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1.0 INTRODUCTION 

ERM-West, Inc. (ERM) has prepared this Remedial Design and 
Implementation Plan for B-Zone Chemical Oxidation (RDIP) to address the 
remediation of ground water in the B-Zone of the source area of the 
Hookston Station site in Pleasant Hill, California (site) (Figure 1).  This 
RDIP was prepared on behalf of the Hookston Station Responsible Parties, 
which include Union Pacific Railroad Company, Daniel C. Helix, Mary 
Lou Helix, Elizabeth Young, John V. Hook, Steven Pucell, Nancy Ellicock, 
and the Contra Costa County Redevelopment Agency.  Environmental 
investigations and remediation activities for the Hookston Station site 
have been conducted under regulatory oversight of the California 
Regional Water Quality Control Board (Water Board).  All requirements of 
the Water Board Order Number R2-2003-0035 (16 April 2003) and 
amended Order Number R2-2004-0081 (15 September 2004) have been 
fulfilled.  A new Order (R2-2007-0009) was adopted in January 2007 for 
the Hookston Station site that focuses on the site cleanup.   

1.1 PURPOSE  

The purpose of this document is to present the detailed design plans for 
implementing in situ chemical oxidation (ISCO) for B-zone ground water 
within the source area of the site.  A separate RDIP for a zero-valent iron 
permeable reactive barrier has been submitted to the Water Board to 
address treatment of A-Zone ground water.    

1.2 DOCUMENT ORGANIZATION 

Following this introduction, this document is divided into the following 
sections:  

• Section 2.0 details the remedial action objectives (RAOs) for ground 
water and the areas of concern; 

• Section 3.0 summarizes the ISCO technology and pilot study results; 

• Section 4.0 describes the proposed ISCO system; 

• Section 5.0 presents the health and safety protocol for the ISCO 
program; 

• Section 6.0 summarizes the transmittal of remediation status reports; 
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• Section 7.0 summarizes the project schedule; and 

• Section 8.0 presents the references used in this document. 

Figures, tables, and appendices follow Section 8. 

Detailed descriptions of site characteristics, including site geology and 
hydrology, are presented in the Remedial Investigation (RI) (ERM, 2004) 
and Feasibility Study (FS) (ERM, 2006). 
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2.0 REMEDIATION OBJECTIVES 

This section summarizes the selected RAOs for ground water and the 
location and extent of the areas of concern.   

2.1 REMEDIAL ACTION OBJECTIVES 

The FS established the following two RAOs for ground water:  

• Protect human health by preventing possible future consumption of or 
contact with ground water containing chemicals above risk-based 
cleanup goals originating from the Hookston Station Parcel.  Future 
extraction of VOC-impacted ground water for beneficial uses (e.g., 
domestic, municipal, or industrial water supply) would not occur until 
the final ground water cleanup goals are achieved. 

• Achieve restoration of ground water impacted by chemicals that 
originate from the Hookston Station Parcel for existing and potential 
beneficial uses. 

The first RAO listed above is being met through the use of institutional 
controls, including well permit restrictions within the impacted area, and 
removal of private wells used for lawn irrigation.  The B-Zone ISCO 
program is being implemented to address the second RAO listed above.  
Water Board Order R2-2007-0009 established California Maximum 
contaminant levels (MCLs) as the appropriate remedial goals for ground 
water restoration.  A summary of ground water cleanup goals for the site 
is provided in Table 1. 

2.2 LOCATION AND EXTENT OF AREAS OF CONCERN 

Delineation of volatile organic compounds (VOCs) in ground water has 
been accomplished by extensive soil, soil gas, and ground water sampling 
at the site.  Ground water samples were collected during the RI and 
previous investigations from permanent monitoring wells, soil borings, 
and direct-push locations for VOC, semi volatile organic compound, 
dissolved metals, and petroleum hydrocarbon analyses.  Ground water 
samples are routinely collected from 44 permanent monitoring wells for 
VOC analyses.  Ground water sampling locations, summary data tables, 
and laboratory analytical reports are included in the RI Report and 
semiannual monitoring reports.   
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Trichloroethene (TCE) has been identified as the primary compound of 
concern in ground water.  As discussed in the FS, the ISCO program will 
target the highest concentration area near the southwestern portion of the 
site, starting beneath the building at 199 Mayhew Way (Figure 2).  The 
area of proposed treatment is approximately 52,700 square feet. 

Impacted ground water has been divided into two primary zones, the 
A-Zone and the B-Zone.  The A-Zone is generally characterized by fine-
grained deposits of clay, silts, and silty sands, extending from near the 
ground surface to approximately 30 to 45 feet below ground surface (bgs).  
The B-Zone consists primarily of coarser-grained sands, which extend 
from the bottom of the A-Zone to generally about 55 to 60 feet bgs.  The  
A-Zone chemical impacts will be addressed by a permeable reactive 
barrier, and the B-Zone chemical impacts will be addressed by ISCO. 
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3.0 IN SITU CHEMICAL OXIDATION 

The following sections summarize in situ chemical oxidation (ISCO) 
technology, present site-specific pilot study results, and discuss the 
proposed ISCO system.   

3.1 IN SITU CHEMICAL OXIDATION TECHNOLOGY 

The selected remedy for the source area ground water includes in situ 
potassium permanganate (KMnO4) oxidation.  This remedy was selected 
because it has been proven to reduce chlorinated VOC concentrations at 
the site (during pilot studies as described in Section 3.2) and it is the most 
cost-effective oxidant available.  Other oxidants may be used in the future 
based on long-term performance of the system.   

3.1.1 Technology Description 

ISCO is a technology that involves the placement of an oxidant into the 
subsurface to react with the chlorinated ethenes.  The primary chemicals 
of concern in site ground water (TCE and breakdown products such as 
cis-1,2-dichloroethene [DCE] and vinyl chloride) are all chlorinated 
ethenes.  The potential benefits from ISCO include in situ chemical 
destruction, relatively low cost, reliability, simplicity, and rapid treatment.  
However, site-specific constraints must be considered.  Efficient oxidation 
depends on the effective contact between oxidant and chemical.  
Subsurface heterogeneities, preferential flow paths, and poor mixing in 
the subsurface may result in inefficient treatment.  In addition, high levels 
of other oxidizable substances in the treated zone, such as other soil 
organic material and reduced-state metals, can affect the treatment 
efficiency and effectiveness by the consuming oxidant. 

KMnO4 is typically delivered into the water-bearing zone as a water-based 
1 to 5 percent solution by weight.  KMnO4 reacts rapidly with the carbon 
double bonds in chlorinated ethenes, oxidizing the chlorinated ethenes to 
carbon dioxide and chloride ions.  The end products of the reaction of 
KMnO4 with chlorinated ethenes are carbon dioxide, water, hydroxide 
ions, potassium ions, manganese dioxide, and chloride ions.   
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3.1.2 Potential Impact to Ground Water 

The end products of the reaction of KMnO4 with chlorinated VOCs are not 
expected to cause a detrimental impact to ground water quality.  Upon 
dissolution, permanganate ions cause the solution to turn purple, which 
provides an indicator mechanism of chemical activity.  When the 
permanganate is reduced upon reaction with organic matter, it forms 
manganese dioxide, which is an insoluble brown precipitate under most 
conditions.  In some cases, the manganese dioxide precipitate can cause a 
slight reduction of porosity in the treatment area (Environmental Security 
Technology Certification Program, 1999).  However, precipitated 
manganese dioxide is not expected to inhibit ground water flow at the low 
concentration of KMnO4 that will be injected (Interstate Technology and 
Regulatory Council [ITRC], 2005).   

The altered oxidation state of the subsurface as a result of injected oxidant 
can cause the mobilization of metals (such as hexavalent chromium) that 
are more soluble, and potentially more toxic, in their oxidized state.  Due 
to an induced oxidative state and slightly increased pH resulting from the 
presence of KMnO4 in ground water, some chromium may oxidize to the 
hexavalent form and become mobile.  This transformation is highly 
dependent on the pH and oxidation-reduction potential (ORP) of the 
ground water.  The effect on permanganate treatment on dissolved 
hexavalent chromium was investigated during the treatability study 
performed during the Chemical Oxidation Pilot Study (Appendix A).  
There was no evidence of significant transformation of soil-bound 
chromium to dissolved chromium observed during the test on site soils. 
Low levels of dissolved total chromium and chromium VI were witnessed 
in MW-11B in the IP-1 area and in TW-1 in the IP-2 area.  Currently, there 
is no established MCL or Public Health Goal for hexavalent chromium.  
The California MCL for total chromium is 50 micrograms per liter (µg/L).  
The highest dissolved chromium concentration measured in the pilot 
study areas was 2.4 µg/L.  In addition, as described below, no hexavalent 
chromium was observed during the pilot study. 

The raw material used for this technology is technical grade, solid KMnO4.  
This is the same material used in drinking water and wastewater 
treatment, and its composition is regulated by the American Water Works 
Association.  It is possible that the material used could contain trace 
amounts of impurities from the manufacturing process.  These impurities 
could include toxic heavy metals such as chromium and mercury at very 
low concentrations.  One manufacturer of KMnO4 lists typical values of 
the three regulated impurities as less than 5.0 milligrams per kilogram 
(mg/kg) cadmium, less than 20 mg/kg chromium, and less than 
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0.5 mg/kg mercury.  With the concentration of KMnO4 to be injected into 
the ground water, the resulting concentrations of these three metals will 
be insignificant.  As the injectate disperses and mixes with ground water 
immediately surrounding the injection location, the resulting 
concentrations will decrease further.   

For verification, a sample of the raw material will be analyzed for 
impurities prior to injections.  The raw KMnO4 product will be obtained 
from Carus Corporation, and is designed for in situ treatment of ground 
water.  Carus Corporation has extensive experience providing oxidant for 
ground water treatment applications.  The raw permanganate is delivered 
with a certificate of analysis.  The reagent fact sheet, included in Appendix 
B, provides a general description of the types and quantities of impurities 
generally found in the raw permanganate powder. 

3.2 IN SITU CHEMICAL OXIDATION PILOT STUDY 

In October 2003, a bench-scale treatability test was conducted to determine 
the effectiveness of KMnO4 and sodium persulfate (NaS2O8 ) to oxidize 
TCE in site soils.  A pilot test using injection of KMnO4 was conducted in 
two areas of the site from April to July 2007.  The purpose of the test was 
to evaluate the effectiveness of KMnO4 at treating chlorinated VOCs in 
source area ground water and to obtain initial parameters for system 
design.  The following sections summarize the test results. The pilot study 
is fully described in Appendix A. 

3.2.1 Bench-Scale Treatability Test 

ERM performed a bench-scale test to collect data for design of the pilot 
study.  Two different composite soil samples were used in these analyses, 
designated as “shallow” and “deep.”  The “shallow” soil sample was a 
composite from MW-13B, MW-13A, and B-68 at depths of 23, 18.5 and 
17.5-18.5 feet bgs, respectively.  A “deep” soil sample was a composite 
from MW-12B and B-68 at a depth of 53 feet bgs from both locations.  The 
shallow sample was representative of B-Zone impacts (which were 
notably finer-grained than other portions of the site) near the upgradient 
margin of the TCE plume.  The deeper sample was representative of the  
B-Zone sands present further down the axis of the B-Zone plume, near 
MW-13B.  During the bench test, a 5 percent KMnO4 solution was added 
to 25 grams of wet-weight processed site soils to create concentrations 
ranging from 1 to 500 mg of KMnO4 per test tube.  The test tubes were 
mixed over a 15-day reaction period, after which the color, ORP, and pH 
were recorded.  NaS2O8 was added to test tubes containing 200 grams of 
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wet-weight processed soil and 300 milliliters of distilled water at ratios 
equivalent to 5 times and 20 times the stoichiometric demand of the 
assumed concentration of chemicals.  An iron catalyst, at 100 mg/kg, was 
added and the tubes were placed on a shaker table.  After 7 and 14 days, 
the slurries were analyzed for pH, ORP, and residual NaS2O8. 

The bench test demonstrated that: 

• The “shallow” soil composite exhibited a total permanganate demand 
of 4 to 7 pounds per cubic yard (lb/cy) of soil and a total persulfate 
demand of 6 to 27 lb/cy; and 

• The “deep” soil composite exhibited a total permanganate demand of 
0.5 to 1 lb/cy and a total persulfate demand of 6 to 28 lb/cy. 

Both permanganate and persulfate were successful in oxidizing 
chloroethenes, therefore the choice between the oxidants typically centers 
around two key issues: (1) ease of implementation, and (2) economics of 
use.  For ease of implementation, permanganate treatment is in general 
superior to persulfate oxidation because permanganate solutions are 
chemically stable, react without the need for catalysts, and the pink to 
purple color of these solutions is helpful in easily determining if the 
oxidant is present.  Assuming that the chemical demand results reported 
above are representative of the site, permanganate treatment is less 
expensive than persulfate treatment on the basis of chemical cost per cubic 
yard of treated soil.   

For these reasons, potassium permanganate was selected as the oxidant of 
choice for the ISCO program. 

3.2.2 Pre-Design Investigation 

Two borings were advanced using cone penetrometer testing (CPT) and 
membrane interface probe (MIP) in the two injection areas (IP-1 and IP-2) 
to assess vertical distribution of lithological layers and chemicals in the 
areas. 

The depth intervals treated during the pilot study were based on the CPT 
and MIP sampling completed in the vicinity of injection point locations IP-
1 and IP-2.  Boring CPT-35 was completed at the proposed location of IP-1, 
and boring CPT-48 was completed at the proposed location of IP-2.  Based 
on the CPT and MIP results, the target depths for treatment were 38 to 48 
feet bgs at IP-1 and 35 to 55 feet bgs at IP-2.  The targeted treatment 
interval at IP-2 consisted of sandy silts from approximately 35 to 45 feet 
bgs and sands from approximately 45 to 55 feet bgs.  Injection point IP-1 
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consists primarily of sandy silts between 38 and 48 feet bgs.  The results of 
the CPT investigation are included in Appendix A and summarized on 
Figure 4. 

3.2.3 Pilot Study 

Following completion of the bench scale treatability testing and CPT and 
MIP investigation, ERM performed a pilot study in the vicinities of 
monitoring wells MW-11B and TW-1 to evaluate effectiveness of in situ 
ground water treatment using a KMnO4 solution.  The pilot study 
consisted of the following activities: 

• Baseline Sampling – Pre-injection samples were collected from the four 
monitoring wells in the injection areas (MW-11B and MW-12B in the 
IP-1 Area and MW-13B and TW-1 in the IP-2 Area).  Field 
measurements (e.g., pH, ORP, turbidity) were recorded and samples 
were analyzed for VOCs and dissolved metals.  In addition, VOC 
analysis was also performed on ground water samples collected 
during the CPT investigation. 

• Chemical Injection – Two injection points were installed at the IP-2 
Area (IP-2S and IP-2D) to address the two different soil types.  
Injection points IP-1 and IP-2S each received 2,800 gallons of 2 percent 
KMnO4 solution.  An additional 700 gallons was injected at IP2-D.   

• Performance Monitoring – Four sampling events were completed (at 
approximately 1 day, 2 weeks, 4 weeks, and 8 weeks) following the 
injections.  Samples were inspected visually for pink or purple color.  
Field measurements (e.g., pH, ORP, turbidity) were recorded and 
samples were analyzed for VOCs and dissolved metals. 

3.2.4 Pilot Study Results and Conclusions 

Field observations and chemical analyses during the pilot test supports 
use of ISCO for B-Zone treatment at the site.  Detailed results of the pilot 
study are provided in Appendix A.  Primary findings are provided below: 

• Significant reductions in ground water VOC concentrations were 
observed during the pilot study.   

• Dissolved KMnO4 solution can be effectively mixed on site and 
delivered into the impacted portions of the aquifer at the site. 

• KMnO4 presence is readily observable because ground water becomes 
purple when in contact with the injected oxidant solution. 

• Ground water samples that exhibit a purple hue report nondetectable 
concentrations of TCE. 
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• The hydraulic radius of influence, which defines the cylinder that 
groundwater is initially displaced from by the injected permanganate 
solution, was approximately 10 feet.  This value is as much as 70 
percent greater than the calculated theoretical hydraulic radius of 
influence. 

• The permanganate solution, at 2 percent strength and approximately 
3,300 gallons, traveled 20 to 25 feet downgradient of the injection 
point during a relatively short period of monitoring. 

• Minimal cross-gradient migration was observed. 

• The 2 percent KMnO4 solution had a residence time of approximately 
6 to 8 weeks in the initial area of influence. 

• Within some of the continuous sandy intervals, oxidant solution 
migrates with the ground water flow at a rate of 1.2 to 1.8 feet per day. 

• Estimated field soil oxidant demand (SOD) is generally higher than 
that determined during the treatability study, but is still low enough 
that an ISCO treatment program is economically feasible. 

Attempts at IP-2 to treat the silty sands (within the deeper portions of the 
A-Zone, where high chemical concentrations were observed during the 
pre-design investigation) revealed that this layer is difficult to treat.  This 
is partly due to the lower effective porosity and permeability of the silty 
sands, which reduce the effective distribution of the oxidant.  Also, the 
SOD in the silty-sand layer is much greater than in the underlying sands, 
resulting in rapid consumption of KMnO4.  For these reasons, ISCO 
treatment will focus only on the coarse-grained B-Zone sand units within 
the proposed area of treatment. 
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4.0 IN SITU CHEMICAL OXIDATION PROGRAM DESCRIPTION 

As described in the FS, the ISCO remedial design includes a phased 
implementation schedule.  The phased approach will allow the 
introduction of KMnO4 into the impacted ground water, followed by 
monitoring of VOC concentrations and the by-products of the reaction.   

KMnO4 oxidation will be implemented as follows: 

• Install five permanent injection wells along the upgradient boundary 
of the proposed treatment area, to be used for periodic injection events. 

• Install five monitoring wells within the proposed treatment area to 
monitor the chemical oxidation performance. 

• Inject KMnO4 as a 2 percent, water-based solution into the injection 
wells and approximately 127 temporary injection points using a direct-
push (GeoProbe) injection rig.  

• Monitor ground water within the proposed treatment area at selected 
monitoring wells.   

• Repeat permanganate injection events and performance monitoring. 

The following subsections describe the steps in more detail. 

4.1 INJECTION METHOD AND LOCATIONS 

Injection points will be installed with a GeoProbe rig.  Permanent 
monitoring wells and injection wells will be installed with hollow-stem 
auger drilling techniques.  Standard operating procedures for well 
installation are provided in the Phase I Remedial Investigation Sampling and 
Analysis Plan (ERM, 2000). 

4.1.1 Injection Point Construction Details 

KMnO4 delivery depth intervals were determined based on soil 
stratigraphy information from previous phases of investigation.  Injection 
wells and monitoring wells will be continuously cored and logged, thus 
providing information to determine the proper screen interval for 
permanganate delivery and monitoring.  The stratigraphic information 
obtained during installation of the injection wells and monitoring wells 
will be considered when determining the target injection depth interval 
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for the temporary injection points (Figure 2).  Existing stratigraphic data 
are shown on Figure 4. 

4.1.1.1 Temporary Injection Points 

Within the area of proposed treatment, the targeted B-Zone sand layer is 
approximately 10 feet thick, with a base at about 55 feet bgs.  The 
temporary injection points will be advanced such that the chemical 
oxidant is injected into the 45 to 55 feet bgs zone.   

The temporary injection points will be installed using common direct-
push drilling equipment and methods.  At the concentration proposed for 
this program, KMnO4 is compatible with carbon steel, which is the 
preferred tooling for this work.  Standard, 2⅛-inch-diameter, hollow, 
direct-push rods will be used.  A contractor with specialized equipment 
for injecting permanganate solutions will perform the injections as 
summarized below: 

• The direct-push rig will advance a drive rod to an appropriate depth 
within the B-Zone aquifer (approximately 55 feet bgs). 

