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1.0 INTRODUCTION 
 
At the request of the Strough Family Trust of 1983, LRM Consulting, Inc. (LRM) prepared 
this Fourth Quarter 2012 Groundwater Monitoring Report for the former Val Strough 
Chevrolet located in Oakland, California.  This report documents the procedures and findings 
of the December 14 2012 groundwater monitoring event reflecting water level and/or quality 
reporting for eleven onsite wells per the existing Alameda County Health Care Services 
Agency (ACHCSA)-approved monitoring program for the site.   
 
The scope of groundwater monitoring for this quarter corresponded to the ACHCSA-
approved program, which for this quarter corresponds to gauging and sampling from all 
eleven site wells (MW1, MW2, MW3, MW4, MW6, MW6, MW7, MW8, MW9A, MW9B, 
and O1).    Groundwater monitoring data and well construction details are shown on the 
figures and presented in the tables.  Field data and laboratory analytical results are provided in 
the appendices.   

1.1 General Site Information 
 
Site name: Former Val Strough Chevrolet 
Site address: 327 34th Street, Oakland, California 
Current property owner: Strough Family Trust of 1983 
Current site use: Automotive Dealership and Service Center 
Current phase of project: Groundwater monitoring and evaluation of need and 

approaches for additional remediation  
Tanks at site: Two former tanks (1 gasoline, 1 waste-oil) removed in 

1993 
Number of wells: 11 (all onsite) 
Site ID #:    3035 
RO #:      0000134 

1.2 Site Contacts 
 
Consultant: Mehrdad Javaherian, Ph.D., MPH, PE, LEED®GA 
 LRM Consulting, Inc. 
 1534 Plaza Lane, # 145 
 Burlingame, CA  94010 
 (415) 706-8935 
 
Regulatory agency: Barbara Jakub, P.G. 
 Alameda County Health Services Agency 
     1131 Harbor Bay Parkway, Suite 250 
     Alameda, CA  94502-6577 
     (510) 567-6746 
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2.0 SITE BACKGROUND 

2.1 Site Description 
 
Site Location and Land Use:  The former Val Strough Chevrolet site is currently an active 
Honda automobile dealership and service center located on the southwestern corner of the 
intersection of Broadway (Auto Row) and 34th Street (Figure 1).  The property is located 
south of Interstate 580.  Land use in the area is primarily commercial.   
 
The site is situated approximately two miles east of San Francisco Bay at approximately 
61 feet above mean sea level (msl) (EDR, 2003). The land surface in the vicinity slopes 
toward the south.  The nearest surface water body is Lake Merritt, located approximately 
1 mile south of the site (Figure 1).   
 
Site Features:  The site consists of a multi-level building and an adjacent parking lot 
(Figure 2).  The former fuel dispenser and underground storage tanks (USTs) were located in 
the northwestern portion of the site.  Eleven groundwater monitoring wells are located at the 
site.  Construction details for the wells are presented in Table 1.   
 
Underground Utilities:  A box culvert for a former tributary of Glen Echo Creek is located 
approximately 17 feet below ground surface (bgs) in the eastern portion of the site (Figure 2).  
The culvert consists of a reinforced concrete box measuring 5 feet by 6 feet.  During the 
winter of 1983, a section of the culvert collapsed and was replaced with a 5-foot-diameter 
pipeline.   
 
Sanitary sewer, electrical, and natural gas utilities are generally present at depths less than 
2 feet bgs at the site.  Approximately 40 feet north of the site, along the northern edge of                        
34th Street, a storm sewer pipeline flows toward the east and into the box culvert.  Sanitary 
sewer lines run parallel to both 34th Street and Broadway, north and east of the site, 
respectively.  A lateral pipeline located along the western edge of the site connects to the 
sanitary sewer line below 34th Street.  Natural gas service is located on the east side of the 
property.  Water service appears to enter the site from the north.   
 
Water Supply Well Search:  A 2003 report compiled by EDR indicates that there are no 
federal U.S. Geological Survey wells and no public water supply wells located within a 
1-mile radius of the site.  No water supply wells were identified by the Alameda County 
Department of Public Works within a ½-mile radius of the site (ETIC, 2003).  
 

2.2 Summary of Previous Investigations and Monitoring Activities 
As presented in previous reports, the USTs were removed and multiple investigations, 
including the installation of eleven groundwater monitoring wells, were conducted.  In 
addition, a routine groundwater monitoring program has been in place since 1993.  The 
following paragraphs summarize the findings of these activities. 
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Site Hydrogeology:  In general, the site is underlain by silt and clay to depths ranging from 
approximately 15 to 20 feet bgs.  Silty sand and fine-grained sand interbedded with thin clay 
intervals are encountered from approximately 20 feet bgs to the total explored depth of 
35 feet bgs.   
 
The depth to groundwater beneath the site has ranged from approximately 12.5 to 25 feet bgs.  
As shown in the modified rose diagram on Figure 2, the direction of groundwater flow is 
generally toward the southwest to south-southeast, with average hydraulic gradients ranging 
from approximately 0.01 to 0.03 foot/foot.   
 
Primary Sources:  Two USTs (one gasoline and one waste-oil) were located beneath the 
sidewalk on the northern side of the property.  A fuel dispenser was located inside the 
building (Figure 2).  These primary sources of petroleum hydrocarbons were removed from 
the site in 1993.   
 
Constituents of Potential Concern:  Based on the type of fuel stored in the USTs and the 
results of previous subsurface investigations, the constituents of potential concern (COPCs) at 
the site include total petroleum hydrocarbons as gasoline (TPH-g), benzene, toluene, 
ethylbenzene, and total xylenes (BTEX), and methyl t-butyl ether (MTBE).  TPH as diesel 
(TPH-d) and TPH as motor oil (TPH-mo) are not routinely detected in groundwater samples 
and are considered secondary COPCs for the site.   
 
Residual Source Area:  Elevated concentrations of TPH-g, BTEX, and MTBE have been 
observed in soil in the vadose zone and upper portion of the water-bearing zone near the 
former USTs and fuel dispenser. Separate phase petroleum hydrocarbons (SPH) have been 
intermittently detected in wells MW2, MW3, and 9A, and have been subject to removal via 
hand-bailing upon detection.  The available data suggest that most of the residual petroleum 
hydrocarbon mass is present near the former USTs and fuel dispenser, herein referred to as 
the residual source area; this is corroborated by the dissolved groundwater data discussed 
below.  Additional wells installed within this residual source area include MW9A/9B and O1.   
 
Petroleum Hydrocarbon Distribution in Groundwater: The highest concentrations of 
petroleum hydrocarbons have been detected in samples collected from wells MW2, MW3, 
MW9A/9B, and O1, located immediately downgradient of the former USTs and within the 
previously defined residual source area.  Significantly lower levels of petroleum hydrocarbons 
have been detected in samples collected from well MW4 and the other site wells located 
downgradient and outside of the residual source area.  The extent of dissolved-phase 
petroleum hydrocarbons in groundwater is largely defined by relatively low and stable TPH-g, 
BTEX, and MTBE concentrations detected in downgradient and cross-gradient monitoring 
wells MW5, MW6, MW7, and MW8 (Tables 2 and 3).  
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2.3 Summary of Interim Remedial Action Activities 
In addition to the routine groundwater monitoring activities, remediation pilot testing and 
remediation activities were conducted at the site between 2004 and 2006.  A summary of 
these activities and associated regulatory correspondence with the ACHCSA are presented 
below: 
 
DPE Pilot Test:  In March 2004, ETIC Engineering, Inc. (ETIC) performed a DPE pilot test 
at the site.  As summarized in the June 2004 Dual Phase Extraction Pilot Test and Interim 
Remedial Action Plan (DPE and IRAP Report), vacuum was applied to source area wells 
MW2 and MW3 while water and vacuum levels were measured in nearby monitoring wells.  
The DPE pilot test induced more than 1 foot of drawdown up to 50 feet from the extraction 
wells and an estimated radius of vacuum influence of 55 to 70 feet.  Based on vapor flow rates 
and petroleum hydrocarbon concentrations in the vapor stream during the short-term pilot test, 
removal rates of approximately 90 pounds of petroleum hydrocarbons per day were estimated.   
 
