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SUBJECT:
Report on MtBE Monitoring at Operating UST Facilities in Santa Clara County.

1.  Introduction 

Leaking UST sites and associated releases of MtBE account for the largest number of groundwater pollution sites in Santa Clara County.  As of January 13, 2004, there were 2468 LUST sites, 550 of them open.  MtBE has been detected in groundwater in the majority of these sites.  

MtBE has been added to gasoline sold in California since 1979 as an octane booster.  Since the late 1980’s MtBE has been added as an oxygenate to California’s reformulated gasoline, comprising up to 11% by volume.  Relative to other fuel hydrocarbons, MtBE has a high solubility in water, lower retardation in groundwater aquifers, and is much slower to biodegrade than other gasoline constituents and blending agents. These properties, combined with a high percentage by volume of MtBE in gasoline, create the potential for high source area concentrations, long plumes in groundwater, and long residence times in the subsurface.  MtBE is considered a potential carcinogen and there may be health-based implication to MtBE contamination.  

All operating UST systems in California had been upgraded to reduce fuel releases by December 1998.  Two studies were conducted in the late nineties to evaluate effectiveness of 1998 system upgrades in preventing hydrocarbon releases: the State Water Resources Control Board’s     “field based research” (www.swrcb.ca.gov/cwhome/ust/docs/fbr/index.html),

and the Santa Clara Valley Water District’s (SCVWD) 50-station pilot study (www.valleywater.org/Water/Water_Quality/Protecting_your_water/_MTBE/MTBE_resources.shtm). These studies indicate that the majority of the 1998-upgrade-compliant operating UST facilities may be impacted by MtBE from new releases (mostly in vapor phase) undetected by standard UST leak detection equipment, but in many cases substantial enough to threaten the groundwater quality.  Based on the results of these studies, the Regional Water Quality Control Board (RWQCB) and SCVWD concluded that it is important to periodically evaluate MtBE occurrence in groundwater at operating UST facilities so that undetected releases of MtBE can be identified before they result in contamination of a drinking water supply aquifer.  Enhanced leak detection (ELD) required by AB 2481 was considered not sufficient to assure protection of groundwater resources in highly sensitive Santa Clara Valley because: 1) Santa Clara Valley depends heavily on groundwater; 2) the hydrogeological vulnerability of the basin (high groundwater flow rates in many parts of the basin resulting in 5-10 year groundwater distances exceeding 1,000 feet); and 3) the fact that ELD would not detect releases that have or may occur outside of the ELD testing period.

MtBE use as a fuel additive in California has been banned since January 1, 2004, therefore, future releases should become rare.  However, former releases, if undetected, could continue to be a serious threat to groundwater quality, especially in sensitive areas like the Santa Clara Valley region, where in the typical year groundwater provides nearly half the water used in the county.

2.  Project Objectives and Methodology 

2.1
Project Objectives, and Request from the SCVWD for Board Assistance

In 2002, the SCVWD requested the Board assistance with the MtBE monitoring project that would require all operating UST facilities within Santa Clara County, including those with no confirmed releases, to perform periodic monitoring for MtBE. The primary objective of the project was to identify facilities with ongoing undetected MtBE leaks before these releases contaminate drinking water aquifers.  The secondary objective was to confirm the results of previous studies that evaluated occurrence of undetected MtBE and other oxygenate releases at 1998-upgrade-compliant UST facilities including evaluating correlation between occurrence of MtBE releases and specific UST system features, depth to water, and the presence of other gasoline components. The Board concurred with the SCVWD request with the condition that only “high threat” sites should be monitored.

2.2
“High Threat” Sites

A “high threat” site was defined as a currently operating UST facility located within:

· 2,000 feet of an active or inactive water supply well (including domestic, public, small system wells, and some irrigation wells which could provide drinking water)

· 500 feet of an abandoned well (potential vertical conduit)

· recharge zone

· vulnerable aquifer area (as defined by GIS USEPA DRASTIC Model that predicts areas which are more likely than others to become contaminated as a result of activities at or near the surface)

The SCVWD compiled the list of the “high threat” sites in the fourth quarter of 2002.  The list was submitted for review to local CUPAs, and their comments were incorporated prior to sending MtBE monitoring request letters (pursuant to Water Code Section 13267) to property owners/operators.  The list contained 152 facilities.  One additional site was added to the list in the course of the project, so the final list contained 153 facilities (Table 1A in Attachment A). The locations of these sites are shown on Figure 1 (Attachment B).  Table 1 (below) and Chart 1 (Attachment B) show the site distribution based on location criteria.  

