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Certification  
 
This report has been prepared by SOMA Environmental Engineering, Inc. on 
behalf of Mr. Abolghassem Razi, the property owner of 3609 International 
Boulevard, Oakland, California, to comply with the Alameda County 
Environmental Health Services’ requirements for the Fourth Quarter 2005 
groundwater monitoring event. 
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1.0 Introduction 
This monitoring report has been prepared by SOMA Environmental Engineering, 
Inc. (SOMA) on behalf of Mr. Abolghassem Razi, the owner of Tony’s Express 
Auto Service, which is located at 3609 International Boulevard,at the intersection 
of 36th Avenue in Oakland, California (“the Site”), as shown in Figure 1.  
 
This report summarizes the results of the Fourth Quarter 2005 groundwater 
monitoring event conducted at the Site on October 13 and 14, 2005. This report 
includes the laboratory analytical results on the groundwater samples.   
 
A natural attenuation study was conducted during this monitoring event. The 
objective of the natural attenuation study was to evaluate whether the petroleum 
hydrocarbons found in the groundwater were biodegrading.  
 
The groundwater monitoring activities were performed in accordance with the 
general guidelines of the Regional Water Quality Control Board (RWQCB) and 
the Alameda County Environmental Health Services (ACEHS). A description of 
SOMA’s groundwater monitoring procedures is included in Appendix A. Figure 2 
shows the locations of the wells and risers.  
 
This report also describes the operation of the groundwater extraction system 
installed by SOMA in December 1999. The vapor extraction system was installed 
by SOMA in July 2000. The locations of the groundwater extraction system and 
the vapor extraction system are displayed in Figure 2.  
 
1.1 Background 
 
In July 1993, Soil Tech Engineering, removed one single-walled 10,000-gallon 
gasoline tank and one single-walled 6,000-gallon gasoline tank along with a 550-
gallon waste oil tank from the Site. Three double-walled USTs replaced these 
tanks. Currently, there is one 10,000-gallon double-walled gasoline tank and two 
6,000-gallon double-walled gasoline tanks beneath the Site. The locations of the 
USTs are shown in Figure 2.  
 
In December 1997, Western Geo-Engineers (WEGE) conducted additional 
investigations and groundwater monitoring events. The results of the 
groundwater monitoring events indicated elevated levels of petroleum 
hydrocarbons and MtBE in the groundwater. 
 
In April 1999, Mr. Razi retained SOMA to conduct groundwater monitoring, risk-
based corrective action (RBCA), a corrective action plan (CAP), as well as, soil 
and groundwater remediation at the Site. The results of the RBCA study 
indicated that the Site is a high-risk groundwater site; therefore, the soil and 
groundwater in the on and off-site areas warranted remedial actions.  
 
The source of the petroleum hydrocarbons in the groundwater was believed to 
have been the former USTs, which were used to store gasoline at the Site. The 
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results of the CAP study indicated that the installation of a French drain 
combined with a vapor extraction system would be the most cost effective 
alternative for the Site’s remediation.  
 
In late August 1999, SOMA installed a French drain and groundwater treatment 
system to prevent further migration of the chemically impacted groundwater. In 
July 2000, SOMA installed a vapor extraction system.   
 
In January 2002, Environmental Fabric removed the former product dispensers 
and installed new ones in the fuel islands.  
 
On July 25, 2003, SOMA installed an additional on-site extraction pump in the 
western French drain riser. The extraction pump was installed to create a capture 
zone in the region around the USTs and to contain off-site migration in the 
southwestern corner of the Site.  
 
On April 1, 2005, SOMA conducted a pilot test to evaluate the use of ozone 
sparging to actively remediate the groundwater at the Site. Based on the test, the 
sediment was determined to be permeable enough to allow for the operation of 
an ozone sparging system.  
 
2.0 Results 
The following sections provide the results of the field measurements and 
laboratory analyses for the October 13 and 14, 2005 groundwater monitoring 
event.  
 