June 2004 DPE and IRAP Report:  The DPE and interim remedial action plan (IRAP) 
Report (ETIC, 2004) described the planned reduction of residual petroleum hydrocarbon mass 
in the source area through temporary DPE system installation and operation and dual phase 
extraction from source area wells MW-2 and MW-3 to extract soil vapor and groundwater 
simultaneously.  The system was designed to consist of a knockout vessel to be used for 
separation of the soil vapor and water streams. A thermal oxidizer (with propane as a 
supplemental fuel) was proposed for treatment of extracted vapor, and aqueous-phase 
granular activated carbon was proposed for treatment of extracted groundwater.   
 
Interim Remedial Action:  Between February 2005 and June 2006, ETIC operated a DPE 
system on site.  Vacuum was applied to remove groundwater and soil vapor from up to two 
wells (MW2 and/or MW3).  The system was temporarily shutdown on 30 January 2006 for 
conversion of vapor treatment from thermal oxidation to carbon filtration, and remained 
offline until 22 May 2006, when it was restarted.  Because the mass removal rates by the DPE 
system had reached asymptotic levels and high petroleum hydrocarbon concentrations 
continued to exist in extraction wells MW2 and MW3 despite the DPE operation, the benefit 
of continuation of DPE in its current configuration was considered to be low and the DPE 
operation was ceased on 30 June 2006. ETIC subsequently dismantled the remediation system 
and removed the skid mounted DPE unit from the site. 
 
August 2006 LRM Consulting, Inc. Correspondence and 11 December 2006 LRM 
Supplemental Source Area Investigation Work Plan:  In an August 25, 2006 
correspondence, LRM notified ACHCSA of a project consultant change from ETIC to LRM.  
Also, based on a review of the available site data, the response of the hydrocarbon 
concentrations to past DPE operations, and ACHCSA’s comments on ETIC’s Work Plan, 
LRM recommended a technical meeting with ACHCSA to discuss the project direction.  
However, because of other commitments of Don Hwang and other ACHCSA staff, a technical 
meeting could not be scheduled.  During an October 19, 2006 telephone conversation with 
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Don  
 
Hwang, LRM presented an approach to conduct a supplemental investigation to define the 
magnitude and extent of the residual source area in the vicinity of the former fuel dispenser 
and wells MW2 and MW3.  Based on these discussions and as agreed by Mr. Hwang, a 
supplemental source area investigation work plan outlining the proposed scope of work was 
prepared and submitted to ACHCSA on  December 11 2006. This work plan was revised 
through multiple discussions with Donna Drogos of  ACHCSA and was finalized in 
December of 2007.  The subject investigation was conducted beginning on December 12, 
2007, the results of which were documented in a report to ACHCSA (LRM, 2008a).   
 
August 2008 –September 2010. LRM Consulting, Inc. IRAP Activities: In an August 25, 
2008 IRAP report, LRM, in response to a request by Barbara Jakub of ACHCSA, proposed a 
series of site investigation and pilot testing activities to address the residual source area at the 
site.  These activities included: 1) soil and grab groundwater sampling to vertically 
characterize the extent of hydrocarbons within the residual source area previously 
encountered during the supplemental investigation referenced above; 2) grab groundwater 
sampling along the existing culvert at the site to evaluate the potential for preferential 
migration of hydrocarbons along the culvert backfill; 3), placement of a groundwater 
monitoring well (MW-8) at the downgradient site boundary to define the downgradient extent 
of hydrocarbons; and 4) pilot testing activities including injection and observation well 
installation and pilot testing protocols for implementation of in-situ oxygen curtain (iSOC) 
technology within the residual source area.   
 
The investigation activities associated with the IRAP, including installation of additional 
monitoring wells MW9A and MW9B, were completed by July 2009.  On January 13, 2010, 
an addendum to the IRAP was prepared by LRM, reflecting a proposed change from iSOC 
technology originally outlined in the IRAP, due to hydrocarbon concentrations which were 
determined to be too elevated for treatment via iSOC technology.  Specifically, pilot testing of 
in-situ chemical oxidation (ISCO) technology was proposed for the residual source area 
instead of iSOC.  The IRAP Addendum was approved by ACHCSA in a letter dated April 22, 
2010.    
 
The IRAP pilot testing included three rounds of RegenOx injections from August 15th through 
September 13th within a depth interval of 15 to 40 feet below ground surface (bgs), per the 
approved IRAP.  All IRAP activities were reported to ACHCSA via a Technical 
Memorandum dated October 6, 2010, with post-injection groundwater monitoring results 
documented in subsequent groundwater monitoring events. To summarize, over 9,500 gallons 
of RegenOx was injected into the residual source area via 20 direct-push borings across the 
three injection events.  The table below summarizes the pre- and post-injection groundwater 
concentrations within the residual source area.  
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SPH Concentration (µg/L)  
Well Thickness Ethyl- Total DO

Number Date (feet) Benzene Toluene benzene Xylenes TPH-g (mg/L) Comment

MW2 05/28/10 0.00 260 1,100 650 4,700 23,000 2 Pre-injection event
MW2 08/26/10 0.00 160 980 490 4,200 22,000 16 Sampling following first injection event
MW2 09/20/10 0.00 52 360 210 1,600 8,800 18 Sampling following third injection event
MW2 12/22/10 0.00 130 1,100 430 6,000 26,000 1.6 Sampling two months after final (3rd) injection event
MW2 03/16/11 0.00 430 1700 490 3,700 29,000 3.5 Sampling six months after final (3rd) injection event

MW3 05/28/10 0.00 1,200 4,600 920 4,800 31,000 2 Pre-injection event
MW3 08/26/10 sheen Sampling following first injection event

MW3 09/20/10
SPH Sheen-

Removed 2,700 13,000 2,900 18,000 110,000 11.3 Sampling following third injection event
MW3 12/22/10 0.20 Sampling two months after final (3rd) injection event

MW3 03/16/11 0.00 4,000 16,000 2,800 15,000 91,000 4.2

Four weekly SPH bailing events performed from 1/6/11 to 
2/6/11.    No SPHs detected after 2/6/11.                                 
Sampling six months after final (3rd) injection event

MW9A 05/28/10 0.02 Pre-injection event
MW9A 08/26/10 0.00 2,600 19,000 3,000 22,000 150,000 10.3 Sampling following first injection event
MW9A 09/21/10 0.00 1,400 9,600 1,600 12,000 70,000 20.9 Sampling following third injection event

MW9A 12/22/10 0.00 4,400 17,000 1,900 13,000 83,000 NA Sampling two months after final (3rd) injection event
MW9A 03/16/11 0.00 4,900 22,000 2,800 20,000 130,000 1.5 Sampling six months after final (3rd) injection event

MW9B 05/28/10 0.00 31 75 150 270 2,900 2 Pre-injection event
MW9B 08/26/10 0.00 13 160 310 2,000 14,000 40 Sampling following first injection event
MW9B 09/20/10 0.00 6.7 110 140 830 6,200 26.9 Sampling following third injection event
MW9B 12/22/10 0.00 <0.5 2.6 1.1 9.9 140 5.3 Sampling two months after final (3rd) injection event
MW9B 03/16/11 0.00 22 39 47 290 3,500 4.5 Sampling six months after final (3rd) injection event

O1 05/28/10 0.00 610 2,000 1,000 4,200 21,000 1.4 Pre-injection event
O1 08/26/10 0.00 29 160 59 680 5,000 39 Sampling following first injection event
O1 09/20/10 0.00 24 140 28 330 2,000 24.7 Sampling following third injection event
O1 12/22/10 0.00 9.8 35 3.4 30 460 2.3 Sampling two months after final (3rd) injection event
O1 03/16/11 0.00 200 440 240 850 6,900 2.8 Sampling six months after final (3rd) injection event

Notes:
Data collected on 5/28/10 represents baseline sampling event and corresponds to 2nd Quarter 2010 groundwater monitoring event
Data collected on 8/26/10 represents sampling event following first round of RegenOx injection that was conducted from August 15 to 17, 2010.
Data collected on 9/20/10 represents sampling event following the third round of RegenOx injection that was conducted from September 12 to 13, 2010.