• After reaching the bottom of the borehole, the drive rod will be 
retracted by approximately 1 foot, exposing a specialized injection tip 
that creates a horizontal injection.  Figure 3 presents a diagram of the 
drive rod and injection procedure. 

• The solution will then be pumped into the borehole, in 1-foot intervals, 
based on the chemical dosing requirements. 

• If the subsurface is unable to receive the prescribed dose in a 
reasonable timeframe, additional injection point(s) will be advanced 
within 2 to 3 feet of the injection point to facilitate the lateral 
distribution of the oxidant. 

• At the completion of each injection, the boring will be abandoned by 
grouting from the bottom to the surface with a cement/bentonite 
slurry.  The surface of each borehole will be restored as closely as 
possible to its original condition.  The location will then be marked and 
surveyed at a later date by a California-licensed land surveyor.  

The above procedure may be modified in the field based on site 
conditions, as necessary.  The total injection volume and location of each 
borehole will be noted in the field logbook. 
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4.1.1.2 Injection Wells 

Five injection wells will be installed near the upgradient edge of the 
treatment area.  These wells will be located along the western edge of  
199 Mayhew Way (Figure 2).  Based on current site information, it is 
anticipated that the injection wells will be screened from 45 to 55 feet bgs, 
although this interval may be modified based on soil coring results.   

4.1.1.3 Monitoring Wells 

Five monitoring wells will be installed in and around the treatment area.  
The proposed locations of these wells are shown in Figure 2.  

4.1.1.4 Temporary Injection Point Locations 

Approximately 127 temporary injection points will be used to deliver the 
permanganate solution.  Ideally, these injection points will form a grid 
throughout the treatment area on approximate 20-foot centers in an offset, 
close-packed arrangement (Figure 2).  However, numerous underground 
utilities are present within the injection area, and it is likely that some of 
the proposed injection probe locations may need to be moved or 
eliminated based on our ability to safely access these locations.  All direct-
push borings will be manually cleared using a hand auger prior to 
machine probing.  Worker safety is the top priority during this operation.   

4.1.2 Injection and Monitoring Well Surveying 

Following installation, the northing and easting coordinates for each well 
will be surveyed to the nearest 0.1 foot.  In addition, the top of the well 
casings will be established to the nearest ±0.01 foot vertically. 

4.1.3 Description of Injection Program 

The injection program will be completed with five injection events.  
Performance monitoring will be conducted after each injection event.  The 
results of the performance monitoring will help dictate the location of 
injection points for subsequent injection events and the mass of 
permanganate to be delivered during those events. 

Based on current information, the following injection schedule is 
proposed: 

• A full round of injections using approximately 127 temporary injection 
points and five injection wells.  A 2 percent KMnO4 solution will be 
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injected at each location.  The volumes injected are discussed in detail 
below.  This injection event will be followed by 6 months of 
performance monitoring, where samples will be collected from on-site 
B-Zone monitoring wells (10 wells) immediately after injection, 2 
months after injection, and 4 months after injection. 

• A second, full round of injections will occur approximately 6 months 
after the first round, followed by a similar performance monitoring 
period.  Once again, approximately 127 temporary injection points and 
the five injection wells will be used to distribute the permanganate 
solution to the subsurface.  It is projected that the injection volumes 
will be the same as those injected during the first injection round. 

• A series of three subsequent injection events will occur, as needed, at 
the five injection wells only.  It is anticipated that these injection events 
will be conducted 6, 12, and 18 months following the second full round 
of chemical oxidation injection.  The frequency of these injection events 
may be modified based on performance monitoring results.  
Approximately 2,000 gallons of 2 percent KMnO4 solution will be 
injected into each injection well during each event. 

In general, injections will begin in the most downgradient locations and 
proceed in the upgradient direction (i.e., southwest).  This will help 
minimize the hydrogeologic displacement of VOCs by the injected KMnO4 
solution in the source area by creating an oxidizing barrier. 

4.2 POTASSIUM PERMANGANATE INJECTION 

4.2.1 Potassium Permanganate Mass 

The goal of this remedial action is to address B-Zone chemicals in the 
portions of the on-site source area with the highest concentrations.  An 
appropriate amount of KMnO4 solution must be injected into the 
subsurface to effectively treat TCE and meet native SODs.  As described in 
Section 2.2, the treatment area is defined as the approximately 52,700-
square-foot area where TCE concentrations in ground water are highest.   

The reaction of permanganate with TCE is represented in the following 
balanced stoichiometric equation: 

2KMnO4 + C2HCl3 ---> 2CO2 + 2MnO2 + 2K+ + 3Cl- + H+ 

Based on the above balanced equation, 2 moles of KMnO4 are required 
under ideal conditions to remove 1 mole of TCE.  The estimated mass of 
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dissolved and sorbed TCE present at the site was used to calculate the 
chemical oxidant demand (COD) of KMnO4.  In addition, the SOD 
determined during the bench-scale test was also considered in calculating 
the injection volume (Table 4). 

To calculate the chemical demand for KMnO4, the treatment area was 
assumed to have a uniform concentration of 24,000 µg/L.  This value 
represents the maximum concentration observed in ground water at the 
site and is therefore considered a conservative assumption.  Based on 
previous investigations, including the CPT/MIP investigation, the 
saturated zone thickness is considered to be 10 feet.  Based on the 
assumed TCE concentrations, the chemical demand to oxidize the TCE in 
the treatment area is approximately 3,240 pounds of KMnO4 (Table 4).  

In addition to the chemical demand for KMnO4, the SOD was also taken 
into account.  During the treatability study (ERM, 2007) the SOD was 
estimated to be between 0.5 and 1 lb/cy.  In designing the pilot study and 
in subsequent theoretical calculations, an SOD of 0.75 lb/cy was used.  
However, pilot study field observations indicate that the actual SOD is 
likely higher than that value.   

The estimation of the SOD involves several assumptions: 

• Volume of permanganate consumed or retained in the A-Zone; 

• Length of KMnO4 plume migration; 

• Width of KMnO4 plume; 

• Initial average TCE concentration of influenced area; and 

• Ground water velocity in influenced area. 

Several variables factor into estimating the field SOD.  These include: 

• Observed area of KMnO4 influence in the pilot study areas; 

• Initial dissolved and soil sorbed TCE concentrations; 

• Ground water velocity; and 

• The volume of TCE injected at IP-2S that was consumed in the A-zone. 

Using what are thought to be the most reasonable estimates of these 
variables, a field SOD of 2.6 lb/cy was calculated.  Low and high estimates 
for these factors yield a field SOD range of 1 to 4.7 lb/cy.  For the purpose 
of this exercise, the reasonable case estimate of 2.6 lb/cy is used.  The 
calculation of the reasonable case field SOD value is presented in Table 2.  
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The average, low and high estimates of these variables, and the resulting 
SOD, are presented in Table 3. 

If an SOD of 2.6 lb/cy is assumed, the total demand of the treatment area 
is calculated to be 50,750 pounds of KMnO4 (Table 4).  

4.2.2 Potassium Permanganate Volume 

Based on the COD and SOD, the theoretical amount of KMnO4 required to 
treat the targeted area is 54,500 pounds.  To deliver 54,500 pounds of 
KMnO4, a volume of 320,500 gallons of 2 percent KMnO4 solution is 
needed.  During the first injection stage, a total of approximately 
187,000 gallons of 2 percent permanganate solution will be injected into 
the subsurface.  A comparable volume will be injected during the second 
injection event, resulting in a total of 374,000 gallons of 2 percent KMnO4 
solution injected into the subsurface.  Thus, after the first two injection 
events, 63,580 pounds of KMnO4 will have been injected into the B-Zone.   

The distribution of KMnO4 solution will be weighted to address areas of 
higher concentration and those with limited access (such as within the  
199 Mayhew Way structure).  Two thousand gallons will be injected into 
50 locations within the area of high concentration and into the permanent 
injection wells along the western side of 199 Mayhew Way.  One thousand 
gallons will be injected into remaining 77 injection points, which generally 
downgradient of the high concentration area.  

The injection volume will be adjusted, as necessary, for the second 
injection event based on the results of the performance monitoring.  We 
anticipate that during the subsequent three injection events, where 
permanganate is injected into only the upgradient injection wells, 2,000 
gallons of 2 percent solution will be injected into each of those wells, to 
address VOC rebound that may occur near the source area. 

4.2.3 Number of Injection Events 

As discussed above and in the results of the pilot study (Appendix A), the 
field SOD may be considerably higher than that determined during the 
treatability study.  The underestimation during the treatability study 
could be due to the ideal conditions of the bench-scale test and because 
the bench test was only conducted on a limited sub-sample of the 
treatment area.   

A volume of KMnO4 solution suitable to address an SOD on the order of 
2.6 lb/cy will be injected.  This will occur in two full-scale applications 
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and three targeted applications.  The two full-scale applications will be 
approximately 6 months apart.  The subsequent targeted applications will 
also be approximately 6 months apart. 

This strategy will allow adequate time for the fine-grained soils to desorb 
TCE between the injections.  Any rebound in ground water concentrations 
that might be associated with soil VOC desorption will be addressed by 
subsequent injections into the coarse-grained formations.  The volume 
injected per well/point may be refined and additional injection wells may 
be installed, depending on the results of performance monitoring.  
Additional injection events may also be required, should significant TCE 
desorption from fine-grained soils be observed.   

4.2.4 Injection Procedures 

Up to 2,000 gallons of solution will be injected at each injection location 
during the first application.  The solution will be transported to each 
injection location using trailer-mounted tanks.  The KMnO4 solution will 
be delivered to the targeted depths of the subsurface under pressure using 
pressure-rated hoses and fittings.   

For the temporary injection borings, a bottom-up approach will be used.  
The boring will be advanced to a depth of approximately 52 feet bgs.  The 
direct-push bit will be drawn up in 1-foot intervals to approximately 45 
feet bgs, with KMnO4 injection occurring between each rise of the drilling 
apparatus.   

The ITRC’s technical and regulatory guideline for in situ chemical 
oxidation (ITRC, 2005) describes an inverted cone distribution when equal 
volumes are delivered at each depth interval.  To achieve a more uniform 
vertical distribution throughout the target depth interval, approximately 
twice as much solution will be injected into the top 5 feet of the target 
depth interval as the bottom 2 feet.  As KMnO4 solution is denser than 
ground water, it will naturally migrate downward through the B-Zone 
sands. 

The above procedure may be modified during the injection applications, 
as necessary, based on site conditions. 

4.3 INJECTION MONITORING 

Prior to KMnO4 injection, ERM will conduct a baseline monitoring event.  
During and following implementation of the ISCO program, ERM will 
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conduct performance monitoring.  Procedures for well sampling are 
provided in the Phase I Remedial Investigation Sampling and Analysis Plan 
(ERM, 2000).  The following subsections describe monitoring procedures. 

4.3.1 Baseline Monitoring 

Prior to the initial KMnO4 injection, baseline B-Zone ground water data 
representing “pre-injection conditions” will be collected from existing 
monitoring wells (MW-11B, MW-12B, MW-13B, TW-1, and MW-08B) and 
the five new performance monitoring wells (Figure 2).  The samples will 
be analyzed in the field for: 

• General water quality parameters, including dissolved oxygen 
concentration, reduction/oxidation potential, specific conductivity, 
turbidity, temperature, and pH; and 

• Visual observation for color. 

In addition, the samples will be submitted for laboratory analysis of the 
following: 

• VOCs by United States Environmental Protection Agency (USEPA) 
SW-846 Method 8260; 

• Potassium, iron, and manganese by USEPA Methods 6010 and 6020 
(USEPA SW-846), and chloride by USEPA Method 300.0 (Methods of 
Chemical Analysis of Waters and Wastes); and 

• Dissolved chromium by USEPA SW-846 Method 6010. 

Ground water samples will be collected using standard purge and sample 
techniques, described in the Phase I Remedial Investigation Sampling and 
Analysis Plan (ERM, 2000). 

4.3.2 Performance Monitoring  

Post-injection performance monitoring will be completed at the site for 
two purposes:  to evaluate the effectiveness of the ISCO treatment and to 
monitor the downgradient migration of the KMnO4 solution within the 
source area.  The performance monitoring will be used to verify and 
adjust the permanganate injection volumes described earlier in the 
document.  In addition, the injection wells will also be monitored to 
determine residence time of KMnO4 and to assess upgradient ground 
water quality.  

For the first two injection events , samples will collected from the five new 
monitoring wells, MW-11B, MW-12B, MW-13B, MW-8B and TW-1 (a total 
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of 10 wells) immediately following the last injection of the injection event, 
then after two months and four months.  For injection events three 
through five, samples will be collected two months and four months after 
the completion of each event. 

Ground water samples will be collected for laboratory analysis using 
standard purge and sample techniques.  Turbidity, pH, ORP, dissolved 
oxygen, specific conductance, and temperature will be monitored during 
purging.  Samples will be analyzed for the same chemical parameters 
described in the baseline monitoring program. 

Six months after the fifth injection event, performance monitoring will be 
discontinued.  However, monitoring of the wells will continue as part of 
the current semiannual ground water monitoring program as needed. 

4.4 INJECTION PROGRAM EVALUATION AND MODIFICATION 

As discussed above, performance monitoring will be conducted to 
evaluate the effectiveness of the chemical oxidation treatment, including 
the area of influence achieved during the injections.  The distribution of 
KMnO4 will be evaluated following the schedule described in 4.3.2 using 
visual inspection at the injection wells and monitoring wells (Figure 2).  
The injection program may be modified in the event that TCE 
concentrations in source area ground water are not reduced below the 
remedial goal over the course of the injection program or the desired area 
of influence is not achieved.  The Water Board will be notified of any 
modifications to the injection program prior to implementation. 
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5.0 HEALTH AND SAFETY PLAN ADDENDUM 

Activities described in this RDIP will be performed in accordance with the 
current site-specific Health and Safety Plan (HASP), which is included 
within the Phase I Remedial Investigation Sampling and Analysis Plan (ERM, 
2000).  The procedures described by the plan will be implemented and 
enforced by a health and safety representative during site work.  
Compliance with the HASP will be required of all persons who enter 
restricted areas for the project. 

In addition to the existing HASP for the site, ERM has developed this 
activity-specific HASP Addendum that will address specific issues 
associated with the oxidant injection component of this pilot study.  Key 
components of the HASP are described below. 

5.1 PURPOSE OF THE HASP ADDENDUM 

• Assign site personnel health and safety responsibilities; 

• Establish process safety requirements for all equipment, including 
hazards associated with the use of strong oxidizers, flammable 
materials, and other hazards; 

• Prescribe mandatory operating procedures; 

• Establish personal protective equipment requirements for work 
activities; 

• Establish chemical handling and disposal procedures; 

• Establish emergency response procedures; and 

• Provide information on the health and physical hazards of on-site 
activities. 

The HASP Addendum complies with all federal Occupational Safety and 
Health Administration (OSHA) regulations, as applicable and 
appropriate.  In addition to the site-specific HASP, the following safety 
information regarding working with permanganate will be disseminated 
and personal protection measures implemented. 
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5.2 HAZARDS AND PROCEDURES FOR OXIDANT INJECTION 

This section describes chemical hazards associated with the use of KMnO4 
that may be encountered during implementation of the work described in 
this RDIP. 

5.2.1 Chemical Description and Symptoms of Exposure 

KMnO4 is a nonflammable but highly oxidizing solid.  It is dark purple 
and odorless.  KMnO4 in free-flowing granular form will be transported to 
the site, mixed with water to form a dilute solution of approximately 2% 
by weight, and injected into the ground water through direct-push 
injection boreholes.   

Routes of exposure are ingestion, skin and/or eye contact, and inhalation 
of KMnO4 dust crystals.  Ingestion of concentrations up to 1 percent 
causes burning of the throat, nausea, vomiting, and abdominal pain; 2 to 3 
percent causes anemia and swelling of the throat with possible 
suffocation; and 4 to 5 percent may cause kidney damage. 

Dry crystals and concentrated solutions are strong oxidizers causing 
redness, pain, severe burns, brown stains in the contact area, and possible 
hardening of outer skin layer.  Diluted solutions are only mildly irritating 
to the skin.  Eye contact with crystals (dust) and concentrated solutions 
causes severe irritation, redness, blurred vision, and can cause severe 
damage, possibly permanent.  Exposure to KMnO4 can cause lung 
irritation and central nervous system damage.  The current federal OSHA 
short-term exposure limit for KMnO4 is listed as 5 milligrams per cubic 
meter of air for manganese compounds. 

5.2.2 Level C Protection (Modified for Activities Involving KMnO4) 

Exposure to KMnO4 will be prevented through the proper use of personal 
protective equipment, including gloves, face and eye protection, and 
coveralls.  Special Level C protection is required for activities where KMnO4 

is being handled and used in solid or concentrated form.  This special Level 
C protection consists of Level D protection, plus the following: 

• Half-face respirator equipped with combination organic vapor/HEPA 
filter cartridges; 

• Full-face shields; 
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• Chemical resistant clothing (i.e., polycoated Tyvek, or Saranex), 
consisting of one-piece suits with attached hoods, booties, and elastic 
wrist bands; and 

• Outer nitrile gloves and inner latex surgical gloves. 

When only dilute KMnO4 solutions (5 percent or less) are present, no 
respiratory protection is required. 

If chemicals are splashed into the eyes, a 15-minute eye wash will be 
performed using fresh water available at the site.  Any dermal exposures 
will be immediately washed using the same running fresh water source. 

5.2.3 Procedures for Working with KMnO4 

Management practices will be implemented during use of KMnO4 that 
will reduce potential exposure, including: 

• Keeping KMnO4 containers sealed until immediately prior to use; 

• Dispensing the granular KMnO4 with as little agitation as possible; 

• Protecting the granular KMnO4 from wind; and 

• Frequently checking tightness of fittings on pressurized injection 
equipment and piping. 

In addition to presenting a health hazard, KMnO4 in the solid form used 
for this work presents a reactivity hazard if exposed to certain 
incompatible materials.  Materials incompatible with KMnO4 likely to be 
present in the same location during this work would be gasoline or diesel 
automobile or equipment fuel, ethylene glycol automotive antifreeze, and 
hydraulic fluid.  If exposed to gasoline or diesel fuel or other organic 
fluids such as hydraulic fluid, motor oil, or greases, solid KMnO4 can 
potentially initiate combustion of those materials.  If exposed to ethylene 
glycol antifreeze, the incompatibility of the solid KMnO4 can cause an 
exothermic reaction.  In addition, if solid KMnO4 is present near an 
existing fire or other heat source that raises the temperature to above 
approximately 300 degrees F, the KMnO4 can spontaneously decompose.  
This decomposition releases oxygen, which will support the existing 
combustion or potentially initiate combustion.  To prevent the reaction of 
stored or used KMnO4, the following procedures and practices will be 
followed: 

• Maintain a current material safety data sheet (MSDS) with the product 
at all times; 



 

ERM 23 HOOKSTON STATION/0020557.28 - 08/31/07 

• Require personnel responsible for transporting the KMnO4 to review 
the MSDS and become familiar with reactivity data; 

• Transport KMnO4 only in closed and sealed containers to prevent or 
reduce spillage on bumpy roads or during a traffic accident; 

• Do not store or use KMnO4 near fuels; and 

• Do not store or use KMnO4 near a heat source. 