2.1 Field Measurements 

 
As shown in Table 1, the depths to groundwater for the monitoring wells ranged 
from 11.32 feet in monitoring well MW-10 to 14.04 feet in monitoring well MW-6. 
The corresponding groundwater elevations ranged from 24.76 feet in well MW-12 
to 27.59 feet in well MW-5. The groundwater elevations for the center, east, and 
west risers were 24.36 feet, 26.46 feet, and 25.82 feet, respectively. 
 
Figure 3 displays the groundwater elevation contour map. The groundwater flows 
towards the French drain at an approximate gradient of 0.042 feet/feet. The 
lowest site-wide groundwater elevation was measured in the center French drain 
riser. The French drain is providing excellent hydraulic control in preventing the 
contaminants from migrating further off-site. 
 
The field notes for the physical, chemical and biodegradation parameters 
measured during this monitoring event are included in Appendix B. 
 
The more positive the redox potential of an electron acceptor, the more 
energetically favorable is the reaction utilizing that electron acceptor. The most 
energetically preferred electron acceptor for redox reactions is dissolved oxygen 
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(DO). Evaluating the distribution of electron acceptors can provide evidence of 
where and to what extent hydrocarbon biodegradation is occurring. 
 
Detectable DO concentrations ranged from 0.94 mg/L in well MW-7 to 3.72 mg/L 
in well MW-3. ORP showed negative redox potentials in wells MW-1, MW-3,  
MW-5 to MW-8, and MW-12. Oxidation of petroleum hydrocarbons could have 
occurred in these monitoring wells. Negative redox potentials indicate that 
contaminants in the groundwater are conducive to anaerobic biodegradation.   
 
Ferrous iron concentrations can be used as an indicator of anaerobic 
biodegradation. Ferrous iron concentrations ranged from 0.06 mg/L in well    
MW-2 to the equipment’s maximum allowable tolerance range of 3.30 mg/L in 
wells MW-1 and MW-3. Ferrous iron was not detected in well MW-10. Due to 
heavy sedimentation in well MW-4R, an accurate reading for ferrous iron was 
unattainable.     
 
Nitrate concentrations were below the equipment’s minimum allowable level in all 
the groundwater samples. As previously stated, accurate readings were not  
attainable for well MW-4R. High ferrous iron concentrations in combination with 
non-detectable nitrate levels are indicative of anaerobic biodegradation beneath 
the Site. 
 
The absence of sulfate in the groundwater samples may be indicative of an 
anaerobic methanogenesis process. Sulfate was below the equipment’s 
tolerance level in the groundwater samples collected from wells MW-1, MW-3, 
MW-7, MW-8, MW-10, and MW-12. Detectable sulfate concentrations ranged 
from 3 mg/L in well MW-6 to 27 mg/L in well MW-5.  
 
2.2 Laboratory Analysis 
 
Table 1 presents the results of the laboratory analyses on the groundwater 
samples collected during this monitoring event.  
 
Total petroleum hydrocarbons as gasoline (TPH-g) was detected throughout the 
Site. Detectable TPH-g concentrations ranged from 404 ug/L in well MW-5 to 
43,100 ug/L in well MW-1.  Figure 4 displays the contour map of TPH-g 
concentrations in the groundwater. As shown in Figure 4, the TPH-g 
concentration in the vicinity of the USTs, in well MW-1, was several orders of 
magnitude higher than the remaining site wells. However, TPH-g has decreased 
in well MW-1 since the previous quarter (Third Quarter 2005).   
 
In well MW-4R, toluene was below the laboratory reporting limit. In well MW-5, all 
benzene, toluene, ethylbenzene, total xylenes (BTEX) concentrations were below 
the laboratory reporting limit. In well MW-12, all BTEX concentrations were below 
the laboratory reporting limit with the exception of a trace benzene concentration. 
The highest benzene, toluene, and total xylenes concentrations were detected in 
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well MW-1 at 1,960 ug/L, 325 ug/L, and       3,080 ug/L, respectively. The highest 
ethylbenzene concentration was detected in well MW-3 at 675 ug/L.  
 