Pre- and Post-Injection Groundwater Quality Data
Former Val Strough Chevrolet Site, Oakland, CA

Not Sampled due to Free Product

Not Sampled due to Free Product

Not Sampled due to Free Product

 
 

 

 
 
 

As indicated in the above table, the following observations were made in each of the 
following wells: 
 

• MW2: ISCO injections resulted in a reduction in TPH-g concentrations from 23,000 
ug/L to 8,800 ug/L; however, within 2 to six months after the final injection event, the 
TPH-g concentrations rebounded to pre-injection concentrations. 

 
• MW3: ISCO injections appear to have resulted in induced migration of previously 

trapped SPHs near this well to flow into this well; hence, sampling of groundwater 
was limited in this well during ISCO activities.  SPHs have been bailed out of this 
well per ACHCSA request and TPH-g concentrations remain at elevated levels. 

 
• MW9A: ISCO injections resulted in a decline in TPH-g concentration from a pre-

injection concentration of 150,000 ug/L to a concentration of 70,000 ug/L.  Six  
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months following the final injection event, the TPH-g concentrations rebounded to 
pre-injection concentrations. 

 
• MW9B: TPH-g concentrations increased from 2,900 ug/L to 14,000 ug/L following 

the first injection event (likely due to dissolution of adsorbed hydrocarbons in soils), 
but declined significantly (to 140 ug/L) during the subsequent injection events.  Six 
months following termination of injection activities, the TPH-g concentration in this 
well has rebounded to pre-injection levels. 

 
• O1: TPH-g concentrations in this well declined from a pre-injection concentration of 

21,000 ug/L to 460 ug/L.  Rebounded concentrations (6,900 ug/L) remain significantly 
below the pre-injection concentration six months after the final injection event.  

 
Based on the ISCO pilot test results, it is evident that ISCO can be an effective technology in 
reducing hydrocarbon concentrations within the residual source area, including dissolution of 
concentrated hydrocarbons adsorbed to soils and reductions of dissolved TPH-g 
concentrations from 150,000 ug/L to 70,000 ug/L in a short period.  The pilot test further 
revealed the ability of this technology to increase dissolved oxygen (DO) levels in injection 
areas, creating conditions for longer-term, natural biodegradation; however, the post-pilot test 
results further indicate that a significant hydrocarbon mass, including residual SPHs, remains 
trapped in the fine-grained soils within the localized residual source area, capable of yielding 
elevated dissolved concentrations following cessation of ISCO injections.   
 
While SPHs observed during the pilot testing were bailed and remained absent during the two 
quarterly monitoring events (including the second quarter 2011 monitoring event) following 
the pilot testing, SPHs remain trapped near existing monitoring wells within the residual 
source area; this is evidenced by the results of the 4th Quarter 2011 monitoring event.  
Combined, these data suggest that a larger-scale application (i.e., compared to a pilot-scale 
application applied per the IRAP) of RegenOx is necessary to reduce and maintain lower 
levels of hydrocarbon impacts in groundwater within the residual source area; however, these 
applications may be greatly benefited by a broader effort to remove SPHs in advance of the 
ISCO injections.   
 
To this end and per  ACHCSA’s request, LRM prepared a Corrective Action Plan (CAP) 
which has been approved and finalized following completion of ACHCSA and the public 
review process.  The CAP outlines two preferred remedial alternatives to address groundwater 
and SPH impacts in the residual source area, with permitted DPE activities to address SPHs 
initiated on July 2, 2012.  Correspondingly, this round of monitoring represents the first round 
of post-DPE remediation activities.  A DPE remediation startup memorandum is under 
preparation and will be submitted to ACHCSA under separate cover. 
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3.0 PROTOCOLS FOR GROUNDWATER MONITORING 
 
The following sections of this report present information relevant to the methods employed 
during the collection of groundwater samples from site wells on December 14, 2012.  The 
scope of work for the quarterly groundwater monitoring event at the site is listed below. 
 

• Checking all wells for SPHs. 
• Gauging the depth to groundwater in all eleven site wells. 
• Purging the monitoring wells prior to sampling. 
• Collecting and analyzing groundwater samples from select onsite wells (see Table 4). 
• Estimating the hydraulic gradient and general flow direction. 
• Evaluating the data and preparing a written report summarizing the results of the 

monitoring event. 

3.1 Groundwater Gauging 
 
For this round of monitoring, groundwater gauging was performed for all eleven onsite wells. 
The monitoring wells were opened prior to gauging to allow the groundwater level to 
equilibrate with atmospheric pressure.  The depth to groundwater and depth to SPH, if 
present, were then measured to the nearest 0.01 feet using an electronic water level meter or 
optical interface probe.  The measurements were made from a fixed reference point at the top 
of the well casing. Field data forms are presented in Appendix A, indicating the absence of 
SPHs within the residual source area during this round of monitoring.    

3.2 Well Purging 
 
Following well gauging, three well casing volumes of water were purged from wells 
scheduled to be sampled, and field parameters including temperature, pH, specific 
conductance, turbidity, dissolved oxygen (DO) and oxidation-reduction potential (ORP) were 
measured; these data are summarized in Appendix A. 

3.3 Groundwater Sampling 
 
After purging, groundwater was sampled at each of the wells scheduled to be sampled using 
dedicated tubing and a WaTerra inertial pump, or a disposable bailer.  Sample containers were 
sealed, labeled, stored in a cooler and transported under chain-of-custody protocol to Kiff 
Analytical LLC (Kiff), a state-certified analytical laboratory in Davis, California.   
 
Groundwater analytical results and chain-of-custody documentation are presented in 
Appendix B.  
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4.0 MONITORING RESULTS 

4.1 Separate-Phase Hydrocarbon Monitoring 
The wells were monitored for the presence of SPH using a disposable bailer and/or interface 
probe.  SPHs were not detected during this round of monitoring.  

4.2 Groundwater Elevation and Hydraulic Gradient 
The groundwater elevation contour map (Figure 2) for this monitoring event was constructed 
based on depth-to-groundwater measurements collected during the current sampling event.  
The DPE remediation system had been off for nearly two weeks prior to the monitoring event, 
due in part to system repairs and to allow for groundwater conditions to equilibrate prior to 
the monitoring event.  Depth-to-groundwater measurements and calculated groundwater 
elevations are presented in Table 2. 
 
On December 14, 2012, the depth to groundwater beneath the site ranged from 12.96 (MW8) 
to 21.61 (MW5) feet bgs (Table 2).   Groundwater elevations in the site wells ranged from 
42.49 feet msl in MW7 to 44.61 feet in MW9A (Figure 2).  Using the results from the fourth 
quarter 2012 monitoring event, the hydraulic gradient is estimated at an average of 0.011 ft/ft, 
with a general flow direction away from the residual source area toward the southwest (see 
Figure 2).   
 
Residual source area wells MW2, MW3, and O1 yielded water levels that were approximately 
3 to 8 feet above those from the previous quarter.   