Table 1.  High Threat Site Distribution Based on Location Criteria


	Site Location
	# Sites
	Percent

	Within 2,000’ of active/inactive water supply well
	40*
	26%

	Within 500’ of abandoned well
	9
	6%

	Within  recharge zone
	32
	21%

	Within vulnerable aquifer area (DRASTIC)
	8
	5%

	Combination
	64
	42%

	Total
	153
	100%


* Eight of these sites were located within 1,000’ of active/inactive water supply well

2.3
MtBE Monitoring Letter Requests

A total of 153 letters requesting MtBE monitoring were mailed out to property owners/operators in late December 2002 and the first quarter of 2003.  The letters required that a work plan is submitted for environmental monitoring for MtBE to determine if groundwater beneath the site has been impacted from undetected releases from the existing UST systems.  The sites that no longer stored MtBE-containing gasoline were required to conduct a one-time oxygenate monitoring that included sampling groundwater for MtBE, TBA, EtBE, TAME, and DIPE.

The sites were divided into two groups.  The first group consisted of 144 sites.  The letters sent to these sites required that the work plan should at the minimum propose one of the following:

· Collect groundwater grab samples using direct-push technology, 

· Install and sample groundwater monitoring wells, or

· Perform an ELD test according to the UST regulations (using a tracer chemical and array of soil gas probes around the UST system).

The second group consisted of eight sites that were located within 1,000 feet of a water supply well.  Due to the closer proximity to the water supply well, these sites were considered the highest threat sites, and were given only two options: 

· Collect groundwater grab samples using direct-push technology, or

· Install and sample groundwater monitoring wells.

Independent of our request these eight sites were also required to conduct ELD testing under AB2481.

2.4   Work Plan Approval

Work plans (or responses to our request for a work plan) were submitted during the first half of 2003.  After further evaluation 25 sites were granted a rescission of MtBE monitoring requirement due to valid reasons.  Fourteen of the 25 sites had already performed MtBE monitoring (nine sites were part of the 50-station pilot study, and five sites were being sampled as open LUST cases). Eleven sites provided documentation that they did not meet “high threat site” criteria (five sites were not near a drinking water well, two sites did not have active USTs, three sites stored diesel or non-MtBE gasoline only in their USTs, and one site was located within a large off-site MtBE plume).  This left 128 sites that were required to perform MtBE monitoring.

A total of 116 sites submitted work plans.  The work plans were reviewed by the Santa Clara Valley Water District and the Board, and approved.  Nine of the 128 sites complied with our request by providing recently collected MtBE data in lieu of a work plan.  

To comply with the MtBE monitoring requirement, the majority of sites (67%) proposed borings. Several sites (22%) proposed collection of samples from monitoring wells, either existing or proposed (some of these sites were already part of Shell’s voluntary Groundwater Assessment Program [GRASP]).  Only three sites proposed ELD testing.  A few sites provided MtBE data from the recent UST removals or product line upgrades that indicated MtBE releases have occurred at these sites.  Table 2 (below) and Chart 2 (Attachment B) illustrate frequency of choosing each of the MtBE monitoring options.

Table 2.  Frequency of Choosing MtBE Monitoring Options

	MtBE Monitoring Option Chosen
	# Sites
	Percent

	Borings
	85
	67%

	Wells
	28
	22%

	Borings & Wells
	4
	3%

	ELD
	3
	2%

	UST Removal/Line Replacement
	5
	4%

	Refused to Perform Monitoring
	3
	2%

	Total
	128
	100%


In addition to the required analyses for MtBE, TBA, EtBE, DIPE, and TAME in groundwater, several sites proposed analyzing soil samples for the above oxygenates, and soil and groundwater samples for other fuel constituents (TPHg, TPHd, BTEX, 1,2-DCA, and EDB).    

2.5  Compiling System Design Data

System design data were compiled for the sites that performed MtBE monitoring except for twelve sites located in the City of Santa Clara (Table 3A in Attachment A).  This data consisted of a type of the UST and piping (single/double wall), piping delivery system (suction/pressure), leak monitoring system, and vapor recovery system (balance/assist), UST and piping construction material, and the date of UST installation.  The system design data were submitted by local CUPAs, and the Air Resources Board (vapor recovery system data).  The City of Santa Clara Fire Department (CSCFD) refused to provide the requested data for 12 sites located in their jurisdiction.  The CSCFD also refused to perform MtBE monitoring at their site located at 777 Benton Street in Santa Clara.