Figure 5 displays the contour map of benzene concentrations in the groundwater. 
As shown in Figure 5, the highest benzene concentration was detected in the 
vicinity of the USTs, in well MW-1. High benzene concentrations were also 
detected in well MW-6, which is in the vicinity of the vapor extraction system, and 
in well MW-3, which is near the USTs.  
 

Methyl tertiary Butyl Ether (MtBE) was below the laboratory reporting limit in 
monitoring wells MW-2, MW-4R, and MW-6. Detectable MtBE concentrations 
ranged from 0.93 ug/L in well MW-5 to 3,000 ug/L in well MW-1. Figure 6 
displays the contour map of MtBE concentrations (analyzed using EPA Method 
8260B) in the groundwater. The highest MtBE concentrations were detected in 
wells MW-1 and MW-3, which are in the vicinity of the USTs.   
 
The laboratory report and COC form for this monitoring event are included in 
Appendix C.  
 
3.0 Groundwater Treatment System Operation 
The treatment system began operating on December 9, 1999. Since that time, 
3,065,260 gallons of groundwater has been treated and discharged under the 
existing discharge permit (as of October 17, 2005), into the East Bay Municipal 
Utility District’s (EBMUD’s) sewer system.  
 
As of January 9, 2004, the previously installed pneumatic downhole pumps in the 
western and center French drain risers were removed and replaced with 
electrical downhole pumps. On May 4, 2005, to maintain accurate recordings of 
the total flow through the system, a newer totalizer meter was installed. On 
September 29, 2005, the existing 2,000-pound carbon vessel was replaced with 
a newer 2,000-pound carbon vessel. The newer vessel was refurbished with new 
carbon; the 55-gallon carbon drum was also replaced. The former 2,000-pound 
vessel had become rusted due to prolonged usage. A schematic diagram of the 
remediation system is displayed in Figure 7.  
  
Table 2 presents the total volume of treated groundwater and the groundwater 
analytical results. Table 2 shows that all of the effluent samples have remained 
below the discharge limits set forth by EBMUD. The laboratory reports for the 
groundwater treatment system during this quarter are included in Appendix D of 
this report. 
 

The treatment system has removed approximately 195.3 pounds of 
hydrocarbons and 85.2 pounds of MtBE, as of October 17, 2005.                        
Figure 8 shows the approximate masses of TPH-g and MtBE removed from the 
impacted groundwater during the operation of the treatment system.   
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4.0 Soil Vapor Extraction System Operation 
 
The soil vapor extraction (SVE) system consists of 6 vapor extraction wells, a de-
moisturizing unit, a blower, and four drums of granulated active carbon (GAC) 
filters. The vapor extraction system began operating on July 24, 2000. The SVE 
system has remained in compliance with the Bay Area Air Quality Management 
District’s (BAAQMD’s) operating permit. The operating permit for the SVE system 
was extended by BAAQMD until August 2006.  
 
On October 6, 2005, all four-vapor phase carbon drums were replaced with 
newer ones. As of October 17, 2005, approximately 776.25 pounds of petroleum 
hydrocarbons have been removed from the vadose zone beneath the Site.    
Table 3 presents the total masses of hydrocarbons removed from the Site by the 
SVE system, as well as the historical operational conditions.  
 
5.0 Conclusions and Recommendations 
The findings of the Fourth Quarter 2005 groundwater monitoring event can be 
summarized as follows: 

 
1. The groundwater remediation system is providing excellent hydraulic 

control in preventing further migration of the contaminants.  
 
2. The bio-attenuation study confirmed the occurrence of biodegradation 

beneath the Site. Based on this study, the affected areas appear to be in 
the vicinity of the USTs, around wells MW-1 and MW-3, as well as the 
eastern section of the Site, around well MW-6. The source area still 
remains in the vicinity of wells MW-1, MW-3, and MW-6.  

 
3. In general, the GAC and SVE systems have effectively reduced 

contaminants beneath the Site. As of October 17, 2005, approximately 
3,065,260 gallons of impacted groundwater have been treated and 195.3 
pounds of hydrocarbons and 85.2 pounds of MtBE have been removed 
from the groundwater. As of October 17, 2005, approximately 776.25 
pounds of petroleum hydrocarbons have removed from the vadose zone 
beneath the Site.  