4.3 Groundwater Analytical Results 
On December 14, 2012, groundwater samples were collected from wells MW1, MW2, MW3, 
MW4, MW5, MW6, MW7, MW9A, MW9B, and O1, and analyzed by Kiff for TPH-g, 
BTEX, and MTBE by EPA Method 8260B and for TPH-d and TPH-mo by modified EPA 
Method 8015.   
 
Analytical results for this event are presented on Figure 3, and historical petroleum 
hydrocarbon analytical results are presented in Table 2. Copies of the chain-of-custody and 
laboratory analytical reports for the groundwater samples are presented in Appendix B. 
Laboratory analytical results for petroleum hydrocarbons are summarized below: 

 
• TPH-g was detected in samples collected from wells MW2, MW3, MW9A, MW9B, and 

O1. The maximum TPH-g concentration was detected at well MW9A (130,000 µg/L); 
however, TPH-g concentrations at MW2 (from 6,300 to 51,000 µg/L), MW3 (from 4,200 
to 23,000 µg/L), MW9B (from 230 to 1,100 µg/L), and O1 (from 1,100 to 2,500 µg/L).  
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• Benzene was detected in the samples collected from wells MW2, MW3, MW9A, MW9B, 

and O1.  The maximum benzene concentration was detected at well MW9A (2,800 µg/L); 
however Benzene concentrations increased at MW-2 (from 220 to 620 µg/L) and 01 (from 
64 to 230 µg/L) relative to the last quarter. This is likely due to the DPE system being 
turned off for over two weeks prior to sampling conducted during this monitoring event.  
 

• Toluene was detected at wells MW2, MW3, MW9A, MW9B, and O1.  The maximum 
toluene concentration was detected at well MW9A (17,000 µg/L) however Toluene 
concentrations at MW2 (from 520 to 2,500 µg/L), MW3 (from 190 to 1,000 µg/L), 
MW9B (from 1.4 to 4.7 µg/L), and O1 (from 61 to 120 µg/L) increased relative to the last 
quarter.   

 
• Ethylbenzene was detected at wells MW2, MW3, MW9A, MW9B, and O1. The 

maximum ethylbenzene concentration was detected at well MW9A (2,800 µg/L).  
Ethylbenzene concentrations at MW2 (from 130 to 430 µg/L), MW3 (from 160 to 290 
µg/L), MW9B (from 2.4 to 19 µg/L), and O1 (from 59 to 120 µg/L) increased relative to 
the last quarter.  .   
 

• Total xylenes were detected at wells MW2, MW3, , MW9A, MW9B, and O1. The 
maximum xylenes concentration was detected at MW9A (16,000 µg/L). Total xylenes 
concentrations at MW2 (from 780 to 8,100 µg/L), MW3 (from 540 to 2,800 µg/L), 
MW9B (from 15 to 63 µg/L), and O1 (from 89 to 230 µg/L) increased relative to the last 
quarter.  
 

• MTBE was detected in the samples from MW2, MW3, MW4, MW6, MW9A, MW9B, 
and O1. The maximum MTBE concentration occurred at well MW4 (220 µg/L), marking 
a continued reduction over the past two quarters.  

 
• TPH-d was only detected in the samples from MW3 and MW9B and remained undetected 

in groundwater samples collected from the other sampled wells this quarter.  The 
maximum TPH-d concentration occurred at MW3 (470 µg/L).   

 
• TPH-mo was detected in the samples from MW2 and MW3, and remained undetected in 

groundwater samples collected from the other sampled wells this quarter. The maximum 
TPH-mo concentration occurred at MW2 (430 µg/L).   

 
The chart below depicts TPH-g concentration trends for wells MW2, MW3, and MW9A 
located within the residual source area, and MW4 located approximately 50 feet downgradient 
of the residual source area.  While the 3rd Quarter 2012 monitoring results had shown a 
distinct reduction in source area wells MW2 and MW3, these wells marked a slight rebound 
in concentration during the 4th Quarter 2012 event; this is due to the DPE system remaining 
inactive for over two weeks in response to system repairs.  The system has since been turned 
back on and continues to operate on a daily basis. 
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As shown on the above chart, hydrocarbon levels in downgradient well MW4 remain below 
detection limits, while source area wells MW9A remains at elevated levels.  Per ACHCSA’s 
recent approval, well MW9A will be connected to the system on weekends (when operations 
at the site are off) until the 1st Quarter 2013 monitoring is conducted in March, 2013.   
  
 

5.0 PLANNED ACTIVITIES 

5.1 Remediation Related Activities 

Remediation activities at the site continue with DPE operations and related O&M activities 
ongoing until such time that mass removal rates from the DPE operations show a decline.  Per 
ACHCSA approval, LRM will extend DPE activities to MW9A on weekends, allowing for 
increased mass removal and reduction of hydrocarbon concentrations in MW9A.     

5.2 Planned Monitoring Activities 

Quarterly monitoring per the ACHCSA-approved plan will continue, with the next round 
(First Quarter 2013) scheduled for March 2013 (Table 4).  
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TABLES 



 


       
         
        

         
         
         
         
         
         
         
         
         
         
         


 
 


 








    
      
              

               
               
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               
               
               








    
      
              

               
               
               
               
               
               
               
               
               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
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               
               
               
               
               
               
               
               
               
               
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               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               








    
      
              

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               

               
               
               
               
               
               
               
               
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               
               
               
               
               








    
      
              

               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               








    
      
              

               
               
               
               
               
               
               
               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               








    
      
              

               
               
               
               
               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               








    
      
              

               
               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               

              
              
              
              
       
              
              
              
              
              
              
              
              
              
              
              

              
              
              
              
              
              
              
              
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


    
      
              

              
              
              
              
              
              
              

              
              
              
              
              
              
              
              
              
              








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 







 


   
          

          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          

 
 
 
 
 







    
    
    
    
    
    
    
    
    
    
    





















  



! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

"!

!#
$%
!&'()$*)!"+,"!-).'/01($*)!2./3$.)3/4!5*6.)$!

7.)8*)!9(:!;$).'4%!<%*=).:*$!;3$*>!?(@:(/0>!<(:3A.)/3(!

7'*:!B*(@!<(C*!D.E!5?++++,F#!

G(/'()H!"+,F!

!

"

#$%&'()"



FIGURE:

1

SITE

Base map:  Maptech Inc., 2001

 

0

Scale (feet)

2,000

SITE LOCATION MAP

FORMER VAL STROUGH CHEVROLET

327 34TH STREET, OAKLAND, CALIFORNIA

N







! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

"!

!#
$%
!&'()$*)!+,-+!.)/'012($*)!3/04$/)405!6*7/)$!

8/)9*)!:(;!<$)/'5%!=%*>)/;*$!<4$*?!@(A;(01?!=(;4B/)04(!

8'*;!C*(A!=(D*!E/F!6@,,,,-"#!

G(0'()H!+,-"!

!

"

#$$%&'()"#!

"

*(%+'",-./0%&12"

"

"

















! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

"!

!"
#$
!%&'(#)(!*+,*!-(.&/01'#)(!2./3#.(3/4!5)6.(#!

7.(8)(!9':!;#(.&4$!<$)=(.:)#!;3#)>!?'@:'/0>!<':3A.(/3'!

7&):!B)'@!<'C)!D.E!5?++++,F"!

G'/&'(H!*+,F!

!

"

#$$%&'()"*"

"

+,-./,0./1"#&,210(3,2"4%$./05",&'"67,(&8.986:50.'1";.3:<%&0,0(.&!
!



!"#$%&'()*+,'-.$/'01

2345$6*787$!7'9.$:253

;)<*,'-7=9.$%>$?5@2@

AB"#C"$D>!$EF"BGHI$%ICD"B!CF

F#$EF"BGHI

6<&J90+$K7=9$L

6<&J90+$K)=M9<$L

N97< #<1$O7P7Q9<,7'.