The above hazards associated with potassium permanganate are primarily 
associated with the pure, solid form prior to dilution and injection.  The 
dilute solution of KMnO4 to be injected is an oxidant, but does not exhibit 
many of the dangers associated with the pure form.  However, the same 
procedures and practices used to prevent exposure to or reaction of the 
solid form will be used during preparation and use of the dilute solution 
of KMnO4. 
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6.0 REPORTING 

As required under Task 5 of Order No. R2-2007-0009, a report 
documenting the ISCO activities that have occurred up to that date will be 
submitted to the Water board by May 15, 2008.  This report will document 
baseline sampling, the injection well installation, the initial round of 
injections, and initial performance evaluation monitoring results. 

Data on subsequent injections and performance monitoring will be 
incorporated into and transmitted with the regularly scheduled ground 
water monitoring reports. 
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7.0 PROJECT SCHEDULE 

Implementation of this RDIP will begin following agency approval of this 
document.  Table 5 provides a schedule of events. 
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Table 1
Risk-Based Cleanup Goals 

Hookston Station 
Pleasant Hill, California

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 
for Theoretical Lifetime 

Excess Cancer Risk

Risk-Based 
Concentration for 

Selected Risk 
Management Threshold 

for Non-Cancer Risk

Soil Construction 
Worker

Direct contact with 
on-site subsurface 
soil

Appendix H of the FS 31.0 mg/kg 912 mg/kg

Ground Water Residents

Inhalation of 
chemicals released 
from ground water 
during irrigation

Appendix H of the FS 1,890 µg/L 33,900 µg/L nc 30,800 µg/L nc 61,700 µg/L nc 176,000 µg/L 49.2 µg/L 89,300 µg/L

Ground Water Residents

Swimming contact 
with ground water 
used to fill a 
backyard pool

Appendix H of the FS 1,105 µg/L 815 µg/L nc 42,700 µg/L nc 85,500 µg/L nc 155,000 µg/L 121 µg/L 19,600 µg/L

Indoor Air Residents Inhalation of off-site 
residential indoor air Appendix H of the FS 0.96 µg/m3 69 µg/m3 nc 63 µg/m3 nc 125 µg/m3 nc 357 µg/m3 0.025 µg/m3 181 µg/m3

Receptor Exposure Scenario Reference

Ground Water Human Drinking Water California MCLs for 
drinking water

Notes:
µg/L - microgram per liter
µg/m3 - microgram per cubic meter
DCE = Dichloroethene
MCL - Maximum Contaminant Level
mg/kg - milligram per kilogram
n/a - not applicable - compound was nondetect or the detected concentrations represented risk levels below the Risk Management Thresholds (Section 2.3.3 of the FS); therefore risk-based cleanup goals were not calculated
nc - noncarcinogenic
TCE = Trichloroethene
* MCLs have been selected as the final ground water cleanup goals.  However, background ground water concentrations exceed the MCLs.  Until background ground water is remediated to the MCLs by the appropriate Responsible Party(ies), background ground water concentrations will be utilized as the interim ground water cleanup goals for the downgradient study area.

0.5 µg/L n/a

Arsenic

5 µg/L 6 µg/L 10 µg/L 6 µg/L

Receptor Exposure 
Scenario Reference

ArsenicVinyl Chloride1,1-DCEtrans-1,2-DCEcis-1,2-DCETCE

n/a n/a n/a n/a n/a

n/a

n/a

n/a

TCE cis-1,2-DCE trans-1,2-DCE 1,1-DCE Vinyl Chloride

California Maximum Contaminant Levels 

Final Cleanup Goals

n/a

5 µg/L*

0.96 µg/m3

n/a

6 µg/L*

63 µg/m3

n/a

10 µg/L*

125 µg/m3

1,1-DCE Vinyl Chloride Arsenic

n/a n/a

Ground Water

Indoor Air

31 mg/kg

n/a

n/a

6 µg/L*

357 µg/m3

0.5 µg/L*

0.025 µg/m3

TCE cis-1,2-DCE trans-1,2-DCE

Soil
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Table 2
Most Reasonable Case Field SOD Calculations
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Observed Area Treated 561 ft2
TCE Concentration in Water 6300 ug/l (at well MW-11B)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 1.22 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)
Total 2% Permangante Solution Uptake (gal)= 3,300               gal
Total Permanganate Mass (lbs) 561                  lbs

Dissolved TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Volume of Water 15147 gal.
TCE Mass 0.80 lb
TCE Mass 0.006 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.01 lbmol
Stoichiometric Permanganate Need (lb) 1.91 lb

Adsorbed TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Estimated soil TCE Concentration 6300 ug/kg (or ppb)
Mass of Impacted Soil 561,000           lb
TCE Mass 3.53 lb
TCE Mass 0.027 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.05 lbmol
Stoichiometric Permanganate Need (lb) 8.50 lb

Chemical Oxidant Demand (COD) 10.42

Soil SOD TCE Uptake
Volume of Observed Impacted Soil 207.78 cy

Calculated SOD ((lbs KMnO4 added - COD)/volume) 2.6 lb/cy



Table 3
Field SOD Calculation Factors

Hookston Station
Pleasant Hill, CA

Reasonable Conservative Liberal
Length of KMnO4 Plume (ft) 10 8 12
Width of KMnO4 Plume (ft) 20 15 25
Calculated Area of Influence (ft2) 561 832 343
Initial TCE concentration (µg/L) 6,300 1,900 6,300
Groundwater Velocity (ft/day) 1.3 0 1.3
KMnO4 Volume Consumed/retained in A-zone (gallons) 200 0 1500
Calculated SOD 2.6 1 4.7



Table 4
Required KMnO 4  Calculations
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Treatment Area 52,700 ft2
TCE Concentration in Water 24000 ug/l (at well MW-11B)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 2% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 2.6 lb/cy (Pilot Study, ERM, 2007) 

Dissolved TCE Uptake
Dissolved TCE Concentration 24,000 ug/l
Volume of Water 1,422,900 gal.
TCE Mass 284.81 lb
TCE Mass 2.168 lbmol
Stoichiometric Permanganate Need (lb-moles) 4.34 lbmol
Stoichiometric Permanganate Need (lb) 685 lb

Adsorbed TCE Uptake
Dissolved TCE Concentration 24,000 ug/l
Estimated soil TCE Concentration 24,000 ug/kg (or ppb)
Mass of Impacted Soil 52,700,000      lb
TCE Mass 1,265 lb
TCE Mass 9.628 lbmol
Stoichiometric Permanganate Need (lb-moles) 19.26 lbmol
Stoichiometric Permanganate Need (lb) 3043 lb

Soil SOD TCE Uptake
Volume of Impacted Soil 19,519 cy
SOD Permanganate Need (lbs) 50,748

Pore space saturation upon injection 30% (Based on ERM professional judgement)

Total Permanganate Uptake (lb)= 54,480             lb
Total 3% Permangante Solution Uptake (gal)= 213,600           gal
Total 2% Permangante Solution Uptake (gal)= 320,500           gal
Total 1% Permangante Solution Uptake (gal)= 640,900           gal

Total 0.5% Permangante Solution Uptake (gal)= 1,281,900        gal



Table 5
Tentative Chem-Ox Implementation Schedule

Hookston Station
Pleasant Hill, California

Task # Task Description
Anticipated Duration (Completion 
Date)

1 Submittal of the Remedial Design and Implementation Plan Milestone (31 August 2007)

2 RWQCB Review and Approval of Remedial Design Implementation Plan 60 days (30 October 2007)

3 Performance Monitoring Well and Injection Well Installations 5 weeks

Drilling Permits 2 weeks (13 November 2007)

Utility Clearance 2 weeks (13 November 2007)

Well Installations 2.5 weeks (30 November 2007)

Well Developments 1 week (7 December 2007)

4 Baseline Monitoring Event 2 weeks (28 December 2007)

5 1st Full-Scale Chem-Ox Injection Event 7 weeks

Utility Clearance 2 weeks (28 December 2007)

Drilling Permits 2 weeks (28 December 2007)

Chem-Ox Injections 5 weeks (1 February 2008)

6 1st Performance Monitoring Event 1 week (15 February 2008)

7 2nd Performance Monitoring Event 1 week (4 April 2008)

8 Submittal of Chem-Ox Implementation Report Milestone (15 May 2008)

9 3rd Performance Monitoring Event 1 week (13 June 2008)

10 2nd Full-Scale Chem-Ox Injection Event 7 weeks

Utility Clearance 2 weeks (27 June 2008)

Drilling Permits 2 weeks (27 June 2008)

Chem-Ox Injections 5 weeks (1 August 2008)

11 4th Performance Monitoring Event 1 week (15 August 2008)

12 5th Performance Monitoring Event 1 week (10 October 2008)

13 6th Performance Monitoring Event 1 week (12 December 2008)

14 3rd Chem-Ox Injection Event 2 weeks (16 January 2009)

15 7th Performance Monitoring Event 1 week (20 March 2009)

16 8th Performance Monitoring Event 1 week (22 May 2009)

17 4th Chem-Ox Injection Event 2 weeks (17 July 2009)

18 9th Performance Monitoring Event 1 week (25 September 2009)

19 10th Performance Monitoring Event 1 week (21 November 2009)

20 5th Chem-Ox Injection Event 2 weeks (15 January 2010)

21 11th Performance Monitoring Event 1 week (19 March 2010)

22 12th Performance Monitoring Event 1 week (22 May 2010)

Notes:
Anticipated Durations are estimates shown in calendar days.

August September October JuneNovember December January February

2007 2009

January February March April May June July AugustOctober November December

2008

July August SeptemberMarch April May September October November December April May

2010

January February March
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1.0 INTRODUCTION 

This appendix documents the results of the pilot study described in the In 
Situ Chemical Oxidation Pilot Study Workplan (workplan)(ERM, 2007), 
which was approved by the Water Board on 13 April 2007.  

1.1 DOCUMENT ORGANIZATION 

This appendix is organized as follows:   

• Section 1.0 presents project background information and objectives of 
the pilot study;  

• Section 2.0 describes the chemical oxidation process;  

• Section 3.0 outlines the specific activities involved with 
implementation of the chemical oxidation pilot study; 

• Section 4.0 presents ERM’s evaluation of the data; and 

• Section 5.0 includes conclusions and recommendations. 

1.2 PROJECT BACKGROUND 

Remedial technologies for the Hookston Station site were selected in the 
Feasibility Study, Hookston Station, Pleasant Hill, California (FS) (ERM, 2006), 
which was approved by the Water Board on 2 November 2006.  The 
selected technologies include an in situ chemical oxidation (ISCO) 
program to address chemical impacts in B-Zone ground water that 
originate from the Hookston Station site. 

In anticipation of the potential application of ISCO at the Hookston 
Station site, a chemical oxidation treatability study was initially conducted 
in October 2003 using site soils.  The objective of the study was to evaluate 
the potential effectiveness of two commonly employed oxidants, 
potassium permanganate (KMnO4) and sodium persulfate (NaS2O8), on 
chemicals of concern that originate from the Hookston Station site. 

The treatability study tested the total soil oxidant demand (SOD) of 
KMnO4 and NaS2O8 to assess the ability of these two oxidants to 
effectively remediate ground water impacted by chemicals originating 
from the site.  SOD is one of the greatest factors affecting viability of ISCO, 
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as the amount of organic material in native soil material that is oxidizable 
can dictate the amount of oxidant required more often than can the mass 
of the contaminants of concern.  The results of the treatability study found 
that the SOD of B-Zone soil is relatively low for both permanganate and 
persulfate oxidants, and both oxidants would be viable for treatment of 
the chlorinated volatile organic compounds (VOCs) at the site.  Due to its 
greater in situ stability and ease of use, however, KMnO4 was identified as 
the preferred oxidant if an ISCO remediation program were implemented 
for B-Zone ground water.  

1.3 PILOT STUDY OBJECTIVES 

The objectives of the pilot study were to: 

• Collect site-specific data on the ability to distribute the oxidant in the 
subsurface;  

• Determine the field SOD; 

• Collect data to evaluate the appropriate lateral spacing for injection 
points for the full-scale ISCO program;  

• Determine the volume and concentration of chemical oxidant to be 
injected during the full-scale ISCO remediation program; and 

• Evaluate potential rebound of VOC concentrations following one 
injection of chemical oxidant, to determine the solution strength and 
frequency for additional injections during the full-scale ISCO 
remediation program. 
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2.0 CHEMICAL OXIDATION TECHNICAL BACKGROUND 

Several types of chemical oxidants are potentially applicable to the site 
including ozone, Fenton’s Reagent, NaS2O8, and KMnO4.  In-depth 
information on available oxidants is outlined in Technical and Regulatory 
Guidance for In Situ Chemical Oxidation of Contaminated Soil and Groundwater 
(Interstate Technology and Regulatory Council [ITRC], 2005).  In this pilot 
study, KMnO4 was utilized as the chemical oxidant, based on the results 
of the Hookston Station chemical oxidation treatability study.  KMnO4 
offers the following advantages: 

• It has been documented to be effective against the site-specific 
chemicals of concern, including chlorinated ethenes, such as 
trichloroethene (TCE), cis-1,2-dichloroethene, and 1,1-dichloroethene; 

• It is the most environmentally stable oxidant available; 

• It is safer to handle with respect to its chemical characteristics and 
reactivity; and 

• It is easy to monitor the distribution of KMnO4 within the subsurface, 
due to its distinct purple color.  

The oxidative reaction between KMnO4 and chlorinated ethenes, such as 
TCE, breaks the bonds between carbon atoms and dechlorinates the 
individual molecules, resulting in the production of carbon dioxide.   
The reaction between KMnO4 and dissolved TCE is as follows: 

C2HCl3 (TCE) + 2KMnO4  2CO2 + 2MnO2 + 2K+ + 3Cl- + H+ 

In this reaction, several byproducts, including carbon dioxide, manganese 
dioxide, potassium, chloride, and hydrogen ions are generated and released 
to the ground water.  The byproducts of this reaction are not expected to 
have adverse effects, since most are either innocuous or will readily react 
with aquifer material and subsequently stabilize. 

It is well documented that KMnO4 has the ability to oxidize chlorinated 
ethenes in ground water.  However, the oxidant is not selective and 
therefore any compound that is present in the soil and ground water that 
can be oxidized will consume the KMnO4.  It is important to evaluate the 
site-specific SOD to determine how much of the oxidant will be available to 
oxidize the TCE.  Localized values of the SOD were obtained from ERM 
evaluations during the remedial investigation in 2003 (ERM, 2003) and 
during the recent pre-design investigation in 2007.  The results of the test on 



 
 

ERM A-4 HOOKSTON STATION/0020557 – 8/23/2007 

B-Zone soil indicated that the SOD ranges between 0.5 and 1 pound of 
KMnO4 per cubic yard (lb/cy) of sandy soils and 4 to 10 pounds of KMnO4 
per cubic yard of silty soil.  For the purposes of this pilot study, an SOD of 
0.75 lb/cy was applied for sandy soils and 10 lb/cy for silty soils.  Results of 
these SOD evaluations are included in Attachment 1. 

A relatively small volume of KMnO4 was injected as part of this pilot study; 
therefore, any migration of KMnO4 from the pilot study injection areas will 
be consumed by soil and organic compounds in ground water within a 
short distance.  The subsurface lithology at the site and in the downgradient 
area is well documented and an extensive monitoring well network is in 
place, thus the potential for the KMnO4 to move any significant distance or 
in an untraceable direction is extremely unlikely.  The injection areas and 
existing monitoring well network are shown on Figure 1. 

Long-term KMnO4 injections can potentially cause buildup of manganese 
dioxide solids on the soil particles, which can potentially reduce soil 
permeability over time.  However, the mass of KMnO4 to be injected and 
the resulting mass of precipitated manganese dioxide is low relative to the 
pore volume being treated (ITRC, 2005).  ERM does not anticipate any 
change in soil permeability based on the mass that will be injected relative 
to the porosity of the sandy aquifer. 
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3.0 CHEMICAL OXIDATION PILOT STUDY ACTIVITIES 

The pilot study included chemical injections and both pre- and post-
injection water quality monitoring.  These activities were conducted 
between 16 April and 5 July 2007.  The chemical oxidant injection events 
occurred between 9 and 11 May 2007.  A pre-design investigation was also 
completed in February 2007. 

The pilot study focused on two separate areas of the on-site B-Zone 
ground water plume.  One area is in the vicinity of MW-11B, the location 
of some of the highest TCE have detections at the site (Figure 2).  This area 
is immediately adjacent to the presumed Hookston Station source area at 
199 Mayhew Way.  MW-11B and injection well IP-1 are on the upgradient 
edge of the B-Zone TCE plume.   

The second study area is along the axis of the TCE plume, near MW-13B 
(Figure 1).  This area also has elevated concentrations of TCE, and 
represents a convenient on-site study location because significant business 
operations are not conducted in this area, above ground structures are  
not present, and existing monitoring wells (MW-13B and TW-1) are  
located nearby.   

Implementation of this pilot study consisted of several components: 

• Collection of baseline ground water samples; 

• Injection of the KMnO4 solution in the areas described above during 
one injection event; 

• Performance ground water monitoring events; and 

• Evaluation of the ground water monitoring data and incorporation of 
the data evaluation results into the Remedial Design and Implementation 
Plan for B-Zone Chemical Oxidation. 

This section outlines the activities performed as part of the chemical 
oxidation pilot study.  The components of this pilot study are presented 
below in order of completion during the test.  

3.1 PRE-DESIGN INVESTIGATION 

The Hookston RPs collected additional site characterization data within 
the two study areas in February 2007.  The purpose of this investigation 
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was to collect geological and chemical distribution data in the two study 
areas for use in designing the pilot study.  All work was completed in 
accordance with ERM’s Workplan for Pre-Design Soil and Ground Water 
Investigation, dated 10 January 2007.  These data were used to determine 
the appropriate injection location and intervals for chemical oxidant 
injected during the pilot study. 

The pre-design investigation consisted of collecting geological and 
chemical distribution data from 5 soil borings (CPT-33, -34, -35, -47, and -
50) in the IP-1 treatment area and 2 soil borings (CPT-48 and CPT-49) in 
the IP-2 treatment area.  The borings were advanced with a cone-
penetrometer testing (CPT) rig equipped with a membrane interface probe 
(MIP).  CPT drilling techniques allow for the collection of continuous, 
detailed stratigraphic and hydrogeological data with minimal site 
disturbance and waste generation.  The MIP continuously monitors the 
presence of total VOCs in the subsurface using a mobile laboratory that is 
equipped with a photoionization detector, a flame ionization detector, and 
an electron-capture detector.  All drilling activities were conducted in 
accordance with the CPT Standard Operating Procedures documented in the 
Phase I Remedial Investigation Sampling and Analysis Plan (ERM 2000). 

Borings ranged in depth from approximately 50 to 80 feet bgs.  
Geophysical logs from the CPT rig and chemical distribution logs from the 
MIP rig are provided in Attachment 2.  Ground water samples were 
collected using HydroPunch sampling techniques at CPT-34 and CPT-48.  
Multiple samples were collected from each CPT location to evaluate 
appropriate injection intervals.  The ground water results are summarized 
on Figures 2A and 3A and on Table 1.  Copies of the laboratory reports 
from this investigation are provided in Attachment 3.   

3.2 BASELINE GROUND WATER SAMPLING 

ERM collected ground water samples prior to injecting the chemical oxidant 
to evaluate baseline ground water conditions.  Baseline samples were 
collected from monitoring wells MW-11B, MW-12B, MW-13B, and test  
well TW-1 on 16 April 2007 (Table 1).  The samples were collected by 
techniques described in the Standard Operating Procedure (SOP) included 
in the workplan.  The baseline ground water samples were analyzed for  
the following: 

• VOCs by United States Environmental Protection Agency (USEPA) 
SW-846 Method 8260; 
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• Potassium, iron, and manganese by USEPA Methods 6010 and 6020 
(USEPA SW-846), and chloride by USEPA Method 300.0 (Methods of 
Chemical Analysis of Waters and Wastes); 

• Dissolved chromium by USEPA SW-846 Method 6010; 

• General water quality parameters, including dissolved oxygen 
concentration, reduction/oxidation potential, specific conductivity, 
turbidity, temperature, and pH; and 

• Visual observation for color. 