 
Based on the results of this monitoring event, SOMA recommends: 
  

• Continual monitoring of the treatment system to maintain the removal 
rate of the contaminant masses in the groundwater;   

 
• Continual site monitoring of the biodegradation parameters to 

determine if the injection of concentrated solutions of terminal electron 
receptors into the groundwater, in the vicinity of the more contaminated 
wells, may enhance the biodegradation process; 
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• Continued quarterly monitoring programs to better understand the 
seasonal variations in the groundwater quality conditions; and 

 
• Based on the results from the quarterly monitoring events, the source 

area appears to remain in the vicinity of wells MW-1, MW-3, and    
MW-6. Air sparging should effectively aid in reducing the contaminant 
source area. SOMA is currently in the process of installing an air 
sparging system at the Site.  

 
6.0 Report Limitations  
This report is the summary of work done by SOMA including observations and 
descriptions of the Site’s conditions. It includes the analytical results produced by 
Pacific Analytical Laboratory as well as the summaries of data produced by 
previous environmental consultants. The number and location of the wells were 
selected to provide the required information, but may not be completely 
representative of the entire site’s conditions. All conclusions and 
recommendations are based on the results of the laboratory analysis. 
Conclusions beyond those specifically stated in this document should not be 
inferred from this report. 
 
SOMA warrants that the services provided were done in accordance with the 
generally accepted practices in the environmental engineering and consulting 
field at the time of this sampling. 
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October 2005.
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Figure 5: Contour map of Benzene concentrations in the groundwater. 
October 2005.
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Figure 6: Contour map of MtBE concentrations in the groundwater. 
(EPA Method 8260B). October 2005.
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Figure 7: Schematic of the Groundwater Remediation System.
                3609 International Blvd., Oakland, CA
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Field Activities 
On October 13 and 14, 2005, SOMA’s field crew conducted a groundwater 
monitoring event in accordance with the procedures and guidelines of the 
RWQCB, San Francisco Bay Region. During this groundwater monitoring event a 
total of eight on-site monitoring wells (MW-1 to MW-8), two off-site monitoring 
wells (MW-10 and MW-12), and three on-site French drain risers were measured 
for depth to groundwater. Field measurements and grab groundwater samples 
were collected from all of these monitoring wells. 
 
The depth to groundwater in each monitoring well and riser was measured from 
the top of the casing to the nearest 0.01 foot using an electric sounder. The top 
of the casing elevation data and the depth to groundwater in each monitoring well 
and riser were used to calculate the groundwater elevation. 
 

Kier and Wright Civil Engineers Surveyors, Inc. surveyed the wells and risers on 
August 9, 2002. At the time of the survey, monitoring well MW-11 could not be 
accessed due to obstacles preventing the proper use of surveying equipment; 
therefore, this well was not surveyed. The top of casing elevations were based 
on the survey data measured at this time. The elevation data was based on a 
datum of 14.20 NAVD88. The new survey was conducted to comply with an 
Electronically Deliverable Format (EDF) request made by the State Water 
Resources Control Board (SWRCB) Database.  
 
Harrington Surveys, Inc. surveyed the newly installed well MW-4R on               
April 20, 2005. The elevation data for well MW-4R was referenced from wells 
MW-5 and MW-7. The survey data measured by Kier and Wright and Harrington 
Surveys are both presented in Appendix B. 
 
Prior to collecting samples, each well was purged using a battery operated 2-inch 
diameter pump (Model ES-60 DC). During the purging activities, in order to 
obtain accurate measurements of groundwater parameters and especially to 
avoid the intrusion of oxygen from ambient air into the groundwater samples, 
field measurements were conducted in-situ (i.e., down-hole inside each 
monitoring well). The groundwater parameters such as DO, pH, temperature, EC, 
turbidity, and the ORP were measured in-situ using a Horiba, Model U-22 multi-
parameter instrument. The equipment was calibrated at the Site using standard 
solutions and procedures provided by the manufacturer. 
 