%Q9=,07*$7'7*R(,($&S$+Q9$(7=T*9($<9S9<9'09U$7M&P9$Q7($M99'$0&=T*9+9U1$$E)==7<,9($&S$+Q9$U7+7$7<9$0&'+7,'9U$

&'$+Q9$S&**&V,'-$T7-9(1$$E7=T*9W(X$V9<9$<909,P9U$)'U9<$U&0)=9'+9U$0Q7,'Y&SY0)(+&UR1$$GE$C6>$T<&+&0&*($S&<$(7=T*9$

(+&<7-9$7'U$T<9(9<P7+,&'$V9<9$S&**&V9U1$F9(+,'-$T<&09U)<9($0&=T*R$V,+Q$+Q9$Z@@4$KC!>%$7'U$FK/$Z@@?$(+7'U7<U(1

E,'09<9*R.

#9Q<U7U$O7P7Q9<,7'

"9T&<+$K)=M9<$L [4352

N7+9$L 2Z\Z2\Z@2Z

E)MJ90+$L$]$^7+9<$E7=T*9(

F<&R$F)<T9'

!7M&<7+&<R$"9()*+(

!7M&<7+&<R$<9()*+($<9*7+9$&'*R$+&$+Q9$(7=T*9($+9(+9U1$FQ,($<9T&<+$=7R$M9$S<99*R$<9T<&U)09U$,'$S)**.$M)+$=7R$&'*R

M9$<9T<&U)09U$,'$T7<+$V,+Q$+Q9$9_T<9(($T9<=,((,&'$&S$`,SS$>'7*R+,07*.$!!%1$`,SS$>'7*R+,07*.$!!%$,($09<+,S,9U$MR$+Q9

E+7+9$&S$%7*,S&<',7$)'U9<$+Q9$K7+,&'7*$C'P,<&'=9'+7*$!7M&<7+&<R$>00<9U,+7+,&'$6<&-<7=$WKC!>6X.$*7M$:$@[Z]4%>1

/S$R&)$Q7P9$7'R$a)9(+,&'($<9-7<U,'-$T<&09U)<9($&<$<9()*+(.$T*97(9$07**$=9$7+$34@YZ?bY5[@@1

Zb?3$Z'U$E+<99+.$E),+9$4@@$N7P,(.$%>$?3]2[$$34@YZ?bY5[@@

Page 1 of 16



!"#$%&'() *(+,'%-(!,./0%1

234564(789(!:43;<=(>=674396:

:5(!:43;<=

?-@$%&'(A,.%()

?-@$%&'(A".#%-()

>,1%(A,--,'BC%

4%/@-'(A".#%-() DEFGH

I,'%() HJKJHKJLHJ

4%/%,'(,M,0N1B1(#N(6?8(5%'O@P(DJ*LQ(NB%0P%P(BM&@M1B1'%M'(-%1"0'1(R@-(1,./0%(5+SQT((:O%

&@M&%M'-,'B@M1(,//%,-('@(C,-N(#%'U%%M('O%(#@''0%1T(:O%(OBVO%1'(&@M&%M'-,'B@M(-%1"0'1(,-%(-%/@-'%PT

JWSF(JMP(!'-%%'X(!"B'%(ELL(I,CB1X(>8(SF*HD((FELYJSWYGDLL
Page 2 of 16



!"#

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

$%&!'&()*+(,-&%./0(10')&%+'-

-!(,-&%./0

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%!?'HAG.)H*(AB

A

MA%NK%O*0;*0* %NK% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

MA%NK%:7-.*0* %NK% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

MA%NK%P+64-H*0;*0* %NK% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

MA%NK%:7+'-AR4-*0*2 %NK% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

!2345673789356(2342:(;!-<'= >>? %NK% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

MAK%:&SA'2AT'27-10* K% .>#? P&3AI"Q%O !"#"%#!"A!KB!$

UVNI!W"L91F6-7(7*+6'0*L8$AX@.((Y ZA<*F7[*(4 P&3AI"Q%O !"#"%#!"A!KB!$

UUNI:7-.*0*ALA8IAX@.((Y ZA<*F7[*(4 P&3AI"Q%O !"#"%#!"A!KB!$

MAK%:&SA'2A91*2*-AX\#A@1-1F'AT*-Y K% .>#? 5AP&3AI%!K !"#!I#!"A!JBKV

MA!%%:&SA'2A57+7(A]1-AX\#A@1-1F'AT*-Y !%% .>#? 5AP&3AI%!K !"#!I#!"A!JBKV

UUN$]F+'F72'0*AX@1-1F'AT*-A@.((Y ZA<*F7[*(4 5AP&3AI%!K !"#!I#!"A!JBKV

"VUKA"08A@+(**+WA@.1+*AJ%%A9'[12WA^3AUKQ!IAAKJ%L"UVL$I%% Page 3 of 16



!"#

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

$%&!'&()*+(,-&%./0(10')&%+'-

-!(,-&%./0

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%"?'HAG.)H*(AB

A

2345343 6#7 !K% .>#? M&3AI"N%O !"#"%#!"A!JBKP

-89:343 #;77 !K% .>#? M&3AI"N%O !"#"%#!"A!JBKP

'<=>9?345343 @A7 !K% .>#? M&3AI"N%O !"#"%#!"A!JBKP

-8<B9(C>9343D EF77 !K% .>#? M&3AI"N%O !"#"%#!"A!JBKP

!3<=>9G<G?:<>9(3<=3H(I!-2'J #@ %QK% .>#? M&3AI"N%O !"#"%#!"A%%B$!

-K0(BD(/BD89L43 ;F777 !K%%% .>#? M&3AI"N%O !"#"%#!"A!JBKP

!%$!R"L91F6-7(7*+6'0*L8$AS@.((T UA<*F7V*(4 M&3AI"N%O !"#"%#!"A!JBKP

WNQI:7-.*0*ALA8IAS@.((T UA<*F7V*(4 M&3AI"N%O !"#"%#!"A!JBKP

XA"%%%:&YA'2A91*2*-ASZ#A@1-1F'A[*-T "%%% .>#? 5AM&3AI%!K !"#!I#!"A!$BJ!

SG7+*BA5<?A10F(*'2*8A8.*A+7A10+*(\*(*0F*A\(7)A['27-10*L('0>*A648(7F'(H702QT

-K0(BD(!8<8H(%L9(IMN(,L9LOB(/39J @A7 !%% .>#? 5AM&3AI%!K !"#!I#!"A!$BJ!

!%J]F+'F72'0*AS@1-1F'A[*-A@.((T UA<*F7V*(4 5AM&3AI%!K !"#!I#!"A!$BJ!

"PWKA"08A@+(**+RA@.1+*AJ%%A9'V12RA^3AWKN!IAAKJ%L"WPL$I%% Page 4 of 16



!"

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

#!$%&$'()*'+,$!-./'0/&($!*&,

,%'+,$!-./

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%J?'HAG.)H*(AB

A

1234232 567 %MK% .>#? N&3AI"O%P !"#"%#!"A%!B!"

,89:232 "57 %MK% .>#? N&3AI"O%P !"#"%#!"A%!B!"

&;<=9>234232 "57 %MK% .>#? N&3AI"O%P !"#"%#!"A%!B!"

,8;?9'@=9232A 567 %MK% .>#? N&3AI"O%P !"#"%#!"A%!B!"

%2;<=9B;B>:;=9'2;<2C'D%,1&E "F %MK% .>#? N&3AI"O%P !"#"%#!"A%!B!"

,G/'?A'.?A89H32 5I77 K% .>#? N&3AI"O%P !"#"%#!"A%!B!"

QRMJ!S"L91F6-7(7*+6'0*L8$AT@.((U VA<*F7W*(4 N&3AI"O%P !"#"%#!"A%!B!"