3. Project Results 
One hundred twenty five of the 128 sites (98%) submitted MtBE monitoring results for this project.  A total of 327 groundwater samples and 463 soil samples were analyzed for this investigation (Chart 3, Attachment B).  Project results are compiled in Table 2A included in Attachment A, and specific results are shown in Tables 3 through 7 (below), and illustrated by Charts 3 through 15 (Attachment B). 

3.1 MtBE Occurrence 

MtBE was detected in groundwater at 62 (53%) sites that submitted groundwater monitoring results.  At seven other sites MtBE releases were confirmed based on soil sampling (as these sites did not collect groundwater samples but monitored for MtBE during UST or line removal/replacement, or groundwater was not encountered in borings to 125’ bgs in borings), or the leak was confirmed by the ELD test results.  MtBE was detected more frequently in groundwater samples (36%) than in soil samples (15%).  Thirty two percent of sites had no MtBE detections in soil while groundwater was contaminated, and only 2.5% of sites had detections of MtBE in soil while groundwater was clean.  Table 3, and Charts 4 and 5 show frequency of MtBE detections at “high threat sites”.  Chart 6 illustrates correlation between MtBE in soil and groundwater.

Table 3. MtBE Occurrence





	MtBE Status
	# Sites
	Percent

	Groundwater not sampled*
	8*
	7%

	Not detected in groundwater
	55
	44%

	Detected (<5 ppb)
	14
	11%

	Detected (5-100 ppb)
	23
	18%

	Detected (100-1,000 ppb)
	10
	8%

	Detected (1,000-10,000 ppb)
	6
	5%

	Detected (>10,000 ppb)
	9
	7%

	Total
	125
	100%


*MtBE was detected in soil samples or leak was confirmed by ELD test at 7 of these sites.  
The results are consistent with past studies, although relatively few of the operating facilities appear to have had significant MtBE impact.  MtBE was detected at 55% of the sites (either in soil or groundwater).  MtBE concentrations in groundwater exceeded the secondary MCL of 5 ppb at 48 sites (38%), and were greater than 100 ppb at 25 sites (20%).  Low MtBE concentrations at several sites appear to be related to earlier releases, since 74% (92 of 125 sites) of the sites that submitted MTBE data were former “leaking tank” cases that were closed with low concentrations of MtBE (up to 24 ppb) remaining in groundwater.  Twenty-three sites (21%) included in this project reported that use of MtBE-containing gasoline had been discontinued prior to January 1, 2004.

Still, many of the stations appear to have had new releases.  Based on these monitoring results the SCVWD has opened new LUST cases at 38 (30%) of the monitored operating UST facilities. One of the stations with very high MtBE concentrations is located 280 feet of a public water supply well (Great Oaks Water Company’s well #16 in San Jose).  Groundwater monitoring at this station found 140,000 ppb of MtBE.  Immediately after receiving the MtBE monitoring results, the District opened a LUST case for the site, and requested an expedited site assessment and remediation.  Fortunately, the plume has not reached the well.  It appears that this particular MtBE release was caught in time – thanks to this project.

The majority of MtBE impacted sites have shallow groundwater (depth to first groundwater less than 50 feet).  All sites with dissolved MtBE concentrations exceeding 10,000 ppb have groundwater table shallower than 75 feet (see Table 4, and Chart 7).  

Table 4.  Correlation of MtBE Occurrence with Depth-to-Water

	DTW
	#  Sites MTBE Not Detected
	# Sites with MtBE Detections in Groundwater
	Total 

Number of Sites
	Percent

	
	
	<5 ppb
	5-100 ppb
	100-1,000 ppb
	1,000-10,000 ppb
	>10,000 ppb
	
	

	<25’
	17
	9
	8
	6
	2
	4
	46
	39%

	25-50’
	12
	2
	7
	3
	1
	2
	27
	23%

	50-75’
	11
	1
	4
	0
	2
	3
	21
	18%

	75-100’
	9
	0
	3
	0
	1
	0
	13
	11%

	100-125’
	6
	1
	0
	1
	0
	0
	8
	7%

	>125’
	0
	1
	1
	0
	0
	0
	2
	2%

	Total
	55
	14
	23
	10
	6
	9
	117
	100%

	Percent
	47%
	12%
	20%
	8%
	5%
	8%
	100%


3.2 Other Oxygenates, TPHg, and Benzene Occurrence 

Detection frequency data for oxygenates, TPHg, and benzene are compiled in Table 5, and illustrated in Charts 8 (groundwater), and 9 (soil). 

