
ABOUT THE 3-D MICROEMULSION® ELECTRON DONOR
3-D Microemulsion, manufactured by REGENESIS Remediation Technologies, USA, is 
an injectable electron donor emulsion that is comprised of a completely new molecular 
structure incorporating proven Hydrogen Release Compound (HRC®) technology 
ZKLFK�LQFRUSRUDWHV�D�XQLTXH�DQG�SDWHQWHG�PROHFXOH����'�0LFURHPXOVLRQ�LV�VSHFL¿FDOO\�
GHVLJQHG�WR�SURYLGH�WKH��FRQWUROOHG�UHOHDVH�RI�WKUHH�KLJKO\�HI¿FLHQW�HOHFWURQ�GRQRUV�
including lactic acid to drive the enhanced reductive dechlorination process.

3-D Microemulsion produces a sequential, staged release of its electron donor 
components (Figure 4). This staged fermentation provides an immediate, mid-range 
and long-term, controlled-release supply of hydrogen (electron donor) to fuel the 
reductive dechlorination process.
Stage 1 - the immediately available free lactic acid (lactate) is fermented rapidly
Stage 2 - the controlled-release lactic acid (polylactate ester based portion) is metabolized at a more controlled rate
Stage 3 - the free fatty acids and fatty acid esters are converted to hydrogen over a mid to long-range timeline giving 3-D 
0LFURHPXOVLRQ�DQ�H[FHSWLRQDOO\�ORQJ�HOHFWURQ�GRQRU�UHOHDVH�SUR¿OH

ABSTRACT
$�ODUJH�FKORULQDWHG�VROYHQW�UHOHDVH�ZDV�LGHQWL¿HG�QHDU�D�FRPPHUFLDO�GU\�FOHDQLQJ�IDFLOLW\�WKDW�KDV�EHHQ�
in operation since 1966 in Santa Rosa, California.  Contaminants were migrating off-site and beneath 
a nearby elementary public school. Groundwater sampling measured concentrations of the chlorinated 
compounds perchlorethene (PCE) as high as 4,100 µg/L and trichloroethene (TCE) as high as 120 
µg/L resulting in immediate remedial action. This site is unique in that it is covered by the California 
State Superfund under the direction of the DTSC and within the jurisdiction of the North Coast Regional 
Water Quality Control Board (RWQCB). The remediation goal was to reduce the PCE and TCE 
levels to below the California maximum contaminant level (MCL) of < 5 µg/L in all monitoring wells. To 
achieve this goal, in situ, enhanced anaerobic bioremediation (EAB) was used to biologically degrade 
the dissolved-phase chlorinated plume. In order to effectively facilitate the EAB process, an injectable 
VXEVWUDWH�ZLWK�D�XQLTXH���VWDJH�HOHFWURQ�GRQRU�UHOHDVH�SUR¿OH�ZDV�UHTXLUHG�DQG�VHOHFWHG�IRU�DSSOLFDWLRQ�
via mobile direct-push injection. This presentation will discuss the site, the treatment approach and the 
overall performance results. 

RESULTS
• Within two months, the performance monitoring data indicated that VOC concentrations had decreased in 7 of the 8 

monitoring wells 

• 2QH�ZHOO��0:����VKRZHG�DQ�LQFUHDVH�LQ�FRQWDPLQDQW�FRQFHQWUDWLRQV��7KLV�XQFKDUDFWHULVWLF�LQFUHDVH�ZDV�LGHQWL¿HG�WR�EH�
WKH�UHVXOW�RI�GLUHFW�LQMHFWLRQ�DFWLYLWLHV�DQG�WKH�PRELOL]LQJ�RI�DQ�XQLGHQWL¿HG�SRFNHW�RI�SXUH�3&(�ZKLFK�DFFXPXODWHG�QHDU�D�
sewer line 

• The area impacted by chlorinated solvents in groundwater decreased by approximately 70% within the testing period 
following substrate injection (Figure 3)  

• The decrease in both total molar concentration and impacted plume indicate that the enhanced bioremediation application 
is successfully destroying contaminant mass in situ�DQG�LV�HIIHFWLYHO\�UHGXFLQJ�RYHUDOO�VLWH�ULVN�DQG�HQYLURQPHQWDO�OLDELOLW\ 

• URS and the DTSC are currently reviewing the data and determining what the next steps are for treating the PCE source 
DUHD�WKDW�ZDV�UHFHQWO\�LGHQWL¿HG