!%K:7-.*0*ALA8IAT@.((U VA<*F7W*(4 N&3AI"O%P !"#"%#!"A%!B!"

XAK%:&YA'2A91*2*-ATZ#A@1-1F'A[*-U K% .>#? 5AN&3AI%!K !"#!I#!"A!KB%K

XA!%%:&YA'2A57+7(A\1-ATZ#A@1-1F'A[*-U !%% .>#? 5AN&3AI%!K !"#!I#!"A!KB%K

!%I\F+'F72'0*AT@1-1F'A[*-A@.((U VA<*F7W*(4 5AN&3AI%!K !"#!I#!"A!KB%K

"RQKA"08A@+(**+SA@.1+*AJ%%A9'W12SA]3AQKO!IAAKJ%L"QRL$I%% Page 5 of 16



!"#$

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

%&'!(')*+,)-.'&/01)21(*'&,(.

.!)-.'&/01

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%$?'HAG.)H*(AB

A

$345343 678 %MK% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

.9:;343 <7= %MK% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

(>?@:A345343 B# %MK% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

.9>C:)D@:343E FG %MK% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

!3>?@:H>HA;>@:)3>?3I)J!.$(K 67B %MK% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

.L1)CE)0CE9:M43 BBNN K% .>#? N&3AI"O%P !"#"%#!"A!KB$Q

QIMO!R"L91F6-7(7*+6'0*L8$AS@.((T UA<*F7V*(4 N&3AI"O%P !"#"%#!"A!KB$Q

QQM$:7-.*0*ALA8IAS@.((T UA<*F7V*(4 N&3AI"O%P !"#"%#!"A!KB$Q

.L1)CE)OM3E3:)JPQ)-M:MRC)03:K S< K% .>#? 5AN&3AI%!K !"#!I#!"A!KB$%

SG7+*BAW48(7F'(H702A'(*A61>6*(LH71-10>A+6'0A+4=1F'-A91*2*-AX.*-MT

YA!%%:&WA'2A57+7(AZ1-AS[#A@1-1F'A\*-T !%% .>#? 5AN&3AI%!K !"#!I#!"A!KB$%

!!$ZF+'F72'0*AS@1-1F'A\*-A@.((T UA<*F7V*(4 5AN&3AI%!K !"#!I#!"A!KB$%

"]QKA"08A@+(**+RA@.1+*AJ%%A9'V12RA^3AQKO!IAAKJ%L"Q]L$I%% Page 6 of 16



!"#

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

$%&!'&()*+(,-&%./0(10')&%+'-

-!(,-&%./0

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%K?'HAG.)H*(AB

A

2345343 6# JM% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

-789343 :;;; JM% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

'<=>8?345343 @A; JM% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

-7<B8(C>8343D @6;; JM% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

!3<=>8E<E?9<>8(3<=3F(G!-2'H #IJ JM% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

-K0(BD(/BD78L43 @#;;; J%% .>#? N&3AI"O%P !"#"%#!"A%JBJ"

QRM"!S"L91F6-7(7*+6'0*L8$AT@.((U VA<*F7W*(4 N&3AI"O%P !"#"%#!"A%JBJ"

QIMK:7-.*0*ALA8IAT@.((U VA<*F7W*(4 N&3AI"O%P !"#"%#!"A%JBJ"

-K0(BD(ML3D38(GNO(,L8LPB(/38H QR; K% .>#? 5AN&3AI%!K !"#!Q#!"A!JB%%

TG7+*BA912F(*+*A=*'X2SA-7Y*(AH71-10>A648(7F'(H702A=(*2*0+SA'+4=1F'-AZ7(A91*2*-A[.*-MU

-K0(BD(!7<7F(%L8(GNO(,L8LPB(/38H #A; !%% .>#? 5AN&3AI%!K !"#!Q#!"A!JB%%

!"$\F+'F72'0*AT@1-1F'A]*-A@.((U VA<*F7W*(4 5AN&3AI%!K !"#!Q#!"A!JB%%

"RQKA"08A@+(**+SA@.1+*AJ%%A9'W12SA^3AQKO!IAAKJ%L"QRL$I%% Page 7 of 16



!"#$

!"#!$#"%!"

&'(')*+*( ,'-.* /01+2
30'-4212
5*+678

9'+*#:1)*
30'-4;*8

5*+678
<*=7(+10>
?1)1+

5*'2.(*8

@')=-*AB

@')=-*A9'+*ABA

C'+*(5'+(1DAB

&(7E*F+AG')*AB

&(7E*F+AG.)H*(AB

%&'!(')*$+),-'&./0)10(*'&+(-

-!),-'&./0

<*=7(+AG.)H*(AB IJK$!

9'+*AB !"#"!#"%!"

IJK$!L%M?'HAG.)H*(AB

A

2345343 6788 $% .>#? N&3AI"M%O !"#"%#!"A%KB!K

-9:;343 <=888 $% .>#? N&3AI"M%O !"#"%#!"A%KB!K

(>?@:A345343 6788 $% .>#? N&3AI"M%O !"#"%#!"A%KB!K

-9>B:)C@:343D <E888 $% .>#? N&3AI"M%O !"#"%#!"A%KB!K

!3>?@:F>FA;>@:)3>?3G)H!-2(I #7 $% .>#? N&3AI"M%O !"#"%#!"A%KB!K

-J0)BD)/BD9:K43 <L8888 $%%% .>#? N&3AI"M%O !"#"%#!"A%KB!K

PIQJ!R"L91F6-7(7*+6'0*L8$AS@.((T UA<*F7V*(4 N&3AI"M%O !"#"%#!"A%KB!K

PPQM:7-.*0*ALA8IAS@.((T UA<*F7V*(4 N&3AI"M%O !"#"%#!"A%KB!K

WA"%%:&XA'2A91*2*-ASY#A@1-1F'AZ*-T "%% .>#? 5AN&3AI%!K !"#!I#!"A!MB$I

SG7+*BA5<?A10F(*'2*8A8.*A+7A10+*([*(*0F*A[(7)AZ'27-10*L('0>*A648(7F'(H702QT

WA!%%:&XA'2A57+7(A\1-ASY#A@1-1F'AZ*-T !%% .>#? 5AN&3AI%!K !"#!I#!"A!MB$I

!!M\F+'F72'0*AS@1-1F'AZ*-A@.((T UA<*F7V*(4 5AN&3AI%!K !"#!I#!"A!MB$I

"]PKA"08A@+(**+RA@.1+*AJ%%A9'V12RA^3APKM!IAAKJ%L"P]L$I%% Page 8 of 16



!"#$%&'()*+%(,

!"#$%&'()-+.%"(,

!"#$%#&'()&*+#",-.&/.%'#")%+

+$&*+#",-.