Table 5.  Other Oxygenates, TPHg, and Benzene Occurrence

	Compound
	GROUNDWATER
	SOIL

	
	#Sites   Sampled
	# Sites with Detections
	Percent
	#Sites   Sampled
	# Sites with Detections
	Percent

	MtBE
	117
	62
	53%
	43
	16
	37%

	TBA
	114
	13
	11%
	34
	9
	26%

	EtBE
	115
	1
	1%
	34
	0
	0%

	DIPE
	114
	0
	0%
	34
	0
	0%

	TAME
	115
	5
	4%
	34
	0
	0%

	1,2-DCA
	50
	1
	2%
	24
	0
	0%

	EDB
	43
	0
	0%
	23
	0
	0%

	TPHg
	51
	30
	59%
	35
	11
	31%

	Benzene
	54
	20
	37%
	35
	2
	6%


Other oxygenates were detected in groundwater much less frequently than MtBE, and were generally nondetectable in soil (except for TBA).  TBA was detected in groundwater at 11% of sampled sites (Chart 10), and in soil at 26% of sampled sites.  Dissolved TBA concentrations ranged from 5 ppb to 62,000 ppb and generally were within the same range as dissolved MtBE concentrations at the same site (Chart 11).  TAME was detected in groundwater at few sites at concentrations ranging from 5 ppb to 2,500 ppb.  EtBE, and 1,2-DCA were detected in groundwater sporadically (only at one site), and EDB and DIPE were not detected at any site.  With the exception of MTBE and TBA, oxygenates were not detected in soil at any site. 

TPHg and benzene were detected in groundwater at 59% and 37% of sampled sites, respectively (Charts 12 and 14, respectively). Approximately 25% of the sites that have had groundwater sampled for both MtBE and TPHg reported detections of MtBE but not TPHg (Chart 13).  Twice as many sites had MtBE detections only, than MtBE and benzene (Chart 15).  

3.3 Correlation of MtBE Occurrence with UST System Features

One of the secondary objectives of this project was to assess whether a particular component or feature of the UST system is more or less likely to be associated with an increased likelihood of MtBE leak.  A comparison was conducted between those sites with detections of MtBE and those sites without detections of MtBE to assess for correlation between UST system components and occurrence of leaks.  Table 6 lists UST system features that were compared and the results of that comparison.

Table 6. MtBE Detections Relative to Facility Characteristics

	Parameter
	Number of Sites Analyzed
	Sites with MtBE Impact*
	%

	Site leak history

· No prior releases

· Prior releases reported (closed UST case)

· Recent significant release at site with no prior releases

· Recent significant release at closed UST site
	125

125

33

92
	33 of 125

92 of 125

12 of 33

26 of 92
	26%

74%

36%

28%

	Release location

· USTs

· Dispensers

· Product lines

· Vapor recovery line

· Inconclusive
	38

38

38

38

38
	7 of 38

6 of 38

1 of 38

1 of 38

23 of 38
	18%

16%

3%

3%

60%

	UST installation year

· 1978-1985

· 1986-1994

· 1995-2003
	20**

56

37
	8 of 20

16 of 56

12 of 37
	40%

29%

32%

	UST construction

· Single-wall

· Double-wall
	10

103
	5 of 10 

31 of 103
	50%

30%

	UST material

· Fiberglass

· Steel/Fiberglass

· Steel
	59

51

3
	20 of 59

15 of 51

1 of 3
	34%

29%

33%

	Piping construction

· Single-wall

· Double-wall
	3

110
	2 of 3

34 of 110
	66%

31%

	Piping material

· Fiberglass

· Steel

· Steel/Fiberglass

· Geoflex
	103

1

4

5
	30 of 103

1 of 1

3 of 4

2 of 5
	29%

100%***

75%

40%

	Piping Delivery System

· Suction

· Pressure
	22

47
	7 of 22

17 of 47
	32%

36%

	Vapor Recovery System

· Balanced

· Assisted

· Gilbarco

· Dresser Wayne

· Hasstech

· CSLD
	74

36

20

13

2

1
	20 of 74

13 of 36

9 of 20

3 of 13

1 of 2

0 of 1
	27%

36%

45%

23%

50%***

0%***


*      Sites with new leaks (opened as new LUST cases)

**    Includes one site with unknown date of UST installation

***  Very small sample
4.  Comparison of this Project and Pilot Study Results.

The results of this project are generally consistent with the results of previous studies, although relatively fewer sites have had significant MtBE releases (Table 7).  In contradiction to the results of the pilot study this project results indicated that the likelihood of groundwater contamination by MtBE is related to the depth of groundwater table.  The data indicated that groundwater contamination was detected less frequently at sites with deeper groundwater table (see Table 5 in Section 3).  