SITE REMEDIATION
Site geology/hydrogeology consisted of interbedded layers of clay with silty sand stringers 
XQGHUODLQ�E\�D�WKLFN�GHQVH�FOD\�DTXDWDUG��7KH�GHSWK�RI�WKH�ZDWHU�WDEOH�LQ�WKH�VRXUFH�DUHD�ZDV�
DSSUR[LPDWHO\������IHHW�EHORZ�JURXQG�VXUIDFH�DQG�WKH�VDWXUDWHG�WKLFNQHVV�RI�WKH�DTXLIHU�UDQJHG�
IURP������IHHW��9HUWLFDO�SUR¿OLQJ�GDWD�FROOHFWHG�ZLWKLQ�WKH�VRXUFH�DUHD�LQGLFDWHG�WKDW�3&(�DQG�7&(�
concentrations increased with depth and were highest near the sand/clay interface indicating that 
'1$3/�ZDV�OLNHO\�SUHVHQW�DW�WKLV�VLWH�DW�RQH�WLPH��

A total of 6,300 lbs. of 3-D Microemulsion and 1,080 lbs. of HRC Primer were injected in a linear 
EDUULHU�FRQ¿JXUDWLRQ�LQWR�DSSUR[LPDWHO\����GLUHFW�SXVK�SRLQWV�DFURVV�WKH�XSSHU�VHFWLRQ�RI�WKH�
plume (Figure 1).  This treatment area totaled 56,000 square feet with injection interval in a silty 
sand formation.   

PROJECT SUMMARY
A large chlorinated solvent plume was discovered in the vicinity of the Peter Pan Dry Cleaner facility 
LQ�6DQWD�5RVD��&$��)LJXUH���DQG������7KH�&DOLIRUQLD�'76&�WDVNHG�856�ZLWK�¿QGLQJ�D�VROXWLRQ�WR�WUHDW�
WKH�FRQWDPLQDWHG�DUHD�ZKLFK�FRQWDLQHG�KLJK�DPRXQWV�RI�3&(�DQG�7&(��$�SLORW�VWXG\�ZDV�XQGHUWDNHQ�
to validate the use of enhanced anaerobic bioremediation to biodegrade the primarily dissolved-
phase solvent plume. 3-D Microemulsion®, an injectable, 3-stage electron donor release material, was 
selected as the preferred bioamendment to accelerate the anaerobic biodegradation process. 

The remediation effort was covered by the California State Superfund under the direction of the DTSC 
DQG�856��6DQ�)UDQFLVFR�RI¿FH��7KLV�SURMHFW�ZDV�DOVR�ZLWKLQ�WKH�MXULVGLFWLRQ�RI�WKH�1RUWK�&RDVW�5HJLRQDO�
Water Quality Control Board (RWQCB). Elevated levels of chlorinated hydrocarbons, including PCE 
DQG�7&(��ZHUH�LGHQWL¿HG�LQ�WKH�VXEVXUIDFH�DW�WKH�GU\�FOHDQLQJ�IDFLOLW\��&KORULQDWHG�FRQWDPLQDQW�OHYHOV�DV�
high as 4,100 µg/L PCE and 120 µg/L TCE were measured and formed a plume migrating off-site and 
beneath a public school. 

The remediation goal was to reduce the PCE and TCE levels below the California maximum 
contaminant level (MCL) of <5 µg/L in all monitoring wells. To achieve this goal, in situ enhanced 
anaerobic bioremediation (EAB) was used to biologically degrade the dissolved-phase chlorinated 
plume. In order to effectively facilitate the EAB process, an injectable substrate with a unique 3-stage 
HOHFWURQ�GRQRU�UHOHDVH�SUR¿OH�ZDV�UHTXLUHG�DQG�VHOHFWHG�IRU�DSSOLFDWLRQ�YLD�PRELOH�GLUHFW�SXVK�LQMHFWLRQ�

FIGURE 1. SITE MAP WITH 3-D MICROEMULSION® INJECTION POINTS

FIGURE 2. SITE MAP AND 56,000 SQ.FT. PRE-TREATMENT PLUME AREA

3-D Microemulsion Application using Direct-Push Injection

FIGURE 4. 3-D MICROEMULSION RELEASE PROFILE

FIGURE 3. SITE MAP POST 3-D MICROEMULSION TREATMENT RESULTS IN 70% DECREASE IN PLUME 
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