/%0#"'()-+.%"(, 12345

6*'%(, 5787587957

!*"*+%'%" :*;-% <=>'?
@=*;A?>?
B%'C#D

6*'%
@=*;AE%D

B%'C#D

F>+>'
B%*?-"%D

0/&#12345&6&$15738&9:;<=&>;5;

!*"*+%'%" :*;-% <=>'?
@=*;A?>?
B%'C#D

6*'%
@=*;AE%D

B%'C#D

F>+>'
B%*?-"%D/%0#"'>=G /%0#"'>=G

H(39I!J(*?(6>%?%;(KL8(M>;>&*(N%;O 39 -G8F B(P!@(1953 5785Q87957

H(599I!J(*?(B#'#"(R>;(KL8(M>;>&*(N%;O 599 -G8F B(P!@(1953 5785Q87957

Q4STR&'*&#?*=%(KM>;>&*(N%;(M-""O U B(P!@(1953 5785Q87957

H(39I!J(*?(6>%?%;(KL8(M>;>&*(N%;O 39 -G8F B(P!@(1953 5785187957

H(599I!J(*?(B#'#"(R>;(KL8(M>;>&*(N%;O 599 -G8F B(P!@(1953 5785187957

591R&'*&#?*=%(KM>;>&*(N%;(M-""O U B(P!@(1953 5785187957

H(9S39V%=E%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39P'CA;.%=E%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39I#;-%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39I#'*;(WA;%=%? 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39B%'CA;X'X.-'A;(%'C%"(KBIVPO 9S39 -G8F P!@(17T9V 5785Q87957

H(39I!J(*?(N*?#;>=% 39 -G8F P!@(17T9V 5785Q87957

QQS45Y7X6>&C;#"#%'C*=%XD4(KM-""O U P!@(17T9V 5785Q87957

59TI#;-%=%(X(D1(KM-""O U P!@(17T9V 5785Q87957

H(9S39B%'CA;X'X.-'A;(%'C%"(KBIVPO 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39V%=E%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39P'CA;.%=E%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39I#;-%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39I#'*;(WA;%=%? 9S39 -G8F P!@(17T9V 5787987957

H(39I!J(*?(N*?#;>=% 39 -G8F P!@(17T9V 5787987957

5945Y7X6>&C;#"#%'C*=%XD4(KM-""O U P!@(17T9V 5787987957

QZS5I#;-%=%(X(D1(KM-""O U P!@(17T9V 5787987957

H(9S39V%=E%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39P'CA;.%=E%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39I#;-%=% 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39I#'*;(WA;%=%? 9S39 -G8F P!@(17T9V 5785Q87957

H(9S39B%'CA;X'X.-'A;(%'C%"(KBIVPO 9S39 -G8F P!@(17T9V 5785Q87957

H(39I!J(*?(N*?#;>=% 39 -G8F P!@(17T9V 5785Q87957

Q1SQ5Y7X6>&C;#"#%'C*=%XD4(KM-""O U P!@(17T9V 5785Q87957

QQSTI#;-%=%(X(D1(KM-""O U P!@(17T9V 5785Q87957

H(9S39V%=E%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39P'CA;.%=E%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39I#;-%=% 9S39 -G8F P!@(17T9V 5787987957

H(9S39I#'*;(WA;%=%? 9S39 -G8F P!@(17T9V 5787987957

H(9S39B%'CA;X'X.-'A;(%'C%"(KBIVPO 9S39 -G8F P!@(17T9V 5787987957

H(39I!J(*?(N*?#;>=% 39 -G8F P!@(17T9V 5787987957

Q1SQ5Y7X6>&C;#"#%'C*=%XD4(KM-""O U P!@(17T9V 5787987957

QQS1I#;-%=%(X(D1(KM-""O U P!@(17T9V 5787987957

7ZQ3(7=D(M'"%%'Y(M->'%(299(6*[>?Y(\@(Q3T51((329X7QZX4199

]^__(@)@F`I^\@FY(FF\

P
a
g
e
 9

 o
f 1

6



!"#"$%&%# '"()% *+,&- .%&/01 2+"(34%1

!#05%6&78"$%79

!#05%6&78)$:%#79

!"#$%#&'()&*+#",-.!"#$%&'($)

+$&*+#",-.

;%<0#&78)$:%#79 =>?@A

B"&%79 ACDCADCEAC

F<,G%1
F"$<(%

F"$<(% F<,G%7
H%I%(

F<,G%
B)<J
H%I%(

F<,G%17
F"$<(%
'"()%

F<,G%17
F"$<(%
'"()%

B)<(,6"&%

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
!%#6%+&7

F<,G%17
F"$<(%

;%60IJ

B)<(,6"&%

;%("&,I%
!%#6%+&
B,KKJ

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
H,$,&

;%("&,I%
!%#6%+&
B,KKJ
H,$,&

2+"(3-,- B"&%

/0&#12345&6&$75489&*28:1;&$75489&*28:1&<=2>8?751

LH28M

N!OPB7QF,7R%(S

T?E )UDH .7V!27=EA? ACDAWDACAEEE AEEE =AW X=W =AJW X=JW >JXC XEPA>E C?

LH28M

N!OPB7QF,7R%(S

T?E )UDH .7V!27=EA? ACDA=DACAEEE AEEE XYC =>A XYJC =>JA =JXE XEPA>E C?

=>??@PEY

L%+4%+%

TEJ?E )UDH V!27=CYEL ACDAWDAC@EJE @EJE @AJ> @EJ? AE> AEA CJEC =EPACE C?

=>??@PEY

V&/3(:%+4%+%

TEJ?E )UDH V!27=CYEL ACDAWDAC@EJE @EJE @AJY @AJ= AE@ AE@ EJ@== =EPACE C?

=>??@PEY

.%&/3(P&P:)&3(7%&/%#

WJW )UDH V!27=CYEL ACDAWDAC@EJA @EJA ?YJ> ?YJY AAY AAY EJ@?> YWJXPACA C?

=>??@PEY

!7Z7.7[3(%+%

TEJ?E )UDH V!27=CYEL ACDAWDAC@EJE @EJE @EJX @EJY AEC AEA EJ>=C XYJ=PACE C?

=>??@PEY

N0()%+%

TEJ?E )UDH V!27=CYEL ACDAWDAC@EJE @EJE @@JA @>J@ AAE AE= AJY@ =EPACE C?

=>??@PE?

.%&/3(P&P:)&3(7%&/%#

AJC )UDH V!27=CYEL ACDAWDAC@EJA @EJA @>JA @CJX AE@ AE@ EJWEX YWJXPACA C?

CXW?7C+17F&#%%&\7F),&%7>EE7B"I,-\7]27W?YA=77?>EPCWXP@=EE

M^__7282H`N^]2H\7HH]

P
a
g
e
 1

0
 o

f 1
6



!"#"$%&%# '"()% *+,&- .%&/01 2+"(34%1

!#05%6&78"$%79

!#05%6&78)$:%#79

!"#$%#&'()&*+#",-.!"#$%&'($)

+$&*+#",-.

;%<0#&78)$:%#79 =>?@A

B"&%79 ACDCADCEAC

F<,G%1
F"$<(%

F"$<(% F<,G%7
H%I%(

F<,G%
B)<J
H%I%(

F<,G%17
F"$<(%
'"()%

F<,G%17
F"$<(%
'"()%

B)<(,6"&%

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
!%#6%+&7

F<,G%17
F"$<(%

;%60IJ

B)<(,6"&%

;%("&,I%
!%#6%+&
B,KKJ

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
H,$,&

;%("&,I%
!%#6%+&
B,KKJ
H,$,&

2+"(3-,- B"&%

/0&#12345&6&$75489&*28:1;&$75489&*28:1&<=2>8?751

=>?LMNE@

O%+4%+%

PEJ?E )QDH R!27=CMEO ACDCEDAC@EJE @EJE @AJS @EJ? AE@ AEA CJL= =ENACE C?

=>?LMNE@

R&/3(:%+4%+%

PEJ?E )QDH R!27=CMEO ACDCEDAC@EJE @EJE @?JM @?JE AA@ AA> AJA@ =ENACE C?

=>?LMNE@

!7T7.7U3(%+%

PEJ?E )QDH R!27=CMEO ACDCEDAC@EJE @EJE @MJS @MJ@ AAS AAM EJ=?C SMJ=NACE C?

=>?LMNE@

V0()%+%

PEJ?E )QDH R!27=CMEO ACDCEDAC@EJE @EJE @CJ@ @AJC AEM AE> CJLS =ENACE C?

=>??@NAE

O%+4%+%

EJLM )QDH R!27=CMEO ACDALDAC@EJE @EJE @CJ? @AJM AE@ AEC CJEL =ENACE C?

=>??@NAE

R&/3(:%+4%+%

PEJ?E )QDH R!27=CMEO ACDALDAC@EJE @EJE @AJC @EJ@ AE> AEA AJL@ =ENACE C?