Table 7.  Comparison of This Project and Pilot Study Results – Oxygenates in Groundwater

	Compound
	Pilot Study Results
	This Project Results

	
	Sites with Detections
	%
	Sites with Detections
	%

	MtBE
	13 of 28
	46%
	62 of 117
	53%

	MtBE>1000ppb
	5 of 28
	18%
	15 of 117
	13%

	TBA
	3 of 28
	11%
	13 of 114
	11%

	TAME
	2 of 28
	7%
	5 of 115
	4%

	EtBE
	1 of 28
	3.5%
	1 of 115
	1%

	DIPE
	0 of 28
	0%
	0 of 114
	0%


5.  Findings 

The project data have been analyzed and the results compared with the results from previous studies.  The findings are presented below.

5.1 Findings related to MtBE and Other Oxygenates Occurrence

· Approximately 55% of  “high threat sites” have been impacted by MtBE.  The results of this project are generally consistent with the results of previous studies, although relatively fewer sites have had significant MtBE releases.  

· Low MtBE concentrations at several sites appear to be related to older releases that had been investigated and concluded to pose no significant environmental risk. 

· Approximately 30% of “high threat sites” had new releases undetected by existing leak detection systems.  Approximately 1/3 of the sites with the new releases had no history of previous leaks.  

· Other oxygenates have been detected in groundwater beneath “high treat sites” less frequently than MtBE.

· TBA has been detected in groundwater at 11% of “high threat sites”.  All sites contaminated by TBA were also impacted by MtBE at the same range concentrations.

· EtBE and TAME have been detected sporadically in groundwater at “high threat sites”, and DIPE has not been detected at any site.  These oxygenates have not been detected in soil at any site.

· At several sites MTBE was detected while TPHg and benzene were nondetectable.  The greater frequency of MtBE detections relative to TPHg and benzene likely results from greater solubility and mobility of MtBE in groundwater, its slower natural attenuation rate, and possible vapor release and migration in the vapor phase.

· MtBE impact to groundwater appears to be related to the depth of groundwater table.  MtBE has been detected more frequently in groundwater at sites with depth to first groundwater of less than 50 feet.  None of the sites with MtBE concentrations exceeding 10,000 ppb had depth to groundwater table greater than 75 feet.  This conclusion contradicts the pilot study finding, which indicated that there is no correlation between the depth to groundwater and MtBE detection in groundwater.    

· Groundwater sampling appears to be a more reliable method than soil sampling when investigating for potential MtBE or other oxygenates contamination. 32% of sites had no MtBE detections in soil while groundwater was contaminated, and only 2.5% of sites had detections of MtBE in soil while groundwater was clean.      

5.2. Findings Related to Facility Characteristics

· Older UST systems (installed before 1985) are more likely to be associated with significant undetected MtBE releases than newer systems.

· Significant releases of MtBE have been detected more frequently at sites with no former leak history than at formerly closed LUST sites.    

· UST systems with a single-wall component (either tank or piping) are twice as likely to have an undetected MtBE leak than double-wall systems (however, this might be influenced by the age of the system as the majority of single-wall systems are older systems).

· Results of this project did not reveal a correlation between UST material and likelihood of MtBE occurrence in groundwater.  However, higher MtBE detections appear to be associated with steel piping (75%) than with fiberglass (29%) or Geoflex (40%) piping.

· The project results did not reveal a strong correlation between the type of the piping delivery system (suction/pressure) and MtBE occurrence in groundwater.

· The project results indicated that there is a correlation between the type of a vapor recovery system and frequency of detections of MtBE in groundwater.  The assisted systems appear to be associated with a higher leak occurrence (36%) than balanced systems (27%).  Among the assisted system makes Gilbarco had a higher leak occurrence (45%) than Dresser Wayne (23%).  Other system makes (Hasstech, CSLD) were represented in small numbers, therefore, the results are not reliable.  

6. Conclusions

The project objectives have been met.  Fuel releases that have gone undetected by existing leak detection systems were identified at 38 sites.  These sites have been opened as LUST cases by the SCVWD, and environmental investigations have been initiated at the sites.  MtBE monitoring helped to identify ongoing leaks and initiate site investigation and cleanup before the plume has reached a drinking water source (in one case a public water supply well located approximately 280 feet downgradient of the leaking UST). 

The results of this study indicate that the effectiveness of the existing leak detection systems is limited, and additional measures shall be implemented to adequately protect drinking water resources in sensitive areas.  Periodic groundwater monitoring appears to be a preferred method to identify releases that have gone undetected by conventional leak detection systems.  Periodic groundwater monitoring would help to identify the former MtBE releases that could continue to be a serious threat to groundwater quality, as well as recent fuel releases that have gone undetected by the existing leak detection systems. 
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