The pH of groundwater has an effect on the activity of microbial populations in 
the groundwater. The groundwater temperature affects the metabolic activity of 
bacteria. The groundwater conductivity (EC) is directly related to the 
concentration of ions in solution. 
 
There is a strong correlation between the turbidity level and the biological oxygen 
demand of natural water bodies. The main purpose for checking the turbidity 
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level is to provide a general overview of the extent of the suspended solids in the 
groundwater. 
 

ORP (oxidation reduction potential) is the measure of the potential for an 
oxidation or reduction process to occur. In the oxidation process a molecule or 
ion loses one or several electrons. In the reduction process a molecule or ion 
gains one or several electrons. The unit of the redox potential is the Volt or m-
Volt. The most important redox reaction in petroleum-contaminated groundwater 
is the oxidation of petroleum hydrocarbons in the presence of bacteria and free 
molecular oxygen. Because the solubility of O2 in water is low (9 mg/L at 25 oC 
and 11 mg/L at 5 oC), and because the rate of O2 replenishment in subsurface 
environments is limited, DO can be entirely consumed, when the oxidation of 
only a small amount of petroleum hydrocarbons occurs. 
 
Oxidation of petroleum hydrocarbons can still occur, when all the dissolved O2 in 
the groundwater is consumed, however, the oxidizing agents (i.e., the 
constituents that undergo reduction) now become NO-

3, MnO2, Fe (OH)3, SO4
2- 

and others (Freeze and Cherry, 1979). As these oxidizing agents are consumed, 
the groundwater environment becomes more and more reduced. If the process 
proceeds far enough, the environment may become so strongly reduced that the 
petroleum hydrocarbons may undergo anaerobic degradation, resulting in the 
production of methane and carbon dioxide. The concept of oxidation and 
reduction in terms of changes in oxidation states is illustrated below.   
 

   Oxidation 

(Eh, mV) 

 

-40     20       0        20      40 

                                                     Reduction 

 
The purging of the wells continued until the parameters for DO, pH, temperature, 
EC, turbidity, and redox stabilized or three casing volumes were purged.  
 
Once stabilization occurred, the groundwater samples were also tested on-site 
for ferrous iron (Fe+2), nitrate (NO3

-), and sulfate (SO4
-2) concentrations. 

 
Fe+2, NO3

-, and SO4
-2 were measured colorimetrically using the Hach Colorimeter 

Model 890. The Hach Model 890 Colorimeter is a microprocessor-controlled 
photometer suitable for colorimetric testing in the laboratory or the field. The 
required reagents for each specific test are provided in AccuVac ampuls.  
 
Detailed field measurements are shown in Appendix B. 
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For sampling purposes, after purging, a disposable polyethylene bailer was used 
to collect sufficient samples from each monitoring well for laboratory analyses. 
The groundwater sample was transferred into four 40-mL VOA vials and 
preserved with hydrochloric acid. The vials were then sealed to prevent 
development of air bubbles within the headspace. After the groundwater samples 
were collected, they were placed on ice and maintained at 4°C in a cooler. A 
chain of custody (COC) form was written and placed along with the samples in 
the cooler. On October 14, 2005, SOMA’s field crew delivered the groundwater 
samples to Pacific Analytical Laboratory in Alameda, California. 
 

Laboratory Analysis 
 
Pacific Analytical Laboratory, a state certified laboratory, analyzed the 
groundwater samples for TPH-g, BTEX and MtBE. TPH-g, BTEX, and MtBE was 
prepared using EPA Method 5030B and measured using EPA Method 8260B. 
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Appendix B 

Table of Elevations & Coordinates on Monitoring Wells 
Surveyed by Kier Wright Civil Engineers Surveyors, Inc.  

& Harrington Surveys, Inc., 
and 

Field Measurements of Physical, Chemical, and 
Biodegradation Parameters of Groundwater 
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Appendix C 

 

Chain of Custody Form and Laboratory Report  

for the  

Fourth Quarter 2005 Monitoring Event 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



























 
SOMA Environmental Engineering, Inc. 

  

 
Appendix D 

Chain of Custody Forms and Laboratory Reports 

for the 

Groundwater Extraction Treatment System 
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