All ground water sample analyses were performed by Severn Trent 
Laboratories (STL, Inc.), a California-certified laboratory, except general 
water quality parameters and visual color observation, which were 
measured in the field during purging activities with an in-line, flow-
through cell.  All ground water samples submitted for laboratory analyses 
were preserved, stored, and shipped in accordance with the SOP included 
in the workplan. 

Ground water samples collected during the pre-design investigation at 
CPT-34 and CPT-48 were also used to evaluate the baseline ground water 
quality conditions. 

3.3 CHEMICAL OXIDATION INJECTION 

The chemical oxidant was injected in the two study areas through 
temporary injection points, IP-1, IP-2S and IP-2D, advanced with a  
direct-push (GeoProbe) drill rig.  Drilling and injection activities are 
described below. 

3.3.1 Permitting and Utility Clearance 

Drilling permits were obtained from the Contra Costa County 
Environmental Health Department.   

Prior to commencement of drilling activities, all proposed drilling 
locations were marked for underground utility clearance.  Underground 
Services Alert (USA) was notified prior to the start of work.  In addition, a 
private utility locator was retained to identify underground utilities in the 
vicinity of the drilling locations.   
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3.3.2 Potassium Permanganate Solution 

The chemical oxidant was injected in three locations, as shown on  
Figure 1.  Injection point IP-1 is near MW-11B, where TCE has been 
detected at concentrations up to 24,000 micrograms per liter (µg/L).  
Injection points IP-2S and IP-2D are near MW-13B and TW-1, where TCE 
has been reported up to 6,300 µg/L.   

The pilot study involved injecting 2,800 gallons of a 2 percent KMnO4 
solution at IP-1, 2,800 gallons of a 2 percent KMnO4 solution at IP-2S, and 
700 gallons of a 2 percent KMnO4 solution at IP-2D.  These volumes 
represent the calculated mass of oxidant required within the target areas 
to treat both the SOD of the soil and the contaminant mass.  The oxidant 
solution was injected during one injection event at each injection location. 

The raw KMnO4 product was obtained from Carus Corporation.  It is 
designed for in situ treatment of ground water and contains very low 
quantities of impurities relative to products used in industrial 
applications.  Carus Corporation has extensive experience providing 
oxidant for ground water treatment applications.   

3.3.3 Potassium Permanganate Injection 

The preferred method for injecting a chemical oxidant is typically through 
closely spaced, vertical, direct-push injection locations.  For this pilot 
study, three injection points, IP-1, IP-2S, and IP-2D, were utilized.  IP-1 is 
approximately 10 feet upgradient of MW-11B, and IP-2S and IP-2D are 
approximately 15 and 20 feet upgradient of TW-1, respectively (Figure 2).  
Injection point locations were selected based on ground water flow 
direction and average B-Zone ground water flow velocity, and access was 
based on current business operations and the presence of underground 
utilities.  The KMnO4 solution was injected into IP-1, IP-2S and IP-2D on 9, 
10, and 11 May 2007, respectively.  Boring logs for IP-1, IP-2S, and IP-2D 
are included in Attachment 4.  

Based on the CPT/MIP results, the target depths for treatment were 38 to 
48 feet below ground surface (ft bgs) at IP-1 and 35 to 55 feet bgs at IP-2.  
Injection point IP-1 consists primarily of sandy silts between 38 and 48 ft 
bgs.  The targeted treatment interval at IP-2 consists of sandy silts from 
approximately 35 to 45 ft bgs and sands from approximately 45 to 55 ft 
bgs.  Two injection depths were completed to address the different soil 
types at IP-2 location.  IP-2S was meant to provide permanganate to the 
sandy silt layer (35-45 ft), while oxidant was injected at IP-2D into the 
deeper B-Zone sand layer (45-55 ft).   
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Temporary injection points were installed using common direct-push 
drilling equipment and methods.  The KMnO4 concentrations injected in 
this pilot study do not aggressively attack carbon steel tooling, the 
preferred tooling for this work, like some other oxidants.  The KMnO4 
solution was mixed and injected by Vironex, Inc., which has specialized 
equipment for injecting permanganate solutions.  The raw KMnO4 
product was shipped directly to Vironex;  KMnO4 product was not stored 
on site during the pilot study.  Vironex performed the injections using a 
direct-push rig, as summarized below: 

• The direct-push rig advanced a drive rod to an appropriate depth 
within the B-Zone aquifer (49 ft bgs at IP-1 and 56 ft bgs at IP-2D).  IP-
2S was advanced to a maximum depth of 46 ft bgs.  Boring logs are 
included in Attachment 4. 

• After reaching the bottom of the borehole, the drive rod was extracted 
by approximately 1 foot, exposing the hollow and perforated drive 
rod. 

• The solution was then pumped into the borehole in sequential one-foot 
lifts over the targeted treatment depths (from bottom to top). 

• At the completion of each injection, the boring was abandoned by 
grouting from the bottom to the surface with a cement/bentonite 
slurry.  The surface of each borehole was restored as closely as possible 
to its original condition.  The location was marked and surveyed by a 
California-licensed land surveyor.  

Total volumes injected at each injection point were: 

• IP-1 = 2,800 gallons; 

• IP-2S = 2,800 gallons; and 

• IP-2D = 700 gallons. 

The injection volume at IP-2D was lower than the other intervals due to 
the lower soil oxidant demand found in the sands within the IP-2D 
injection interval. 

3.4 PERFORMANCE MONITORING 

ERM conducted four performance monitoring events following completion 
of the injection activities.  The timing and objectives of the performance 
monitoring events were as follows: 
 



 
 

ERM A-10 HOOKSTON STATION/0020557 – 8/23/2007 

Event Schedule Objective 

1 0-7 days after the 
oxidant injections. 

• Evaluate the lateral distribution of the chemical oxidant 
within the subsurface immediately following the 
injection event.   
 
Data collected during this monitoring event were used 
to select the appropriate lateral spacing for the injection 
points for the full-scale ISCO remediation program and 
determine the appropriate volume of chemical oxidant 
to be injected at each injection point during the full-
scale ISCO remediation program. 

2 2 weeks after the 
injection event. 

3 4 weeks following 
injection activities. 

4 8 weeks after injection 
event. 

• Evaluate VOC and geochemical concentration trends, 
migration of the chemical oxidant within the B-Zone, 
and further evaluate the total permanganate demand of 
the B-Zone. 

Ground water samples were collected during the performance monitoring 
events from a combination of existing monitoring and test wells, and 
temporary sampling locations, as described in the following sections. 

3.4.1 Performance Monitoring Event #1 

This performance monitoring event was conducted 0 to 7 days after the 
chemical oxidant injections to determine the hydraulic radius of influence 
of the chemical oxidant solution.  The hydraulic radius of influence 
defines the cylinder, centered at the injection well, that ground water is 
initially displaced from by the injected permanganate solution.  The 
KMnO4 solution injected during the pilot study has a distinct purple color, 
which is easily identified when present in ground water.  Therefore, 
ground water samples were only collected for visual color observation 
during this monitoring event. 

3.4.1.1 IP-1 Treatment Area 

Samples were collected on the following days and locations during 
Performance Monitoring Event #1: 

• On the day of the injection event at IP-1 (9 May 2007), samples were 
collected at monitoring wells MW-11B and MW-12B for visual color 
observation.   
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• Two days after the injection event, samples were collected from two 
borings, IP1-SB1 and IP1-SB2 (Figure 2A).   

• Five days after the injection event, ground water samples were 
collected from MW-11B for VOC analysis. 

• Samples were collected 7 days after the injection event at soil boring 
IP1-SB3 (Figure 2A). 

A direct-push sampling rig was utilized to collect grab ground water 
samples from the soil borings.  Boring logs are included in Attachment 4. 

3.4.1.2 IP-2 Treatment Area 

Samples were collected from the following locations during the 
Performance Monitoring Event #1: 

• The same day of the IP-2S injection event (10 May 2007), a sample was 
collected from TW-1.   

• One day after the IP-2S injection, samples were collected from TW-1 
and boring IP2-SB1 (Figure 3A). 

• Samples were collected 5 days after the IP-2S injection at borings IP2-
SB2 to IP2-SB5, MW-13B, and TW-1 (Figure 3A). 

• Samples were collected 6 days after the IP-2S injection at borings IP2-
SB6 to IP2-SB8, MW-13B, and TW-1 (Figure 3A). 

Boring logs for IP2-SB1 to IP2-SB8 are included in Attachment 4. 

3.4.2 Performance Monitoring Events #2, 3, and 4 

Performance Monitoring Events #2, 3, and 4 were conducted 2 weeks, 4 
weeks, and 8 weeks after the chemical oxidant injections were completed.   

3.4.2.1 IP-1 Treatment Area 

Additional grab ground water samples were collected from temporary 
sampling points using a direct-push drilling rig between IP-1 and MW-11B.  
The locations of these temporary sampling points are shown in Figures 2B 
to 2D.  Boring logs are included in Attachment 4.  The sample dates are 
presented in Table 1.  Ground water samples were also collected from 
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monitoring wells MW-11B and MW-12B during Performance Monitoring 
Events #2, 3, and 4. 

3.4.2.2 IP-2 Treatment Area 

Similar to the IP-1 study area, additional grab ground water samples were 
collected from temporary sampling points (IP2-SB9 to IP2-SB19) using a 
direct-push drilling rig in the vicinity of IP-2S and IP-2D.  The locations of 
these sampling points are shown on Figures 3B to 3D and boring logs are 
included in Attachment 4.  Ground water samples were also collected 
from monitoring wells TW-1 and MW-13B during performance 
monitoring events #2, 3, and 4.  The dates of the sample collections are 
provided in Table 1. 

3.4.2.3 Analytical Program 

The analytical program for Performance Monitoring Events #2, 3, and 4 
were the same as the baseline sampling event analytical program, with the 
following modifications: 

• Samples for VOC analysis were generally not collected at locations in 
which the ground water was observed to be pink or purple in color, 
indicating the KMnO4 solution is present. 

• Samples for dissolved chromium analysis were only collected at one 
monitoring well or test well in each treatment area during each 
monitoring event. 
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4.0 DATA EVALUATION 

Several indicators were monitored to assess permanganate presence and 
effectiveness.  These indicators are divided into two categories: 

1. Direct indicators: 

• Purple color; 

• Reduction in VOC concentrations; and 

• Positive oxidation reduction potential (ORP) readings. 

2. Other indicators: 

• Increase in manganese concentration; and 

• Increase in potassium concentration. 

Field observations have led to the conclusion that the advancement of 
IP-2S to 46 ft bgs created a preferential pathway such that the bulk of the 
permanganate injected at this location found its way to the sand layer 
between 45 and 55 ft bgs.  Therefore, in calculating the theoretical values 
of areas of influence, IP-2S and IP-2D are treated as a single injection point 
with an injection volume of 3,500 gallons (700 gallons at IP-2D and 2,800 
gallons at IP-2S).  This is based on the assumption that a maximum of 200 
gallons injected at IP-2S was consumed in the silty-sand layer. 

Performance monitoring event sampling depths range from 35 to 75 ft bgs.  
As recent studies have indicated, VOC concentrations vary vertically as 
well as horizontally.  Therefore, it is most appropriate to compare the 
performance monitoring samples to baseline samples collected at 
comparable depths. 

4.1 PERFORMANCE MONITORING OBSERVATIONS 

The sample dates, depths, field measurements and analytical results for 
the individual boring and monitoring wells are presented in Table 1.  The 
full laboratory reports are included in Attachment 3. 
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4.1.1 Baseline Monitoring Event 

Baseline samples were collected on 16 April 2007.  These samples were 
analyzed for the constituents described in Section 3.1.  In addition, the 
ground water samples collected from CPT/MIP borings in February 2007 
were also used as representative of baseline concentrations. 

The baseline sampling results reported TCE concentrations up to 2,900 
µg/L in the IP-1 treatment area and up to 1,900 µg/L in the IP-2 treatment 
area.  The baseline sampling results are summarized on Table 1.  

4.1.2 Performance Monitoring Event #1 

Performance Monitoring Event #1 observations evaluating presence or 
effects of KMnO4 are summarized below. 
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Observations for KMnO4 
Presence or Effects 

Downgradient Observations for 
KMnO4 Presence or Effects 

Cross-gradient 
Observations for KMnO4 
Presence or Effects 

IP-1 Treatment Area   

• No purple color at 
MW-11B 2 days after 
injection. 

• No purple color at 
IP1-SB3 (3 ft S of IP-1) 7 
days after injection. 

• Purple color observed at MW-
11B on the day of IP-1 injection. 

• No purple at MW-11B 5 and 7 
days after injection, but three-
fold reduction in VOCs and 
strong positive ORP. 

• No signs of KMnO4 at MW-12B 
or IP1-SB1 (6 ft NE of IP-1) on 
the day of and 2 days after, 
respectively, the injection at 
IP-1. 

• Purple color observed at 
IP1-SB2 (2-3 ft W of IP-1). 

IP-2 Treatment Area   

• KMnO4 observed 
between IP-2S and IP-
2D 5 days after IP-2D 
injection. 

• Purple color observed at 
IP2-SB5 (9-10 ft S of IP-
2D) 4 days after IP-2D 
injection. 

• Purple color witnessed 
at TW-1 4 and 5 days 
after IP-2D injection, but 
not on the day of 
injection. 

• KMnO4 observed 5-6 ft N of IP-
2S the day after injection at that 
location. 

• KMnO4 observed at TW-1 (18-
20 ft NE of injection points) 
four days after injection at IP-
2D. 

• KMnO4 witnessed 10 ft 
upgradient (South) of 
IP-2D 4 days after 
injection at IP-2D. 

• No signs of KMnO4 at 
IP2-SB2 (see Figure 4A) 5 
days after IP-2S injection. 

• No purple color observed 
at IP2-SB7 and IP2-SB8, 12 
and 21 ft SE of IP-2D, 
respectively, 5 days after 
the IP-2D injection. 

Observations around IP-1 leave some uncertainty regarding the hydraulic 
radius of influence.  The observations at IP1-SB2 and MW-11B suggest a 
hydraulic radius of influence of at least 9 feet in diameter, but this is 
contradicted by the observations at IP1-SB1, located between IP-1 and 
MW-11B.  

The observations at IP-2 suggest a hydraulic radius of influence of 
approximately 10 ft.  The residence time of KMnO4 at the injection points 
is at least 5 days.  KMnO4 migrated 18-20 ft in the direction of ground 
water flow 4-5 days after the injections at IP-2. 

4.1.3 Performance Monitoring Event #2 (2 Weeks) 

Performance Monitoring Event #2 observations evaluating the presence or 
effects of KMnO4 are summarized below. 

 



 
 

ERM A-16 HOOKSTON STATION/0020557 – 8/23/2007 

Observations for 
KMnO4 Presence or 
Effects 

Downgradient Observations for 
KMnO4 Presence or Effects 

Cross-gradient 
Observations for KMnO4 
Presence or Effects 

IP-1 Treatment Area   

• No samples were 
collected at the 
injection point. 

• Although no purple coloring, VOC 
concentrations and ORP values 
suggest KMnO4 influence at MW-
11B. 

• No signs of KMnO4 at MW-12B. 

• No cross-gradient 
samples collected 
during this performance 
monitoring event. 

IP-2 Treatment Area   

• KMnO4 observed at 
IP2-SB10 (6 ft SE of 
IP-2D). 

• Purple color still 
present at TW-1. 

• KMnO4 observed at TW-1. 

• No indications of KMnO4 influence 
at IP2-SB9 (22-25 NE of injection 
points). 

• Visual indication of 
KMnO4 at IP2-SB10, but 
not at IP2-SB11 (9 ft SE 
of IP-2D).  However, 
IP2-SB11 does show 
signs of KMnO4 
influence, including 
elevated K and Mn 
concentrations. 

Observations and measurements in the IP-1 area suggest KMnO4 
influence as far as MW-11B, but not as far as MW-12B. 

Observations around in the IP-2 area suggest permanganate influence 
along the ground water flow direction 20 to 25 feet from the injection 
points.  Cross-gradient observations show the continued presence of 
permanganate around the injection points, with a smaller radius than the 
initial radius of influence. 

4.1.4 Performance Monitoring Event #3 (4 Weeks) 

Performance Monitoring Event #3 observations evaluating presence or 
effects of KMNO4 are summarized below. 
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Observations for KMnO4 
Presence or Effects 

Downgradient 
Observations for KMnO4 
Presence or Effects 

Cross-gradient Observations 
for KMnO4 Presence or 
Effects 

IP-1 Treatment Area   

• A continued decrease in 
TCE concentrations was 
observed at MW-11B. 
However, the lack of 
purple coloring and 
negative ORP suggest 
KMnO4 is no longer 
present at MW-11B.   

 

• No visual signs of KMnO4 
at MW-12B, but decreased 
TCE concentrations 
observed. 

• No cross-gradient samples 
collected during this 
performance monitoring 
event. 

IP-2 Treatment Area   

• Purple color still present 
at TW-1. 

• Positive ORPs and near 
non-detect 
concentrations of TCE at 
IP2-SB14 & IP2-SB15, 7-
12 feet downgradient of 
the IP-2 injection points, 
suggest ground water is 
or was influenced by 
KMnO4 at those 
locations. 

• KMnO4 observed at TW-1. 

• No indications of KMnO4 
influence at IP2-SB9 (22-25 
NE of injection points). 

• No visual indication of 
KMnO4 at IP2-SB13 and IP2-
SB16 (see Figure 4C), but 
positive ORPs and near non-
detect concentrations of TCE 
suggest ground water is or 
was influenced by KMnO4 at 
those locations. 

There are no visual signs of KMnO4 in the IP-1 area Performance 
Monitoring Event #3 samples.  However, the decrease in TCE 
concentrations compared to previous samples suggests that KMnO4 is 
influencing or has influenced ground water in some of the sample 
locations. 

Measurements at TW-1 still provide strong evidence of KMnO4 presence.  
Near non-detect TCE concentrations and positive ORPs indicate that 
oxidizing environments persist at some of the sample locations, despite 
the fact that KMnO4 is not visually present. 

4.1.5 Performance Monitoring Event #4 (8 Weeks) 

Performance Monitoring Event #4 observations evaluating presence or 
effects of KMnO4 are summarized below. 
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Observations for 
KMnO4 Presence or 
Effects 

Downgradient Observations for 
KMnO4 Presence or Effects 

Cross-gradient 
Observations for KMnO4 
Presence or Effects 

IP-1 Treatment Area   

• Positive ORP 
measurements within 
2 feet of IP-1 indicate 
that an oxidizing 
environment persists 
at the injection point 
after 8 weeks.  

• A continued observed 
decrease in TCE 
concentration at MW-
11B suggests the 
oxidant is influencing 
or has influenced 
ground water at that 
location.  No other 
signs of KMnO4 
presence were 
observed at MW-11B. 
 

• No visual signs of KMnO4 at 
MW-12B, but decreased TCE 
concentrations suggest the 
oxidant is or has influenced the 
ground water at that location. 

• No cross-gradient 
samples collected 
during this performance 
monitoring event. 

IP-2 Treatment Area   

• Observations suggest 
that all the injected 
KMnO4 has been 
consumed by 8 weeks 
after the injection. 

• Observations suggest that all 
the injected KMnO4 has been 
consumed by 8 weeks after the 
injection. 

• Observations suggest 
that all the injected 
KMnO4 has been 
consumed by 8 weeks 
after the injection. 