=>??@NAE

.%&/3(N&N:)&3(7%&/%#

PEJ?E )QDH R!27=CMEO ACDALDAC@EJA @EJA @AJE @AJE AEC AEC EJCA@ MLJSNACA C?

=>??@NAE

!7T7.7U3(%+%

EJLA )QDH R!27=CMEO ACDALDAC@EJE @EJE @AJ> @EJM AEA LLJ> AJ=A SMJ=NACE C?

=>??@NAE

V0()%+%

PEJ?E )QDH R!27=CMEO ACDALDAC@EJE @EJE @CJA @AJ> AE? AE> AJ=A =ENACE C?

CSL?7C+17F&#%%&W7F),&%7>EE7B"I,-W7X27L?MA=77?>ENCLSN@=EE

YZ[[7282H\VZX2HW7HHX

P
a
g
e
 1

1
 o

f 1
6



!"#"$%&%# '"()% *+,&- .%&/01 2+"(34%1

!#05%6&78"$%79

!#05%6&78)$:%#79

!"#$%#&'()&*+#",-.!"#$%&'($)

+$&*+#",-.

;%<0#&78)$:%#79 =>?@A

B"&%79 ACDCADCEAC

F<,G%1
F"$<(%

F"$<(% F<,G%7
H%I%(

F<,G%
B)<J
H%I%(

F<,G%17
F"$<(%
'"()%

F<,G%17
F"$<(%
'"()%

B)<(,6"&%

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
!%#6%+&7

F<,G%17
F"$<(%

;%60IJ

B)<(,6"&%

;%("&,I%
!%#6%+&
B,KKJ

!%#6%+&7

F<,G%17
F"$<(%

;%60IJ
H,$,&

;%("&,I%
!%#6%+&
B,KKJ
H,$,&

2+"(3-,- B"&%

/0&#12345&6&$75489&*28:1;&$75489&*28:1&<=2>8?751

=>?>ALA@

M%+4%+%

NEJ?E )ODH P!27=CQEM ACDCEDAC@EJE @EJE @AJR @EJA AE? AEE @JCQ =ELACE C?

=>?>ALA@

P&/3(:%+4%+%

NEJ?E )ODH P!27=CQEM ACDCEDAC@EJE @EJE @AJE >RJC AEC R=JA @J@C =ELACE C?

=>?>ALA@

.%&/3(L&L:)&3(7%&/%#

NEJ?E )ODH P!27=CQEM ACDCEDAC@EJA @EJA @EJR @EJA AEC AEE AJ=? QRJSLACA C?

=>?>ALA@

!7T7.7U3(%+%

NEJ?E )ODH P!27=CQEM ACDCEDAC@EJE @EJE @EJS >=J= AEC RSJA @JQS SQJ=LACE C?

=>?>ALA@

V0()%+%

NEJ?E )ODH P!27=CQEM ACDCEDAC@EJE @EJE @CJ@ @EJQ AEQ AEA @J>R =ELACE C?

CSR?7C+17F&#%%&W7F),&%7>EE7B"I,-W7X27R?QA=77?>ELCRSL@=EE

YZ[[7282H\VZX2HW7HHX

P
a
g
e
 1

2
 o

f 1
6



!"#"$%&%# '()&* +%&,-. /("012%.

!#-3%4&56"$%57

!#-3%4&568$9%#57

!"#$%#&'()&*+#",-.!"#$%&'($)

+$&*+#",-.

:%;-#&568$9%#57 <=>?@

A"&%57 @BCB@CBD@B

E;)F%5
G%H%0

!%#4%(&5
:%4-HI

!%#4%(&5
:%4-HI
G)$)&

/("01*)* A"&%

/0&#12345&6&)783475349&03:543;&*7<2;1&=)0*>

GJE
GJE

K%(2%(% 8LCG M!/5<BNDK @BC@OC@B=OIO OOI< <DP@BD

M&,109%(2%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @D@ <DP@BD

+%&,10P&P98&105%&,%# 8LCG M!/5<BNDK @BC@OC@B?DID @@B NOIQP@B@

!5R5+5S10%(% 8LCG M!/5<BNDK @BC@OC@B=OIO OOI@ QNI<P@BD

T!U5"*5V"*-0)(% 8LCG M!/5<BNDK @BC@OC@B?O> @DN QDIDP@=D

T-08%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @D< <DP@BD

+%&,10P&P98&105%&,%# 8LCG M!/5<BNDK @BC@OC@B?DIB OOIQ NOIQP@B@

K%(2%(% 8LCG M!/5<BNDK @BCBDC@B=OIO @D? <DP@BD

M&,109%(2%(% 8LCG M!/5<BNDK @BCBDC@B=OIO @@> <DP@BD

!5R5+5S10%(% 8LCG M!/5<BNDK @BCBDC@B=OIO @@< QNI<P@BD

T!U5"*5V"*-0)(% 8LCG M!/5<BNDK @BCBDC@B?ON OOI< QDIDP@=D

T-08%(% 8LCG M!/5<BNDK @BCBDC@B=OIO @DN <DP@BD

K%(2%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @DB <DP@BD

M&,109%(2%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @DB <DP@BD

+%&,10P&P98&105%&,%# 8LCG M!/5<BNDK @BC@OC@B?DID OOIQ NOIQP@B@

!5R5+5S10%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @D@ QNI<P@BD

T!U5"*5V"*-0)(% 8LCG M!/5<BNDK @BC@OC@B?O? ONID QDIDP@=D

T-08%(% 8LCG M!/5<BNDK @BC@OC@B=OIO @D? <DP@BD

BQO>5B(.5E&#%%&W5E8)&%5=DD5A"H)*W5J/5O>N@<55>=DPBOQP?<DD

XYZZ5/6/G[TYJ/GW5GGJ

P
a
g
e
 1

3
 o

f 1
6



!"#"$%&%# '()&* +%&,-. /("012%.

!#-3%4&56"$%57

!#-3%4&568$9%#57

!"#$%#&'()&*+#",-.!"#$%&'($)

+$&*+#",-.

:%;-#&568$9%#57 <=>?@

A"&%57 @BCB@CBD@B

E;)F%5
G%H%0

!%#4%(&5
:%4-HI

!%#4%(&5
:%4-HI
G)$)&

/("01*)* A"&%

/0&#12345&6&)783475349&03:543;&*7<2;1&=)0*>

GJE
GJE

K%(2%(% 8LCG M!/5<BNDK @BCBDC@B?DI@ @D? <DO@BD

M&,109%(2%(% 8LCG M!/5<BNDK @BCBDC@B?DI@ @D= <DO@BD

+%&,10O&O98&105%&,%# 8LCG M!/5<BNDK @BCBDC@B?DIB @DD NPIQO@B@

!5R5+5S10%(% 8LCG M!/5<BNDK @BCBDC@B?DI@ @D= QNI<O@BD

T!U5"*5V"*-0)(% 8LCG M!/5<BNDK @BCBDC@B?P> P<IN QDIDO@=D

T-08%(% 8LCG M!/5<BNDK @BCBDC@B?DI@ @DN <DO@BD

BQP>5B(.5E&#%%&W5E8)&%5=DD5A"H)*W5J/5P>N@<55>=DOBPQO?<DD

XYZZ5/6/G[TYJ/GW5GGJ

P
a
g
e
 1

4
 o

f 1
6



P
a
g
e
 1

5
 o

f 1
6



Page 16 of 16


	Cover Letter
	RO_0134_4Q2012_QMR
	GW Analytical Data Jan 2013 - Figure 3
	GW Contour Map - Jan 2013 - Figure 2
	RO_0134_4Q2012_QMR
	RO_0134_4Q2012_QMR.pdf
	Tables.pdf
	Figures.pdf
	Appendix A.pdf
	Appendix B.pdf





