 
within the sample may serve to artificially inflate the ATP reading, the population identified 
still remains excessive for an active system. Anaerobic growth, as a percentage of the total 
population, was present in a high percentage indicating an advanced bacterial community 
and strong anoxic conditions within the well. Testing for sulfate reducing bacteria was 
positive. Visible bacterial activity was moderate with good plate growth noted. In addition to 
algae and heavy biofilm, the sample contained silica crystalline debris, and iron oxide as well 
as iron oxide entrained biomass.  

In addition to multiple forms of protozoans, the dominant bacterial species within the sample 
was the common slime forming bacteria Bacillus. The coliform and opportunistic pathogen 
Serratia marcescens was identified in the sample as well. The presence of this bacterium 



does not readily identify a contamination of the well or sample, however, it does serve to 
demonstrate the advanced microbial state existing within Well IW-1.  
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Interpretations: 

The water chemistry is oxidative and corrosive in nature, resulting in reduced potential for 
carbonate mineral scale and an increased potential for iron oxide accumulations. The current 
level of corrosion does not appear excessive although some degree of microbial induced 
corrosion may be present. 

The sample indicates that a mature and diverse bacterial community exists within Well IW-1. 
The strong presence of protozoans, commonly found in surface water, can indicate rapid 
recharge zones as well as surface water contamination. The significant level of anaerobic 
growth within the large population size suggests that severe flow impedance is likely 
occurring. The anaerobic bacteria require a strong anoxic zone which typically develops in 
impacted areas as well as the lower extensions of the well. 

The reduction in well yield noted is most likely resulting from the substantial biofouling 
potential identified in the analyses of the sample. The shear magnitude of bacteria, diversity, 
and common traits associated with the types of bacteria identified, suggests the well is 
experiencing biofouling of the “well proper”, gravel pack and borehole interface zone. The 
percentage of anaerobic growth observed in the casing sample further confirms that low flow 
zones have been created within the water column.  

Recommendations: 

Chemical rehabilitation, in association with mechanical agitation and a final disinfection 
treatment, is recommended to reduce the impact the severe biofouling has placed on the well. 
The well should be aggressively purged following treatment to thoroughly flush all disrupted 
debris. Furthermore, post rehabilitation monitoring is recommended to identify bacterial 
fouling potential before it reaches the current levels and can be treated more effectively.  

I would be happy to develop more detailed recommendations including chemical estimates 
and mechanical methodology, upon request. Should you have any questions regarding the 
information presented herein, please feel free to contact our office for further discussion. 

Michael Schnieders 
Hydrogeologist 



Attachment C 
Los Angeles County Sanitation District 
Industrial Wastewater Discharge Permit 




















