No visual indicators of KMnO4 presence were observed in the IP-1 area.  
The ORP measurement adjacent to IP-1 suggests an oxidizing 
environment persists at the injection point 8 weeks after the injection.  
However, TCE concentrations at the injection point have rebounded to 
above baseline, as measured at CPT-34.  Decreased TCE concentrations at 
MW-11B suggest the oxidant is influencing or has influenced ground 
water at this location.  Reduced TCE concentrations, as compared to the 
baseline measurements, were also witnessed at MW-12-B.  However, the 
observed concentrations fall within the TCE concentration range 
witnessed historically. 

TCE concentrations throughout the IP-2 area suggest TCE concentrations 
have rebounded to those observed during baseline sampling.  This 
suggests that permanganate influence persisted between 4 and 8 weeks.  
These rebounding concentrations were expected, and can be attributed to 
be due to both desorption of impacted soils within the aquifer and the 
migration of untreated ground water from the area immediately 
upgradient of the pilot study injections. 
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5.0 KEY FINDINGS AND CONCLUSIONS 

This section presents conclusions and recommendations based on the 
observations of the four performance monitoring events. 

5.1 KEY FINDINGS 

As discussed in Section 4.0, several indicators of permanganate presence 
were evaluated.  Observations during the four performance monitoring 
events show that evidence of permanganate presence is often suggested 
by some of the indicators, while not by others.  For example, in several 
instances, ORP values and VOC measurements give strong evidence of 
permanganate presence, even if pink or purple color is not observed in the 
ground water.  ERM weighed the strength of the indicators, number of 
indicators suggesting permanganate presence, and experience from 
studies at comparable sites to evaluate the areal influence of 
permanganate injections at a particular location during a particular 
monitoring event. 

The observations from the monitoring events in the IP-1 area provide 
some information on residence time of KMnO4.  Evaluation of KMnO4 

migration rates and distances were limited in the IP-1 area because of 
access restrictions due to surface structures.  Data collected in the IP-2 area 
provide better indications of permanganate migration distances, 
migrations rates, and residence times. 

5.1.1 Hydraulic Radius of Influence 

For an isotropic, homogeneous aquifer, the initial volume of groundwater 
displaced by an injected liquid resembles a cylinder, with the injection 
well marking the center line of the cylinder.  The hydraulic radius of 
influence defines this cylinder.  Due to the available monitoring well 
network and number of temporary monitoring locations advanced in the 
IP-2 area, KMnO4 distribution data from that area provide the best insight 
into the hydraulic radius of influence.   

On the day of the IP-1 injection event, permanganate presence was 
observed in MW-11B, approximately 10 ft northwest of the injection point. 

Samples collected within a few days after the injection event in IP-2 area 
suggest a radius of 9-10 ft for the initial area of influence.  The 9-10 ft 
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radius estimate is supported by the purple color observation at IP2-SB1, 
located 5 ft north of IP-2S and 9-10 ft north of IP-2D, a day after the IP-2S 
injection and the same day as the IP-2D injection.  In addition, purple 
coloring was also witnessed in IP2-SB5, located 9-10 ft upgradient of 
IP-2D, on 15 May 2006, 4 days after injection at IP-2D.   

Based on these observations, the hydraulic radius of influence appears to 
be approximately 10 feet. 

The theoretical hydraulic radius of influence can be calculated based on 
the injected volume, pore space and height of the cylinder.  The following 
assumptions were made in calculating the theoretical hydraulic radius of 
influence: 

• Porosity of 36 percent (from geotechnical samples collected to support 
the Feasibility Study; ERM, 2006); 

• Sand layer has a uniform thickness of 10 ft (45-55 ft bgs); 

• The initial area of influence is the shape of a cylinder; 

• The injected KMnO4 displaces all of the pore water within the initial 
area of influence; and 

• 200 gallons of the oxidant solutions injected at IP-2S was consumed in 
the sandy-silt layer. 

Based on these assumptions, the theoretical hydraulic radii of influence 
are calculated to be 5.75 and 6.25 ft for IP-1 and IP-2, respectively 
(calculations are provided in Tables 2 and 3, respectively).  The observed 
hydraulic radii of influence, approximately 10 feet, are 44 to 74 percent 
greater than the calculated theoretical hydraulic radii. 

5.1.2 Permanganate Fate and Transport 

The fate of the KMnO4 is dictated mainly by the SOD, while the transport 
is controlled mainly by groundwater flow.  Assuming a uniform height of 
KMnO4 solution distribution, the volume impacted by the KMnO4 is 
defined by the “area of influence.”   

The distribution and quantity of monitoring points in the vicinity of IP-2S 
and IP-2D provide the best insight into the fate and transport rates of the 
permanganate.  As discussed above, monitoring well MW-11B appears to 
be within the initial area of influence of IP-1 and there is evidence to 
suggest that KMnO4 persists at that point for a 6- to 8-week period. 
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Purple ground water was observed at TW-1 4 days after the IP-2D 
injection.  The observations at IP2-SB9 do not suggest that KMnO4 has 
migrated to IP2-SB9 2 weeks after the injection events.  These data indicate 
that the permanganate migrated 17-20 ft from the injection points in 2 
weeks.  This translates to a velocity of 1.2 to 1.4 ft per day.  However, 
considering the permanganate was pushed 10 feet during the injection, a 
more reasonable estimate of groundwater velocity is 0.7 ft/day.  The 
samples collected at IP2-SB12, located 25 ft northeast of the injection 
points, 4 weeks after the injection events do not provide sufficient 
evidence to conclude that the KMnO4 had migrated to these points.  
However, the two-fold decrease from baseline TCE concentrations hj MW-
13B strongly indicates the possibility that permanganate has influenced 
ground water in this well. 

After 8 weeks, TCE concentrations rebounded to baseline concentrations 
in the IP-2 area, indicating that the KMnO4 is no longer active in that area.  
The TCE concentration rebound in the treatment zone was not 
unanticipated due to continued VOC flux from the upgradient plume area 
into the IP-2 treatment area over the performance monitoring period.  
Based on the downgradient distance of permanganate influence (over 20 
ft) and the ground water flow velocity in the B-Zone (roughly 1 ft per 
day), treated water influenced in the IP-2 area of the pilot study will be 
fully replaced with upgradient water in about a 3- to 5-week period.  

Samples collected to assess the potential lateral migration of 
permanganate do not indicate significant cross-gradient migration, which 
agrees with the published axial dispersion values of 1 percent of plume 
length in the direction of ground water flow (USEPA, 1996). 

Indications of permanganate presence were observed 4 weeks after IP-2 
injection at IP2-SB14, 8 ft northeast of the injection points.  However, 
measurements from a temporary boring within IP-2 area (IP2-SB17) 
suggest the permanganate did not persist at the injection location for 8 
weeks.  Thus, it is estimated that the KMnO4 injected into the B-Zone 
persisted between 6 and 8 weeks. 

The performance monitoring data suggest that the permanganate 
migrated up to 20 ft downgradient of IP-2, but not as far as 23 ft.  Twenty 
feet is thought to represent the length of the influenced area from the 
injections at IP-2S and IP-2D.  Using the hydraulic radius of influence to 
determine the plume width, the area of influence is calculated to be 
approximately 560 ft2.  Based on the SOD from the treatability study and 
the chemical oxygen demand (COD) from observed ground water VOC 
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concentrations, the theoretical calculation of area of influence is 1,154 ft2.  
Calculations are presented in Table 4. 

5.1.3 Field SOD 

Using the soil properties listed in the work plan, which were obtained 
from the FS and other sources, the COD was calculated for the observed 
IP-2 area of influence during the pilot study.  It is assumed that the 
balance of the actual KMnO4 injected and the calculated COD represents 
the field SOD.  The field SOD was compared to the theoretical value  
(0.75 lb/cy) determined during the treatability study (ERM, 2007).  Based 
on the observed area of influence, the field SOD is estimated to be 1 to  
4.7 lb/cy.  The calculated field SOD using the most reasonable 
assumptions is 2.6 lb/cy, which is 3.5 times greater than the value 
calculated in the laboratory.  Calculations and the assumptions used for 
the low, average and high SOD estimations are provided in Tables 5A 
through 5C. 

It should be noted that there are several factors that could have 
contributed to the smaller area of influence observed during the pilot 
study compared to the theoretical prediction: 

• More than 200 gallons of permanganate injected at IP-2S could have 
been retained in the silty-sand layer; 

• The average absorbed and dissolved TCE concentration in the area of 
influence was greater than the anticipated concentration; 

• The field SOD is greater than 0.75 lb/cy determined in the laboratory 
analyses of the FS; and 

• The actual impacted area is greater than estimated above. 

Of these possible factors, however, the higher field SOD is thought to be 
the most likely contributor to the smaller area of influence observed 
during the pilot study. 

5.1.4 Estimate of TCE Mass Destroyed 

In the ground water samples where permanganate was observed, TCE 
concentrations were very low to non-detect.  TCE was reported at 
concentrations up to 1,900 µg/L during the baseline sampling event in the 
IP-2 area.  To estimate the total mass of TCE treated during the pilot test in 
IP-2, it is assumed that this concentration was uniform throughout the 
treated area prior to KMnO4 injection.  It is also assumed that the TCE was 
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completely oxidized in the observed treatment area for the duration that 
permanganate was visually present in the groundwater samples. 

The distribution coefficient for TCE reported by the USEPA (2004) is  
1 liter per kilogram.  Using the estimated soil and ground water volumes 
in the area where KMnO4 was observed, and a ground water velocity of 
0.7 ft/day, based on observed permanganate migration rates, the total 
mass of TCE destroyed during the pilot study is estimated for both 
injection areas.  Approximately 2.5 pounds of TCE were destroyed during 
the 6-week residence time of KMnO4 in IP-2.  Calculations are provided in 
Table 6.  A comparable area of influence was observed at IP-1.  Thus, the 
total mass of TCE treated during the pilot study is approximately 5 lbs. 

5.2 CONCLUSIONS 

Based on the performance monitoring data collected during this pilot 
study, the following conclusions have been drawn as they pertain to  
full-scale ISCO implementation: 

• Injection Point Spacing: 

o The lateral spacing of injection points for 2,800 gallons of 2% 
KMnO4 solution should be on approximate 20 ft centers; and 

o The distance between rows of injection locations for the same 
volume of solution should be approximately 20 ft. 

• The injected volume should take into account the possibility that the 
field SOD may be as much as 3.5 times the value calculated in the 
laboratory during the Treatability Study (ERM, 2007). 

• Greater volumes should be injected toward the top of the targeted 
depth interval compared with the bottom.  This will help counteract 
the coning effect described in the ITRC chemical oxidation guidance 
document (ITRC, 2005), as well as address VOC concentration decrease 
with depth from the bottom of A-zone, as observed in the CPT/MIP 
data collected during the pre-design investigation. 

• Multiple injections are likely needed to treat the source area.  It is 
recommended that a minimum of two injection events be conducted in 
the target area, to be followed by additional focused injections, if 
necessary, based on the performance monitoring data. 

• Injection events should be at least 8 weeks apart.  It is recommended 
that they be more on the order of 3 to 4 months apart to give possible 
VOC desorption from soils time to equilibrate. 
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Table 1
Ground Water Analytical Results - Chemical Oxidation Pilot Study

Hookston Station Site
Pleasant Hill, California

Specific Dissolved Dissolved Dissolved
Sample Identification Date Depth PCE TCE c-1,2-DCE t-1,2-DCE 1,1-DCE VC ORP pH Temperature Conductance Oxygen Turbidity Iron Potassium Manganese Chromium Chromium VI Chloride

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (mV) (Celcius) (µS/cm) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
California State MCL: 5 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

okston Station Ground Water Cleanup Standard: n/a 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
d Water Cleanup Standard (for vapor intrusion): n/a 530 6,200 6,700 6,300 3.8 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

IP-1 Study Area:  Chemical Oxidant Injected on 9 May 2007
CPT-34 2/26/2007 41 -- <0.50 67 4.7 <0.50 11 <0.50 na na na na na na na na na na na na
CPT-34 2/27/2007 64 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 na na na na na na na na na na na na

IP1-SB1 5/11/2007 10-50 No na na na na na na na na na na na na na na na na na na
IP1-SB2 5/11/2007 42.5-44.5 Yes na na na na na na na na na na na na na na na na na na
IP1-SB2 5/11/2007 46.5-56.5 Yes na na na na na na na na na na na na na na na na na na
IP1-SB3 5/16/2007 35-55 No na na na na na na na na na na na na na na na na na na
IP1-SB4 7/3/2007 37-41 No <10 220 5.3 J <10 26 <10 48.7 7.37 25 1326 1.4 435 28.5 9.9 9.1 na na 174 Q

MW-11B 4/16/2007 40-50 -- <200 2900 130 J <200 130 J <200 7.6 7.00 20.67 1826 0.54 9.0 0.44 1.0 2.5 <0.0080 na 358 Q
ChemOx Injection at IP-1 5/9/2007 38-48
MW-11B 5/9/2007 40-50 Yes na na na na na na na na na na na na na na na na na na
MW-11B 5/11/2007 40-50 No na na na na na na na na na na na na na na na na na na
MW-11B 5/14/2007 40-50 No <10 450 8.4 J <10 24 <10 118.3 7.13 21.26 1858 1.60 6.5 0.73 1.1 0.71 <0.0080 <0.010 316Q
MW-11B 5/16/2007 40-50 No na na na na na na na na na na na na na na na na na na
MW-11B 5/24/2007 40-50 No <10 680 64 <10 1.9 J <10 4.6 7.22 22.22 1831 0.59 11.1 0.26 1.0 1.6 <0.0080 na 307Q
MW-11B 5/29/2007 40-50 No na na na na na na na na na na na na na na na na na na
MW-11B 5/30/2007 40-50 No na na na na na na na na na na na na na na na na na na
MW-11B 6/5/2007 40-50 No <10 98 340 <10 35 <10 -23.3 7.00 19.86 1728 0.23 na 4.8 1.7 2.4 1.6 <0.010 304 Q
MW-11B 7/5/2007 40-50 No <5.0 75 95 <5.0 12 1.9 J -44.6 7.10 22.76 1906 0.84 13.5 0.19 <1.0 2.5 <0.0080 <0.010 301 Q

MW-12B 4/16/2007 50-60 -- <10 170 260 1.4 J 130 6.1 J -87.8 7.06 18.88 1633 0.43 3.3 0.29 1.2 1.0 <0.0080 na 324 Q
ChemOx Injection at IP-1 5/9/2007 38-48
MW-12B 5/9/2007 50-60 No na na na na na na na na na na na na na na na na na na
MW-12B 5/24/2007 50-60 No <10 120 200 1.7 J 110 2.3 J -87.3 7.07 19.30 1623 1.03 6.9 0.61 1.4 0.96 na na 301 Q
MW-12B 6/5/2007 50-60 No <10 43 210 1.5 J 85 17 -26.8 6.86 19.47 1634 0.39 na 0.32 1.4 1.0 na na 290 Q
MW-12B 7/5/2007 50-60 No <10 56 380 2.3 J 110 16 -77.2 6.99 22.66 1825 0.97 6.8 0.34 1.4 0.98 na na 296 Q

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Oxidant 
Visually 

Observed
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Table 1
Ground Water Analytical Results - Chemical Oxidation Pilot Study

Hookston Station Site
Pleasant Hill, California

Specific Dissolved Dissolved Dissolved
Sample Identification Date Depth PCE TCE c-1,2-DCE t-1,2-DCE 1,1-DCE VC ORP pH Temperature Conductance Oxygen Turbidity Iron Potassium Manganese Chromium Chromium VI Chloride

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (mV) (Celcius) (µS/cm) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
California State MCL: 5 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

okston Station Ground Water Cleanup Standard: n/a 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
d Water Cleanup Standard (for vapor intrusion): n/a 530 6,200 6,700 6,300 3.8 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Oxidant 
Visually 

Observed

IP-2 Study Area: Chemical Oxidant Injected on May 10-11, 2007
CPT-48 2/26/2007 41 -- 8.8 1900 74 1.8 77 <0.50 na na na na na na na na na na na na
CPT-48 2/26/2007 47 -- <2.5 530 5.4 <2.5 31 <2.5 na na na na na na na na na na na na
CPT-48 2/26/2007 52 -- <0.50 10 <0.50 <0.50 <0.50 <0.50 na na na na na na na na na na na na

IP2-SB1 5/11/2007 45-49 Yes na na na na na na na na na na na na na na na na na na
IP2-SB2 5/15/2007 35-45 No na na na na na na na na na na na na na na na na na na
IP2-SB2 5/15/2007 50-54 No na na na na na na na na na na na na na na na na na na
IP2-SB3 5/15/2007 48-52 Yes na na na na na na na na na na na na na na na na na na
IP2-SB4 5/15/2007 45 Yes na na na na na na na na na na na na na na na na na na
IP2-SB5 5/15/2007 48-52 Yes na na na na na na na na na na na na na na na na na na
IP2-SB6 5/16/2007 45 Yes na na na na na na na na na na na na na na na na na na
IP2-SB7 5/16/2007 48-52 No na na na na na na na na na na na na na na na na na na
IP2-SB8 5/16/2007 48-52 No na na na na na na na na na na na na na na na na na na
IP2-SB9 5/23/2007 51-55 No <1.0 9.2 1.1 <1.0 <1.0 <1.0 -489.1 8.12 23.2 1768 0.85 1240 31.9 4.2 2.6 na na 185 Q
IP2-SB10 5/23/2007 51-55 Yes NA NA NA NA NA NA 601.5 7.09 22.83 1928 1.56 1235 143 12.6 67.4 na na 159 Q
IP2-SB11 5/23/2007 51-55 No <1.0 9.5 0.62 J <1.0 <1.0 <1.0 nm nm nm nm nm nm 426 32.3 14.4 na na 191 Q
IP2-SB12 6/6/2007 51-55 No <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 -67.7 6.75 19.95 1610 0.77 n/a 18.8 1.8 4.6 na na 177 Q
IP2-SB13 6/6/2007 51-55 No <1.0 0.51 J <1.0 <1.0 <1.0 <1.0 -58.7 6.89 21.80 1660 3.63 n/a 29.4 4.0 0.50 na na 173 Q
IP2-SB14 6/6/2007 51-55 No <1.0 0.61 J <1.0 <1.0 <1.0 <1.0 514.8 6.77 21.55 1651 0.12 n/a 137 10.3 7.2 na na 181 Q
IP2-SB15 6/7/2007 51-55 No <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.40 6.94 20.50 1616 1.39 n/a 18.2 2.6 1.1 na na 181 Q
IP2-SB16 6/7/2007 51-55 No <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 -43.6 6.47 20.42 1620 1.54 n/a 21.7 2.8 0.58 na na 163 Q
IP2-SB17 7/2/2007 45-47 No <20 530 6.8 J <20 37 <20 0.0 7.05 21.13 1684 0.39 2125 46.8 5.7 6.5 na na 176 Q
IP2-SB18 7/2/2007 44.5-48.5 No <25 1800 49 <25 80 <25 24.0 7.02 21.51 1391 0.32 1184 36.9 3.8 2.0 na na 164 Q
IP2-SB19 7/2/2007 51-55 No <1.0 3.2 <1.0 <1.0 <1.0 0.15 J -107.9 6.97 22.12 1715 0.42 2122 10.2 2.1 0.98 na na 179 Q

MW-13B 4/16/2007 45-55 <50 1800 93 <50 75 <50 -63.6 7.00 19.48 1571 0.55 22.9 0.56 1.9 0.57 <0.0080 na 177 Q
Injection at IP-2S 5/10/2007 35-45
Injection at IP-2D 5/11/2007 45-55
MW-13B 5/15/2007 45-55 No na na na na na na na na na na na na na na na na na na
MW-13B 5/16/2007 45-55 No na na na na na na na na na na na na na na na na na na
MW-13B 5/23/2007 45-55 No na na na na na na na na na na na na na na na na na na
MW-13B 5/24/2007 45-55 No <50 2200 150 <50 99 <50 -2.2 7.05 19.89 1573 0.60 10.6 0.15 1.7 0.48 na na 172 Q
MW-13B 5/29/2007 45-55 No na na na na na na na na na na na na na na na na na na
MW-13B 5/30/2007 45-55 No na na na na na na na na na na na na na na na na na na
MW-13B 6/5/2007 45-55 No <25 940 1400 5.9 J 120 3.2 J -130.0 6.80 19.56 1522 0.33 na 1.4 1.9 0.69 na na 166 Q
MW-13B 7/5/2007 45-55 No <25 1400 360 <25 86 <25 -81 7.05 25.98 1825 1.71 16.5 0.22 1.6 0.48 na na 166 Q

TW-1 4/16/2007 35-75 -- <20 850 190 <20 46 5.1 J 22.5 7.00 19.40 1617 0.32 2.30 0.11 0.79 B 0.057 <0.0080 na 188 Q
Injection at IP-2S 5/10/2007 35-45
TW-1 5/10/2007 35-75 No na na na na na na na na na na na na na na na na na na
TW-1 5/11/2007 35-75 No na na na na na na na na na na na na na na na na na na
Injection at IP-2D 5/11/2007 45-55
TW-1 5/15/2007 35-75 Yes na na na na na na na na na na na na na na na na na na
TW-1 5/16/2007 35-75 Yes na na na na na na na na na na na na na na na na na na
TW-1 5/24/2007 35-75 Yes na na na na na na 606.2 6.87 19.99 1687 1.14 28.90 0.14 <1.0 33.7 2.2 <2.0 J 157 Q
TW-1 5/29/2007 35-75 Yes na na na na na na na na na na na na na na na na na na
TW-1 6/5/2007 35-75 Yes 2.9 <1.0 <1.0 <1.0 <1.0 <1.0 587.8 6.83 20.66 1643 0.22 na 0.66 1.1 9.9 <0.008 2.4 Q 154 Q
TW-1 7/5/2007 35-75 No <25 1100 340 3.7 J 78 <25 62.0 7.01 21.54 1698 0.91 23.7 0.23 <1.0 0.78 0.55 0.58 Q 167 Q

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1
Ground Water Analytical Results - Chemical Oxidation Pilot Study

Hookston Station Site
Pleasant Hill, California

Specific Dissolved Dissolved Dissolved
Sample Identification Date Depth PCE TCE c-1,2-DCE t-1,2-DCE 1,1-DCE VC ORP pH Temperature Conductance Oxygen Turbidity Iron Potassium Manganese Chromium Chromium VI Chloride

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (mV) (Celcius) (µS/cm) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
California State MCL: 5 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

okston Station Ground Water Cleanup Standard: n/a 5 6 10 6 0.5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
d Water Cleanup Standard (for vapor intrusion): n/a 530 6,200 6,700 6,300 3.8 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Oxidant 
Visually 

Observed

Notes: Chemicals:
All samples analyzed by USEPA method 8260B at Test America in Sacramento, California. PCE = Tetrachloroethene

µg/L = Micrograms per Liter. TCE = Trichloroethene
n/a = Not applicable c-1,2-DCE = cis-1,2-Dichloroethene

na = Not analyzed t-1,2-DCE = trans-1,2-Dichloroethene
< = Analyte not detected at or above the reporting limit. 1,1-DCE = 1,1-Dichloroethene
J = Estimated detected result. VC = Vinyl chloride

U = Detected sample result qualified as nondetected. 1,1,1-TCA = 1,1,1-Trichloroethane
UJ = Nondetected results qualified as estimated at the report limit. 1,1-DCA = 1,1-Dichloroethane

B = Estimated result.  Result is less than the RL. 1,1,2-TCA = 1,1,2-Trichloroethane
Q = Elevated reporting limit due to high analyte levels. 1,2-DCA = 1,2-Dichloroethane

nm = Not measured, insufficient water volume.
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Table 2
Theoretical Radius of Influence Calculations at IP-1
Hookston Station
Pleasant Hill, CA

Porosity (sand) 36% Feasibility Study Appendix F
 Geotechnical Laboratory Report (ERM 2006)

KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 0.75 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)

Observed Initial Radius of Influence = 10 ft 1 ft3 = 7.480519 gallons
Assumed Depth of Influence = 10 ft
Volume of Observed Initial Area of Influence= 3142 ft3

Pore Space of Cylinder = 1131 ft3

Volume KMnO4 Input (gal) = 2800 gallons
Volume KMnO4 Input (ft^3) = 374 ft3

Theoretical Initial Radius of Influence = 5.75 ft
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Table 3
Theoretical Radius of Influence at IP-2
Hookston Station
Pleasant Hill, CA

Porosity (sand) 36% Feasibility Study Appendix F
 Geotechnical Laboratory Report (ERM 2006)

KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 0.75 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)

Observed Initial Radius of Influence = 10 ft 1 ft3 = 7.480519 gallons
Assumed Depth of Influence = 10 ft
Volume of Observed Initial Area of Influence= 3142 ft3

Pore Space of Cylinder = 1131 ft3

Volume KMnO4 Input (gal) = 3300 gallons
Volume KMnO4 Input (ft^3) = 441 ft3

Theoretical Initial Radius of Influence = 6.25 ft
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Table 4
Theoretical and Observed Area of Influence IP-2
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Treatment Area to be calculated ft2
TCE Concentration in Water 6300 ug/l (at wells MW-13B and TW-1)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for T 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 1 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)
Safet Factor 0.25

Total 2% Permangante Solution Uptake (gal)= 3,300                                gal
Total Permanganate Uptake (lb)= 561                                   lb (for 2% solution)

Theoretical area impacted = 1,154                                ft2 shallow 119 lbs
deep 255 lbs

Observed Area of Influence (Rectangle With Half Circle)
Initial injection radius of influence = 10                                     ft

Length of influence plume = 20                                     ft
Estimated Observed Area Impacted = 557                                   ft2

Include Traverse Dispersivity
Traverse Dispersivity Fraction = 1% ft

Estimated Observed Area Impacted = 561                                   ft2

Actual Area % of Theoretical = 48%
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Table 5A
Field SOD Calculations - Average Estimation
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Observed Area Treated 561 ft2
TCE Concentration in Water 6300 ug/l (at well MW-11B)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 1.22 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)
Total 2% Permangante Solution Uptake (gal)= 3,300              gal
Total Permanganate Mass (lbs) 561                 lbs

Dissolved TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Volume of Water 15149 gal.
TCE Mass 0.80 lb
TCE Mass 0.006 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.01 lbmol
Stoichiometric Permanganate Need (lb) 1.92 lb

Adsorbed TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Estimated soil TCE Concentration 6300 ug/kg (or ppb)
Mass of Impacted Soil 561,080          lb
TCE Mass 3.53 lb
TCE Mass 0.027 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.05 lbmol
Stoichiometric Permanganate Need (lb) 8.50 lb

Chemical Oxidant Demand (COD) 10.42

Soil SOD TCE Uptake
Volume of Observed Impacted Soil 207.81 cy

Calculated SOD ((lbs KMnO4 added - COD)/volume) 2.6 lb/cy
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Table 5B
Field SOD Calculations - High Estimation
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Observed Area Treated 343 ft2
TCE Concentration in Water 1900 ug/l (at well MW-11B)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 1.22 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)
Total 2% Permangante Solution Uptake (gal)= 3,500               gal
Total Permanganate Mass (lbs) 595                  lbs

Dissolved TCE Uptake
Dissolved TCE Concentration 1900 ug/l
Pore Space Water Volume 9261 gal.
# of Pore Flushes 0 flushes
Volume of Water 9261 gal.
TCE Mass 0.15 lb
TCE Mass 0.001 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.00 lbmol
Stoichiometric Permanganate Need (lb) 0.35 lb

Adsorbed TCE Uptake
Dissolved TCE Concentration 1900 ug/l
Estimated soil TCE Concentration 1900 ug/kg (or ppb)
Mass of Impacted Soil 343,000           lb
TCE Mass 0.65 lb
TCE Mass 0.005 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.01 lbmol
Stoichiometric Permanganate Need (lb) 1.57 lb

Chemical Oxidant Demand (COD) 1.92

Soil SOD TCE Uptake
Volume of Observed Impacted Soil 127.04 cy

Calculated SOD ((lbs KMnO4 added - COD)/volume) 4.7 lb/cy
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Table 5C
Field SOD Calculations - Low Estimation
Hookston Station
Pleasant Hill, CA

Saturated Zone Thickness 10 ft
Observed Area Treated 832 ft2
TCE Concentration in Water 6300 ug/l (at well MW-11B)
Porosity 36% Feasibility Study Appendix F

 Geotechnical Laboratory Report (ERM 2006)
KMnO4-TCE Reaction: 2 KMnO4 + C2 HCl3 → 2CO2 + 2MnO2 + 2K+ + 3C1- + H+

MW of TCE 131.37  lb/lbmol
MW of KMnO4 158.04  lb/lbmol
Density of 3% Permanganate Solution 8.5 lb/gal
Distribution coefficient (Kd) for aquifer matrix for TCE 1  L/kg (EPA Region 9 PRG Tables, October 2004)
Soil Oxidant Demand for Permangante 1.22 lb/cy (Feasibility Study, Appendix C - 

Chemical Oxidation Treatability Study (ERM 2006)
Total 2% Permangante Solution Uptake (gal)= 2,000               gal
Total Permanganate Mass (lbs) 340                  lbs

Dissolved TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Pore Space Water Volume 22464 gal.
# of Pore Flushes 2 flushes
Volume of Water 67392 gal.
TCE Mass 3.54 lb
TCE Mass 0.027 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.05 lbmol
Stoichiometric Permanganate Need (lb) 8.52 lb

Adsorbed TCE Uptake
Dissolved TCE Concentration 6300 ug/l
Estimated soil TCE Concentration 6300 ug/kg (or ppb)
Mass of Impacted Soil 832,000           lb
TCE Mass 5.24 lb
TCE Mass 0.040 lbmol
Stoichiometric Permanganate Need (lb-moles) 0.08 lbmol
Stoichiometric Permanganate Need (lb) 12.61 lb

Chemical Oxidant Demand (COD) 21.13

Soil SOD TCE Uptake
Volume of Observed Impacted Soil 308.15 cy

Calculated SOD ((lbs KMnO4 added - COD)/volume) 1.0 lb/cy
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Table 6
Estimated Mass of TCE Destroyed Calculations
Hookston Station
Pleasant Hill, CA

Initial TCE Concentration in GW 1900 µg/L
Initial TCE Concentration in Soil 1900 ug/kg
Lenth of treated area 20 ft
Observed Area Treated 561 ft2

Depth of Treated Area 10 ft
Groundwater Velocity 0.7 ft/day
KMnO4 Residence Time 6 weeks
Effective Porosity 36%
1 ft3 = 28.3 liters
1 pound = 4.536E+08 µg

Volume of GW in Treated Area 57197 liters
Number of pore flushes 1.47 flushes

Mass of TCE Treated in Soil 2.13 lbs
Mass of TCE Treated in GW 0.35 lbs

Total Mass of TCE Treated 2.48 lbs
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Attachment 1 
SOD Evaluations 



Memorandum Environmental 
Resources 
Management  

1777 Botelho Drive 
Suite 260 
Walnut Creek, CA  94596 
(925) 946-0455 
(925) 946-9968 (fax) 

A member of the Environmental 
Resources Management Group 

To: Project File 

From: Arun Chemburkar 

Date: 31 May 2006 

Subject: Chemical Oxidation Treatability Study for 
UPRR/Helix, Pleasant Hill, California 

This memorandum is intended to accompany and summarize the 22 
December 2003 letter report Chemical Oxidation Treatability Study for 
UPRR/Helix, Pleasant Hill, California produced by ERM’s Remediation 
Technology Center (RTC) in Lawrenceville, New Jersey. 

To evaluate the effectiveness of chemical oxidation using permanganate 
and persulfate in treating site soils, RTC analyzed two composite samples 
(designated “shallow” and “deep”), in late 2003.  Specifically the bench-
scale tests evaluated the soil permanganate demand and the amount of 
persulfate consumed by the samples.  A sample of each of the composites 
was also sent to Severn Trent Laboratories in West Sacramento, California 
for total organic carbon and volatile organic compound analyses. 

The shallow soil composite, collected from depths representative of the A-
Zone aquifer, exhibited a “moderate” total permanganate demand (4 to 7 
pounds per cubic yard [lb/yd3]).  The shallow soil composite consumed 
only 15 to 17%, (5X and 20X concentrations, respectively), of the initial 
persulfate concentrations during the 14-day test.  This relates to a 
persulfate demand of 6 to 27 lb/yd3. 

The deep soil composite, collected from depths representative of the B-
Zone aquifer, exhibited a “low” total permanganate demand, (0.5 to 1 
lb/yd3).  As with the shallow sample, the deep soil composite consumed 
only 15 to 17% of the initial persulfate concentrations during the 14-day 
test.  This consumption rate relates to a persulfate demand of 6 to 28 
lb/yd3. 

Based on the significantly greater amount necessary to treat a given soil 
volume and the increased cost per pound of persulfate, permanganate is 
the preferred oxidant for implementing a chemical oxidation remediation 
for ground water treatment at the site. 

 



 

22 December 2003 

Reference:  0011397 

 
Mr. Arun Chemburkar 
ERM-West, Inc. 
1777 Botelho Drive, Suite 260 
Walnut Creek, CA  94596 
 

Re:  Chemical Oxidation Treatability Study for UPRR/Helix, 
Pleasant Hill, California 

Dear Mr. Chemburkar, 

This letter report presents the findings of the recent chemical oxidation 
treatability study performed on VOC-contaminated soils collected from the 
Hookston Station Site in Pleasant Hill, California.  The study was designed 
to evaluate the total soil permanganate demand and the amount of 
persulfate consumed by each of two soil samples. 

SUPPLY OF SITE SOILS 
 
Site soil samples arrived at ERM’s Remediation Technology Center (RTC) in 
Lawrenceville, New Jersey on 3 October 2003.  Five soil samples arrived in 
good condition, were logged in, and were designated as follows: 
 

• 08190-01:  B-68-17.5-18.5; 

• 08190-02:  MW-13B-23; 

• 08190-03:  B-68-53; 

• 08190-04:  MW-12B-18.5; and 

• 08190-05:  MW-12B-53. 
 
All samples were stored refrigerated until used.   

TREATABILITY STUDY 
 
The study consisted of three phases of work as described in the sections that 
follow. 

Environmental  
Resources 
Management 
 
250 Phillips Blvd, Suite 280 
Ewing New Jersey 08618 
609-895-0050 
609-895-0111 (fax) 



Mr. Arun Chemburkar 
Ref.:  0011397 
22 December 2003 
Page 2 

Phase I:  Initial Characterization 

The five soil samples were combined into two separate composites, 
designated as “shallow” and “deep.”  The shallow composite was made up 
from B-68-17.5-18.5, MW-13B-23, and MW-12B-18.5.  The deep composite 
was made up from B-68-53 and MW-12B-53.   

Each of the composite soils was constructed by adding the individual soils 
to a large bucket, mixing them together by hand until they appeared 
homogeneous, and then removing any large debris that was present.  A 
sample from each of the composite soils was submitted to Severn Trent 
Laboratories (STL) in West Sacramento, California, for Total Organic 
Carbon (TOC) and VOC analyses.  The results of these tests are shown in 
Table 1.  

The VOC concentrations were needed to determine the stoichiometric 
demand of the chlorinated solvents present in each soil composite for 
persulfate treatment.  Because no VOCs were detected in either composite 
soil, an “assumed” total VOC concentration of 75 mg/kg was used to 
calculate the mass of persulfate to add in the Persulfate Soil Consumption 
Test.  The ERM-West project manager discussed and approved this 
assumed total VOC concentration. 

Phase II:  Total Soil Permanganate Demand 
 
In addition to reacting with many hazardous chemicals, permanganate will 
react with many organic and inorganic materials naturally present in site 
soils.  If the concentrations of these non-target oxidizable materials are very 
high, large amounts of oxidant will be required for field treatment, resulting 
in high full-scale implementation costs.  The soil demand test is designed to 
evaluate the oxidant demand exerted by site soils. 

The test was individually performed on each composite soil by adding 25 
grams of wet-weight processed soil to each of ten 50-ml centrifuge tubes.  
Increasing volumes (20 µL to 10 mL) of a stock 5% potassium permanganate 
solution and distilled water were added to each tube to bring the total 
liquid volume in each tube to approximately 40 mL.  The ten tubes made up 
a concentration series ranging from 1 to 500 mg of potassium permanganate 
per tube; each tube in the series contained twice the permanganate 
concentration of the preceding tube.  In addition, a “Control” tube was 
constructed containing only soil and distilled water.  All tubes were 
incubated at room temperature (approximately 20°C) in the laboratory. 
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All centrifuge tubes were manually mixed over the 15-day reaction period 
(18 November to 3 December 2003).  At that time, the color of the liquid in 
each tube was visually determined and recorded.  For each composite, the 
pH and ORP of the tubes which bracketed the tube with the lowest residual 
concentration of permanganate were also measured and recorded. 

Solutions containing residual permanganate were pink to purple in color, 
while solutions in which the starting mass of permanganate had been 
essentially depleted were colorless.  The actual total soil permanganate 
demand concentration lies between the tube with highest concentration of 
exhausted permanganate and the tube with the lowest concentration of 
residual permanganate.  The results of the permanganate demand tests for 
the composite soils are shown in Table 2.   

Shallow Composite:  The soil permanganate demand is between 1.4 and 2.6 
g/kg.  Based on comparisons with similar oxidant demand tests, this soil 
would be considered to exhibit a “moderate” total permanganate demand.  
This result is consistent with the relatively moderate TOC concentration of 
the processed soil. 

Scaled up, the permanganate demand would theoretically correspond to the 
need for approximately 4 to 7 pounds of permanganate per cubic yard of 
soil treated.  These calculations were made assuming a soil porosity of 30% 
and a bulk density of 2,700 lb/yd3. 

Deep Composite: The soil permanganate demand is between 0.17 and 0.35 
g/kg.  Based on comparisons with similar oxidant demand tests, this soil 
would be considered to exhibit a “low” total permanganate demand.  This 
result is consistent with the low TOC concentration of the processed soil. 

Scaled up, the permanganate demand would theoretically correspond to the 
need for approximately 0.5 to 1 pound of permanganate per cubic yard of 
soil treated.  These calculations were made assuming a soil porosity of 30% 
and a bulk density of 2,700 lb/yd3.   

Phase III:  Persulfate Soil Consumption Test 
 
The test was individually performed on each of the two composites by 
adding 200 g of wet-weight processed soil to each of three 500-mL 
centrifuge bottles.  The Control bottle then received 300 mL of distilled 
water, was sealed, and shaken by hand to mix.  One reaction bottle then 
received 3 g of sodium persulfate to achieve an oxidant mass equal to five 
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times the stoichiometric demand of the “assumed concentration” of 
contaminants.  The second reaction bottle received 12 g of sodium 
persulfate to achieve a 20 times excess mass of oxidant.  Each of these two 
reaction bottles then received an iron catalyst at 100 mg/Kg.  The bottles 
were then filled with 300 mL of distilled water, capped, and shaken by hand 
to mix. 
 
The six bottles were placed on a shaker table to mix over the 14-day reaction 
period (19 November to 3 December 2003).  After seven days of treatment 
(26 November 2003), the bottles were removed from the shaker table, and 
the slurries were analyzed for pH, ORP, and residual persulfate.  The bottles 
were then returned to the shaker table to complete the reaction period.  On 
Day 14 (03 December 2003), the six bottles were again removed from the 
shaker table and the slurries were analyzed for pH, ORP, and residual 
persulfate.  Results from this test are shown in Table 3. 

Shallow Composite:  After a 14-day reaction period, residual persulfate 
was detected in both the 5X and 20X excess reaction samples.  The percent 
loss of the 5X excess reaction sample was 14.94%, and the 20X excess 
reaction showed a 16.52% loss.  On a mass consumed per mass of soil 
treated basis, the 5X composite exhibited a total demand of approximately 2 
grams of persulfate per kilogram of wet-weight soil, while the 20X 
composite exhibited a total demand of approximately 10 grams per 
kilogram. 

These rates of persulfate loss were deemed to be relatively “low,” and 
indicate that a significant concentration of residual persulfate would be 
expected to exist in site soils after a contact time of two weeks.  The residual 
persulfate would be available for continued chemical oxidation of such soils 
and/or provide oxidation potential as the oxidant is diluted and moves 
down gradient with the groundwater flow. 

Deep Composite:  After a 14-day reaction period, residual persulfate was 
detected in both the 5X and 20X excess reaction samples.  The percent loss 
of the 5X excess reaction sample was 14.94%, and the 20X excess reaction 
showed a 17.31% loss.  On a mass consumed per mass of soil treated basis, 
the 5X composite exhibited a total demand of approximately 2 grams of 
persulfate per kilogram of wet-weight soil, while the 20X composite 
exhibited a total demand of approximately 10.5 grams per kilogram. 

These rates of persulfate loss were deemed to be relatively “low,” and 
indicate that a significant concentration of residual persulfate would be 
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expected to exist in site soils after a contact time of two weeks.  The residual 
persulfate would be available for continued chemical oxidation of such soils 
and/or provide oxidation potential as the oxidant is diluted and moves 
down gradient with the groundwater flow. 

CONCLUSIONS 

The following conclusions can be drawn from the results of this treatability 
study: 

• The “Shallow” soil composite exhibited a total permanganate demand of 
1.4 to 2.6 g/kg, a range considered to be “moderate” based on the results 
of many such tests;   

• The “Shallow” soil composite consumed a relatively low percentage of 
the starting persulfate concentration during the two week test (15 to 
17%, respectively, with a 5X and 20X stoichiometric excess).  The 5X and 
20X composite soils exhibited a total demand of approximately 2 and 10 
grams of persulfate per kilogram of wet-weight soil, respectively; 

• The “Deep” soil composite exhibited a total permanganate demand of 
0.17 to 0.35 g/kg, a range considered to be “low;” and 

• The “Deep” soil composite consumed a relatively low percentage of the 
starting persulfate concentration during the two week test (15 to 17%, 
respectively, with a 5X and 20X stoichiometric excess).  The 5X and 20X 
composite soils exhibited a total demand of approximately 2 and 10.5 
grams of persulfate per kilogram of wet-weight soil, respectively 

The representativeness of the soil samples supplied for use in the demand 
tests should be carefully considered when interpreting the laboratory 
results.  This is especially true when composite, rather than discrete samples 
are tested.  Results from soils not “typical” of those at the site to be treated 
can result in significant under or over statement of the true soil oxidant 
demands.  Field pilot testing can be used to verify the bench-scale results 
and to provide data valid for process scale-up.   

Since both permanganate and persulfate are successful in oxidizing 
chloroethenes, the choice between the oxidants typically centers around two 
key issues:  (1) economics of use, and (2) ease of implementation.  For 
economics of use, the total oxidant demand numbers can be compared to 
provide an initial evaluation of cost-effectiveness.  For ease of 
implementation, permanganate treatment is in general superior to 
persulfate oxidation because permanganate solutions are chemically stable, 
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react without the need for catalysts, and the pink to purple color of these 
solutions is helpful in easily determining whether the oxidant is present or 
not. 

The shallow composite soils exhibited an extrapolated total permanganate 
demand of 4 to 7 pounds of permanganate per cubic yard of soil treated, 
while the total persulfate demand ranged from approximately 6 pounds of 
persulfate per cubic yard at 5X stoichiometry to 27 pounds of persulfate per 
cubic yard at 20X stoichiometry.  Assuming that these demand numbers are 
accurate, permanganate treatment is cheaper than persulfate treatment on 
chemical cost per cubic yard of treated soil basis. 

The deep composite soils exhibited an extrapolated total permanganate 
demand of only 0.5 to 1 pound of permanganate per cubic yard of soil 
treated, while the total persulfate demand ranged from approximately 6 
pounds of persulfate per cubic yard at 5X stoichiometry to 28 pounds of 
persulfate per cubic yard at 20X stoichiometry.  Assuming that these 
demand numbers are accurate, permanganate treatment is cheaper than 
persulfate treatment on chemical cost per cubic yard of treated soil basis. 

In addition to the favorable reagent cost, permanganate treatment is both 
simpler to implement and more likely to behave in a predictable manner in 
the field. 

Should you have any questions about the study or need additional 
information, please feel free to contact me at 609-895-0050. 

 

Sincerely, 

 
 
Richard A. Brown 
 
 

 



Table 1.  Initial Characterization Results   
Hookston Station 
Pleasant Hill, CA
16-Dec-03

1-A.  Shallow Composite

Analyte Concentration        
(mg/kg)

Total Organic Carbon (TOC) 1,720
VOCs ND*

*Not detected

1-B.  Deep Composite

Analyte Concentration        
(mg/kg)

Total Organic Carbon (TOC) 455
VOCs ND*

*Not detected



Table 2.  Total Soil Permanganate Demand
Hookston Station
Pleasant Hill, CA
16-Dec-03

2-A.  Shallow Composite
Theoretical 

Permanganate Load
(mg/kg of

wet-weight soil)

Actual
Permanganate Load

(mg/kg of
wet-weight soil)

Observed 
Supernatent 

Color

Observed 
ORP 
(mV)

Observed 
pH

Permanganate 
Demand
(g/kg of

wet weight soil)

Permanganate 
Demand              

(lbs/yd3 soil)*

20,000 21,054 Purple NA** NA < 21 < 57
10,000 10,523 Purple NA NA < 11 < 28
5,000 5,266 Purple 659.2 7.5 < 5 < 14
2,500 2,570 Pink 582.5 7.9 < 2.6 < 6.9
1,250 1,397 Clear 534.3 8.6 > 1.4 > 3.8
625 714 Clear NA NA > 0.71 > 1.9
313 351 Clear NA NA > 0.35 > 0.95
156 157 Clear NA NA > 0.16 > 0.42
78 81 Clear NA NA > 0.081 > 0.22
39 52 Clear NA NA > 0.052 > 0.14

*Assumes a 30% porosity and a soil bulk density of 100 lbs/ft3

**NA = Not Analyzed

2-B.  Deep Composite
Theoretical 

Permanganate Load
(mg/kg of

wet-weight soil)

Actual
Permanganate Load

(mg/kg of
wet-weight soil)

Observed 
Supernatent 

Color

Observed 
ORP 
(mV)

Observed 
pH

Permanganate 
Demand
(g/kg of

wet weight soil)

Permanganate 
Demand              

(lbs/yd3 soil)*

20,000 20,974 Purple NA** NA < 21 < 57
10,000 10,539 Purple NA NA < 11 < 28
5,000 5,261 Purple NA NA < 5 < 14
2,500 2,583 Purple NA NA < 2.6 < 7.0
1,250 1,402 Purple 627.5 7.9 < 1.4 < 3.8
625 695 Purple 586.1 8.3 < 0.70 < 1.9
313 354 Lt. Pink 542.3 8.5 < 0.35 < 0.96
156 165 Clear 598.5 8.8 > 0.17 > 0.45
78 77 Clear NA NA > 0.077 > 0.21
39 40 Clear NA NA > 0.040 > 0.11

*Assumes a 30% porosity and a soil bulk density of 100 lbs/ft3

**NA = Not Analyzed



Table 3.  Persulfate Soil Consumption Test
Hookston Station 
Pleasant Hill, CA
16-Dec-03

3-A.  "Time = 7 Days" Results

Sample pH ORP
Initial      

Oxidant     
(mg/L)

Residual 
Oxidant     
(mg/L)

Percent      
Loss

Persulfate 
Demand 
(g/kg)* 

Persulfate 
Demand 

(lb/yd3 soil)**

Shallow Composite 5X 7.4 602.1 10,000 8,821 11.8 1.8 4.8
Deep Composite 5X 7.6 611.3 10,000 8,506 14.9 2.2 6.1

Shallow Composite 20X 7.2 691.7 40,000 33,392 16.5 9.9 26.8
Deep Composite 20X 7.0 690.4 40,000 34,337 14.2 8.5 22.9

*Wet-weight soil
**Assumes a 30% porosity and a soil bulk density of 100 lbs/ft3

3-B.  "Time = 14 Days" Results

Sample pH ORP
Initial      

Oxidant     
(mg/L)

Residual 
Oxidant     
(mg/L)

Percent       
Loss

Persulfate 
Demand 
(g/kg)* 

Persulfate 
Demand 

(lb/yd3 soil)**

Shallow Composite 5X 7.5 613.0 10,000 8,506 14.9 2.2 6.1
Deep Composite 5X 7.5 642.4 10,000 8,506 14.9 2.2 6.1

Shallow Composite 20X 7.2 652.1 40,000 33,392 16.5 9.9 26.8
Deep Composite 20X 7.0 666.9 40,000 33,077 17.3 10.4 28.0

*Wet-weight soil
**Assumes a 30% porosity and a soil bulk density of 100 lbs/ft3
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Subject:   RemOx
®
 S ISCO Reagent Soil Oxidant Demand 

 

Summary 

The permanganate soil oxidant demand (PSOD) for the low permanganate dose at 48 hours was 

determined to be 2.2 g/kg. The PSOD for the medium permanganate dose at 48 hours was 

determined to be 3.6 g/kg. The PSOD for the high permanganate dose at 48 hours was 

determined to be 3.8 g/kg. These values are calculated on a weight as potassium permanganate 

(KMnO4) per dry weight of soil.  

 

Background 

One soil sample was received from Environmental Resources Management from the Hookston 

Station project (Project # 0020557.22) on March 2, 2007. The soil sample was identified as CPT-

34-38. The sample was analyzed for a permanganate soil oxidant demand. The measurement of 

the permanganate soil oxidant demand is used to estimate the concentration of permanganate that 

will be consumed by the natural reducing agents as well as the contaminants of concern in the 

soil during a given time period.  

 

Experimental 

To determine the PSOD, a reaction vessel for each sample was filled with 30 grams of the soil. 

Large rocks (>5 grams) were excluded from the analysis. A total volume of 60 mLs of deionized 

water and concentrated permanganate dosing solution were added for a 1:2 soil to added water 

ratio. The initial permanganate concentrations were 3.3 g/kg (low dose), 16.4 g/kg (medium 

dose), and 32.9 g/kg (high dose) on a dry soil basis. The reaction vessels were inverted twice per 

day during the 48-hour reaction time. Residual permanganate (MnO4
-
) was determined at 48 

hours. The moisture content for each soil sample was determined using ASTM Method D 2216-

98 and the demands were calculated on a dry weight basis. 

 

Results 
The permanganate demand is the amount of permanganate consumed in a given amount of time. 

It should be noted that in a soil or groundwater sample, the oxidation of any compound by 

permanganate is dependent on the initial dose of permanganate and the reaction time available. 

As the permanganate dose is increased, the reaction rate and oxidant consumption may also 



 

increase. Some compounds that are not typically oxidized by permanganate under low doses can 

become reactive with permanganate at higher concentrations. Therefore, increasing the 

permanganate dose to extreme excess could be disadvantageous to a remediation project (e.g., 

inefficient chemical usage, higher costs, etc.).  

 

The 48-hour PSOD results of the soil for the low, medium, and high oxidant doses can be seen in 

Table 1 (on a dry soil basis).  

 

Table 1: 48-Hour PSOD* for the Low, Medium, and High Permanganate Doses  

Sample ID 

Soil 

Low Dose 

(g/kg) 

Medium Dose 

(g/kg) 

High Dose 

(g/kg) 

Soil Moisture 

(%) 

CPT-34-38 2.2 3.6 3.8 19.73 

* All demands were calculated on a dry weight basis. To convert the demand results from a dry 

basis to an as received basis, multiply the dry value by 1 minus the moisture. For example, the 

demand from the high dose is 3.8 g/kg (dry) x (1-0.1973) = 3.1 g/kg (as received).  

 

 
 

Conclusions 

For this application the amount of permanganate needed will be dependent on the reaction time 

allowed. The sample had a low soil demand with a 48-hour permanganate demand value of 3.8 

g/kg for the high permanganate dose at 48 hours. Generally, remediation sites with a soil/site 

groundwater demand of less than 35.0 g/kg at 48 hours for the high permanganate dose are 

favorable for in-situ chemical oxidation with permanganate (see Table 2 for additional 

information).  

 

Table 2: Correlation of Soil Oxidant Demand Results* 

PSOD (g/kg) Rank Comment 

<15 Low ISCO with MnO4
-
 is recommended. PSOD 

contribution to MnO4
-
 demand is low. 

15-35 Moderate ISCO with MnO4
-
 is recommended. 

35-50 Moderately High ISCO with MnO4
-
 is recommended but PSOD will 

contribute significantly to MnO4
-
 demand.  Pilot 

testing may help define these demands. 

>50 High Pilot testing is highly recommended to determine 

effective PSOD at the site. 

*Dry Weight Basis 

 

RemOx
®
 ISCO Reagent is a registered trademark of Carus Corporation 
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Client: ERM
Brian Bjorklund
1777 Botelho Drive, Suite 260
Walnut Creek, CA 94596

 
Start Date: 2/12/2007

Completed Date: 2/20/2007

Site Address: 228 Hookston Road, Pleasant Hill, CA
Project Name Hookston Station

Project Scope:

Project Information:
CPT-33

CPT-34

CPT-35

CPT-44

CPT-46
CPT-45
CPT-43

CPT-42

CPT-47
CPT-40
CPT-39

CPT-48

CPT-38
CPT-37
CPT-50
CPT-36
CPT-41

Hand augered to 5' bgs.
Hand augered to 5' bgs.

Hand augered to 5' bgs.
Hand augered to 5'. Trigger off at 22.65' per Gregg Drilling request. Restarted in one minute 
and equilibrated for 80 seconds.
Hand augered to 5'.
Hand augered to 5'. 

Hand augered to 5.0' bgs. Range change at 4.0' bgs. Disregard ECD reading at that level.  
Stringpot had loose connection and data did not transfer for approx. 3-4'. From 60-64' bgs. 
The FC5000 needed to be reset at 66' due to a computer communication error.

Hand augered to 5' bgs.
Attenuation error/change at 5.6'-2.6', for actual.

Hand augered to 5' bgs.

Collected Membrane Interface Probe logs from 17 boring locations from approximately 
surface to as deep as 79 feet to identify and characterize the VOC’s, and give a detailed 
understanding of the chemical distribution.

Hand augered to 5' bgs. 
Hand augered to 5' bgs. Attenuation error at 40.55'. Disregard data. PID lamp went out at 
approximately 9' bgs. FID signal at 9' caused by opening the system to check PID lamp.
Hand augered to 5' bgs.
Hand augered to 5' bgs.  First 28.35' is not valid, due to stringpot error and/or potential open 
hole smearing/volatilization of contaminants.
Hand augered to 5' bgs.
Hand augered to 5' bgs.
Hand augered to 5' bgs.
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Date 
Sampled

Time 
Sampled Boring Name Total 

Depth

Confirmation
 Samples 

Soil

Confirmation 
Samples 

Groundwater
Feb 12 2007 12:06 CPT-33 72.85 Not Provided Not Provided
Feb 12 2007 14:48 CPT-34 76.95 Not Provided Not Provided
Feb 13 2007 09:12 CPT-35 74.25 Not Provided Not Provided
Feb 14 2007 16:11 CPT-44 54.55 Not Provided Not Provided
Feb 14 2007 09:51 CPT-46 57.15 Not Provided Not Provided
Feb 14 2007 11:49 CPT-45 56.9 Not Provided Not Provided
Feb 15 2007 10:16 CPT-43 75.15 Not Provided Not Provided
Feb 15 2007 14:12 CPT-42 72.35 Not Provided Not Provided
Feb 16 2007 08:57 CPT-47 75.15 Not Provided Not Provided
Feb 16 2007 12:01 CPT-40 78.45 Not Provided Not Provided
Feb 16 2007 15:01 CPT-39 76.15 Not Provided Not Provided
Feb 19 2007 13:50 CPT-48 74.85 Not Provided Not Provided
Feb 20 2007 10:52 CPT-38 75.15 Not Provided Not Provided
Feb 20 2007 13:50 CPT-37 78.8 Not Provided Not Provided
Feb 21 2007 09:11 CPT-50 51.4 Not Provided Not Provided
Feb 21 2007 08:59 CPT-36 79.05 Not Provided Not Provided
Feb 21 2007 15:52 CPT-41 77.85 Not Provided Not Provided

MIP Boring and Confirmation Sampling Summary
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Quality Control:

*Response Test - A test that ensures that the MIP system is working correctly.

Soil Confirmation 

Qualitative Analysis 
(Identification): 

Lithology:

Frank Stolfi
National Director of MIP Services

Vironex utilizes a response test* prior to each MIP boring. A solution containing water,
Trichloroethene & Toluene are mixed and transferred into a galvanized test pipe. The MIP is
then lowered into the test pipe for 45 seconds and then extracted. The trip time** is then noted
and entered into the FC5000 MIP computer.

**Trip Time - Time it takes for the standard to enter the MIP probe, at the probe membrane,  till the time a significant 
response is noticed  on the FC 5000 Computer

No electrical conductivity collected.

MIP Components 
Used:

• Gregg Drilling 30 Ton CPT Unit
• FC 5000 MIP Computer
• Flow Control Box
• HP Gas Chromatograph
• ECD (Electron Capture Detector)
• PID (Photo Ionization Detector)
• FID (Flame Ionization Detector)
• 200’ Trunk Line
• 1.75” MIP Probe
• 1.5” Drive Rods

No confirmation data was provided to Vironex.

The MIP system will detect most VOC’s (Volatile Organic Compounds) which have the
capability of migrating through the membrane. The ECD (Electron Capture Detector) will
typically detect chlorinated compounds. The PID will typically detect aromatic and double
bonded compounds, typical of gasoline components and some solvents. At high
concentrations the ECD, PID and FID may detect other compounds not normally associated
with the detector. Physical soil samples which are prepared by EPA Method 5035, and
analyzed by EPA Method 8260, may be semi correlated with the MIP responses. The MIP
responses are semi-correlated with most detected compounds, even those which are not 
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Client: ERM
Brian Bjorklund
1777 Botelho Drive, Suite 260
Walnut Creek, CA 94596
 

Start Date: 2/12/2007
Completed Date: 2/20/2007

Site Address: 228 Hookston Road, Pleasant Hill, CA
Project Name: Hookston Station

MIP Quality Control

Boring Name Date Time PID 
Response

ECD 
Response

Pressure 
(PSI)

Response 
Time (s)

QA QC 1 Feb 12 2007 11:48 Yes Yes 17.05 80

CPT-33 Feb 12 2007 12:06 16.78 80

QA QC 2 Feb 12 2007 14:34 Yes Yes 16.57 100

CPT-34 Feb 12 2007 14:48 16.40 100

QA QC 3 Feb 13 2007 09:01 Yes Yes 17.37 85

CPT-35 Feb 13 2007 09:12 16.90 85

QA QC 4 Feb 13 2007 12:56 Yes Yes 16.34 105

CPT-44 Feb 14 2007 16:11 18.30 150

QA QC 5 Feb 14 2007 09:38 Yes Yes 17.88 105

CPT-46 Feb 14 2007 09:51 17.66 105

QA QC 6 Feb 14 2007 11:38 Yes Yes 17.37 115

CPT-45 Feb 14 2007 11:49 17.16 115

QA QC 7 Feb 14 2007 16:01 Yes Yes 18.22 150

CPT-43 Feb 15 2007 10:16 18.55 150

QA QC 8 Feb 15 2007 09:59 Yes Yes 19.02 150

CPT-42 Feb 15 2007 14:12 17.33 90

Standard Summary

Standard

1 ppm TCE & 1 ppm 
Toluene

1 ppm TCE & 1 ppm 
Toluene

3 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

3 ppm TCE & 1 ppm 
Toluene

3 ppm TCE & 1 ppm 
Toluene

3 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene
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Boring Name Date Time PID 
Response

ECD 
Response

Pressure 
(PSI)

Response 
Time (s)

QA QC 9 Feb 15 2007 14:02 Yes Yes 17.24 90

CPT-47 Feb 16 2007 08:57 17.71 85

QA QC 10 Feb 16 2007 08:46 Yes Yes 18.27 85

CPT-40 Feb 16 2007 12:01 17.32 97

QA QC 11 Feb 16 2007 11:53 Yes Yes 17.46 97

CPT-39 Feb 16 2007 15:01 17.11 87

QA QC 12 Feb 16 2007 14:52 Yes Yes 17.19 87

CPT-48 Feb 19 2007 13:50 16.98 80

QA QC 13 Feb 19 2007 12:48 Yes Yes 17.55 80

CPT-38 Feb 20 2007 10:52 17.96 105

QA QC 14 Feb 20 2007 10:39 Yes Yes 18.72 105

CPT-37 Feb 20 2007 13:50 18.33 110

QA QC 15 Feb 20 2007 13:33 Yes Yes 18.14 110

CPT-50 Feb 21 2007 09:11 17.38 85

QA QC 16 Feb 21 2007 08:59 Yes Yes 18.23 85

CPT-36 Feb 21 2007 08:59 17.67 85

QA QC 17 Feb 21 2007 11:57 Yes Yes 18.03 85

CPT-41 Feb 21 2007 15:52 17.28 95

QA QC 18 Feb 21 2007 15:40 Yes Yes 17.30 95

Standard Summary

Standard

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 2.5 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 2.5 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene

5 ppm TCE & 1 ppm 
Toluene
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Boring Name Date Time PID 
Response

ECD 
Response

Pressure 
(PSI)

Response 
Time (s)

End of Day 1 Feb 12 2007 16:52 Yes Yes 16.19 113

End of Day 2 Feb 13 2007 14:56 Yes Yes 16.44 100

End of Day 3 Feb 14 2007 17:28 Yes Yes 18.42 145

End of Day 4 Feb 15 2007 16:50 Yes Yes 17.06 100

End of Day 5 Feb 16 2007 

End of Day 6 Feb 19 2007 

End of Day 7 Feb 20 2007 15:52 Yes Yes 17.98 113

End of Day 8 Feb 21 2007 15:40 Yes Yes 17.32 100

No end of day due to high ECD baselines

No end of day due to high ECD baselines

1 ppm TCE & Toluene

1 ppm TCE & Toluene

End of Day QA QC Summary

Standard

5 ppm TCE & Toluene

1 ppm TCE & Toluene

1 ppm TCE & Toluene

5 ppm TCE & Toluene
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SITE MAP

No Map Provided
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-33 Detector 1 : Electron Capture (ECD)
Date: Feb 12 2007 Detector 2 : Photo Ionization (PID)

 Time: 12:06 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-33 Graph 1 : Probe Temperature (C) 
Date: Feb 12 2007 Graph 2 : Probe Pressure (PSI)
Time: 12:06   
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Explanation: Hand augered to 5' bgs. 
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-34 Detector 1 : Electron Capture (ECD)
Date: Feb 12 2007 Detector 2 : Photo Ionization (PID)

 Time: 14:48 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-34 Graph 1 : Probe Temperature (C) 
Date: Feb 12 2007 Graph 2 : Probe Pressure (PSI)
Time: 14:48   
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Explanation: Hand augered to 5' bgs. Attenuation error at 40.55'. Disregard data. PID lamp went out at approximately
9' bgs. FID signal at 9' caused by opening the system to check PID lamp.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-35 Detector 1 : Electron Capture (ECD)
Date: Feb 13 2007 Detector 2 : Photo Ionization (PID)

 Time: 09:12 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-35 Graph 1 : Probe Temperature (C) 
Date: Feb 13 2007 Graph 2 : Probe Pressure (PSI)
Time: 09:12   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-44 Detector 1 : Electron Capture (ECD)
Date: Feb 14 2007 Detector 2 : Photo Ionization (PID)

 Time: 16:11 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-44 Graph 1 : Probe Temperature (C) 
Date: Feb 14 2007 Graph 2 : Probe Pressure (PSI)
Time: 16:11   
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Explanation: Hand augered to 5' bgs. First 28.35' is not valid, due to stringpot error and/or potential open hole
smearing/volatilization of contaminants.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-46 Detector 1 : Electron Capture (ECD)
Date: Feb 14 2007 Detector 2 : Photo Ionization (PID)

 Time: 09:51 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-46 Graph 1 : Probe Temperature (C) 
Date: Feb 14 2007 Graph 2 : Probe Pressure (PSI)
Time: 09:51   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-45 Detector 1 : Electron Capture (ECD)
Date: Feb 14 2007 Detector 2 : Photo Ionization (PID)

 Time: 11:49 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-45 Graph 1 : Probe Temperature (C) 
Date: Feb 14 2007 Graph 2 : Probe Pressure (PSI)
Time: 11:49   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-43 Detector 1 : Electron Capture (ECD)
Date: Feb 15 2007 Detector 2 : Photo Ionization (PID)

 Time: 10:16 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-43 Graph 1 : Probe Temperature (C) 
Date: Feb 15 2007 Graph 2 : Probe Pressure (PSI)
Time: 10:16   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-42 Detector 1 : Electron Capture (ECD)
Date: Feb 15 2007 Detector 2 : Photo Ionization (PID)

 Time: 14:12 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-42 Graph 1 : Probe Temperature (C) 
Date: Feb 15 2007 Graph 2 : Probe Pressure (PSI)
Time: 14:12   
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Explanation: Hand augered to 5.0' bgs. Range change at 4.0' bgs. Disregard ECD reading at that level. Stringpot
had loose connection and data did not transfer for approx. 3-4'. From 60-64' bgs. The FC5000 needed
to be reset at 66' due to a computer communication error.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-47 Detector 1 : Electron Capture (ECD)
Date: Feb 16 2007 Detector 2 : Photo Ionization (PID)

 Time: 08:57 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-47 Graph 1 : Probe Temperature (C) 
Date: Feb 16 2007 Graph 2 : Probe Pressure (PSI)
Time: 08:57   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-40 Detector 1 : Electron Capture (ECD)
Date: Feb 16 2007 Detector 2 : Photo Ionization (PID)

 Time: 12:01 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-40 Graph 1 : Probe Temperature (C) 
Date: Feb 16 2007 Graph 2 : Probe Pressure (PSI)
Time: 12:01   
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Explanation: Attenuation error/change at 5.6'-2.6', for actual.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-39 Detector 1 : Electron Capture (ECD)
Date: Feb 16 2007 Detector 2 : Photo Ionization (PID)

 Time: 15:01 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-39 Graph 1 : Probe Temperature (C) 
Date: Feb 16 2007 Graph 2 : Probe Pressure (PSI)
Time: 15:01   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-48 Detector 1 : Electron Capture (ECD)
Date: Feb 19 2007 Detector 2 : Photo Ionization (PID)

 Time: 13:50 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-48 Graph 1 : Probe Temperature (C) 
Date: Feb 19 2007 Graph 2 : Probe Pressure (PSI)
Time: 13:50   
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Explanation: Hand augered to 5'. Trigger off at 22.65' per Gregg Drilling request. Restarted in one minute and
equilibrated for 80 seconds.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-38 Detector 1 : Electron Capture (ECD)
Date: Feb 20 2007 Detector 2 : Photo Ionization (PID)

 Time: 10:52 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-38 Graph 1 : Probe Temperature (C) 
Date: Feb 20 2007 Graph 2 : Probe Pressure (PSI)
Time: 10:52   
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Explanation: Hand augered to 5'.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-37 Detector 1 : Electron Capture (ECD)
Date: Feb 20 2007 Detector 2 : Photo Ionization (PID)

 Time: 13:50 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-37 Graph 1 : Probe Temperature (C) 
Date: Feb 20 2007 Graph 2 : Probe Pressure (PSI)
Time: 13:50   
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Explanation: Hand augered to 5'. 

0

20

40

60

80

100

120

140

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76Depth (ft)

Pr
ob

e 
Te

m
pe

ra
tu

re
 (C

)

Probe Temperature MAX  °C

Pressure PSI

10

11

12

13

14

15

16

17

18

19

20

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

Depth (ft)

Pr
ob

e 
Pr

es
su

re
 (P

SI
)

Pressure PSI

Page 37 of 46



 

MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-50 Detector 1 : Electron Capture (ECD)
Date: Feb 21 2007 Detector 2 : Photo Ionization (PID)

 Time: 09:11 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-50 Graph 1 : Probe Temperature (C) 
Date: Feb 21 2007 Graph 2 : Probe Pressure (PSI)
Time: 09:11   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-36 Detector 1 : Electron Capture (ECD)
Date: Feb 21 2007 Detector 2 : Photo Ionization (PID)

 Time: 08:59 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-36 Graph 1 : Probe Temperature (C) 
Date: Feb 21 2007 Graph 2 : Probe Pressure (PSI)
Time: 08:59   
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Explanation: Hand augered to 5' bgs.
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-41 Detector 1 : Electron Capture (ECD)
Date: Feb 21 2007 Detector 2 : Photo Ionization (PID)

 Time: 15:52 Detector 3 : Flame Ionization (FID)
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MIP Log Results by Boring - Detector Reading vs. Depth

Client:            ERM Boring I.D.: CPT-41 Graph 1 : Probe Temperature (C) 
Date: Feb 21 2007 Graph 2 : Probe Pressure (PSI)
Time: 15:52   
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Explanation: Hand augered to 5' bgs.
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Maximum ECD Response Same Scale
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Maximum FID Response Same Scale
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Summary:   
Data was collected at the Hookston Station Site located at 228 Hookston Road, Pleasant 
Hill, CA using the MIP (Membrane Interface Probe) in conjunction with Gregg Drilling 
30 CPT unit at 17 sampling locations, collecting data from the surface to as deep as 79’ 
bgs. An ECD (Electron Capture Detector), PID (Photo Ionization Detector) and a FID 
(Flame Ionization Detector) were used with a Hewlett Packard 5890 Gas Chromatograph. 
  
The purpose of this MIP project was to identify and characterize the VOC’s, and give a 
detailed understanding of the chemical distribution. 
 
Contaminant Mass: 
ECD detections were noted at all MIP borings, with exception of CPT-50, CPT-47 and 
CPT-33. ECD detections were primarily located as shallow as 6’ bgs and as deep as 76’ 
bgs. The highest ECD detection of 5.5E+6 was noted at CPT-48 which was at 
approximately 43’ bgs. ECD detections are an indication of halogenated compounds. 

  
No significant PID responses were noted.  PID detections are an indication of double 
bonded compounds. 
 
FID detections were noted at all MIP borings with exception of CPT-47 and CPT-37. FID 
detections were primarily located as shallow as 1’ bgs and as deep as 76’ bgs. The 
highest FID detection 1.0E+6 was noted at CPT-41 which was between 2’ bgs to 10’ bgs. 
FID detections are an indication of combustible hydrocarbons. 
 
ECD detections were primarily between 30’ bgs to 54’ bgs. CPT-48 indicated higher 
ECD detections, and represented the highest ECD response closest to the surface.  
 
Soil Conductivity:  
Lithology information was collected by Gregg Drilling CPT system.  
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April 30, 2007 
 
 
STL SACRAMENTO PROJECT NUMBER: G7D180128 
PO/CONTRACT:                                     
 
 
Kimberly Lake 
Environmental Resources Mgmt. 
1777 Botelho Drive             
Suite 260 
Walnut Creek, CA  94596      
 
 
  
Dear Ms. Lake, 
 
This report contains the analytical results for the samples received under chain of custody by STL 
Sacramento on April 17, 2007.  These samples are associated with your 0020557.22 project.  
 
The test results in this report meet all NELAC requirements for parameters that accreditation is 
required or available.  Any exceptions to NELAC requirements are noted in the case narrative.  The 
case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4384. 
 
Sincerely, 
 

 
 
 
Karen Dahl     
Project Manager     
 
 

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 

©2007, Severn Trent Laboratories, Inc. All rights reserved. 
STL & Design® are registered service marks of Severn Trent Laboratories, Inc.
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General Comments 
The samples were received at 1 degrees C.  
 
 
WATER, 8260B, Volatiles             
Sample(s): 1, 2, 3, 4, 5 
There was insufficient sample available for matrix spikes. 
 
 
WATER, 300.0A, Chloride 
The matrix spikes, which were performed on sample 1, showed a high recovery due to possible 
matrix interferences.  Since the laboratory control sample showed acceptable recoveries, no 
corrective action was performed.   
 
 
 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 

Certifying State Certificate # Certifying State Certificate # 
Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) and 
are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 

Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  An 
aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD as 
required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 

Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of an 
analysis. 

Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 

Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to indicate 
the appropriateness of the method for a particular matrix.  The percent recovery for the respective compound(s) 
is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also spiked, in order to 
determine the precision of the method. 

Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the native 
target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
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Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the test 
results. 
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June 1, 2007 
 
 
STL SACRAMENTO PROJECT NUMBER: G7E150227 
PO/CONTRACT:                                     
 
 
Kimberly Lake 
Environmental Resources Mgmt. 
1777 Botelho Drive             
Suite 260 
Walnut Creek, CA  94596      
 
 
  
Dear Ms. Lake, 
 
This report contains the analytical results for the samples received under chain of custody by 
STL Sacramento on May 15, 2007.  These samples are associated with your Hookston 
Station project.  
 
The test results in this report meet all NELAC requirements for parameters that accreditation 
is required or available.  Any exceptions to NELAC requirements are noted in the case 
narrative.  The case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4384. 
 
Sincerely, 
 
 

 
 
Karen Dahl     
Project Manager     
 
 

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 

©2007, Severn Trent Laboratories, Inc. All rights reserved. 
STL & Design® are registered service marks of Severn Trent Laboratories, Inc. 
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WATER, 8260B, VOCs  
Sample(s): 1, 2 
There was insufficient sample available for matrix spikes. 
 
Sample(s): 1, 2 
The laboratory control sample showed a high recovery for carbon disulfide.  Since the 
associated sample results were all ‘ND’ for this analyte, no corrective action was performed. 
 
 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 
Certifying State Certificate # Certifying State Certificate # 

Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) 
and are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 
Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  
An aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD 
as required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 
Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of 
an analysis. 
Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 
Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to 
indicate the appropriateness of the method for a particular matrix.  The percent recovery for the respective 
compound(s) is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also 
spiked, in order to determine the precision of the method. 
Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the 
native target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the 
test results. 
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June 19, 2007 
 
 
STL SACRAMENTO PROJECT NUMBER: G7E250177 
PO/CONTRACT: 0020557.22                          
 
 
Kimberly Lake 
Environmental Resources Mgmt. 
1777 Botelho Drive             
Suite 260 
Walnut Creek, CA  94596      
 
 
  
Dear Ms. Lake, 
 
This report contains the analytical results for the samples received under chain of custody by 
STL Sacramento on May 25, 2007.  These samples are associated with your Hookston 
Station project.  
 
The test results in this report meet all NELAC requirements for parameters that accreditation 
is required or available.  Any exceptions to NELAC requirements are noted in the case 
narrative.  The case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4384. 
 
Sincerely, 
 
 

 
 
Karen Dahl     
Project Manager     
 
 

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 

©2007, Severn Trent Laboratories, Inc. All rights reserved. 
STL & Design® are registered service marks of Severn Trent Laboratories, Inc. 
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WATER, 8260B, VOCs              
Sample(s): 1, 2, 3, 5, 7 
There was insufficient sample available for matrix spikes. 
 
Sample(s): 2 
The beginning continuing calibration verification showed a high % deviation for bromoform.   
Since the associated sample result was ‘ND’ for this analyte, no corrective action was 
performed.   
 
Sample(s): 1, 3, 5, 7 
The laboratory control samples (associated with these samples) showed high recoveries for 
bromoform & carbon disulfide.  Since the associated sample results were ‘ND’ for these 
analytes, no corrective action was performed.   
 
Sample(s): 2 
The laboratory control samples (associated with this sample) showed high recoveries for 
bromoform.  Since the associated sample result was ‘ND’ for this analyte, no corrective 
action was performed.   
 
Sample(s): 5 
The pH of this sample was > 2.  The sample was analyzed within the SW-846 14 day holding 
time, but outside of the recommended 7 day holding time for unpreserved samples. 
It should also be noted that all voa vials for this sample contained sediment.  The liquid 
content of 2 voa vials were combined in order to prevent the sediment from clogging the 
autosampler. 
 
 
 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 
Certifying State Certificate # Certifying State Certificate # 

Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) 
and are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 
Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  
An aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD 
as required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 
Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of 
an analysis. 
Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 
Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to 
indicate the appropriateness of the method for a particular matrix.  The percent recovery for the respective 
compound(s) is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also 
spiked, in order to determine the precision of the method. 
Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the 
native target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the 
test results. 
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June 29, 2007 
 
 
STL SACRAMENTO PROJECT NUMBER: G7F060268 
PO/CONTRACT: 002070522                           
 
 
Brian Bjorklund 
Environmental Resources Mgmt. 
1777 Botelho Drive             
Suite 260 
Walnut Creek, CA  94596      
 
 
Dear Mr. Bjorklund, 
 
This report contains the analytical results for the samples received under chain of custody by STL 
Sacramento on June 6, 2007.  These samples are associated with your Hookston Station project.  
 
The test results in this report meet all NELAC requirements for parameters that accreditation is 
required or available.  Any exceptions to NELAC requirements are noted in the case narrative.  The 
case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4384. 
 
Sincerely,        

          
        for 
Ronald M. Chew for Karen Dahl    Robert Hrabak    
Project Manager      Senior Project Manager 
   

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 

©2007, Severn Trent Laboratories, Inc. All rights reserved. 
STL & Design® are registered service marks of Severn Trent Laboratories, Inc.
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CASE NARRATIVE 
 

STL SACRAMENTO PROJECT NUMBER G7F060268 
 

 
WATER, 8260B, VOCs (5644562)             
Sample(s): 1, 2, 3, 4, 5 
There was insufficient sample volume to prepare a matrix spike/matrix spike duplicate (MS/MSD) 
pair with this batch. 
 
 
 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 

Certifying State Certificate # Certifying State Certificate # 
Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) and 
are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 

Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  An 
aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD as 
required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 

Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of an 
analysis. 

Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 

Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to indicate 
the appropriateness of the method for a particular matrix.  The percent recovery for the respective compound(s) 
is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also spiked, in order to 
determine the precision of the method. 

Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the native 
target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
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Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the test 
results. 
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June 29, 2007 
 
 
STL SACRAMENTO PROJECT NUMBER: G7F080270 
PO/CONTRACT: 20557.22                            
 
 
Brian Bjorklund 
Environmental Resources Mgmt. 
1777 Botelho Drive             
Suite 260 
Walnut Creek, CA  94596      
 
  
Dear Mr.  Bjorklund, 
 
This report contains the analytical results for the samples received under chain of custody by STL 
Sacramento on June 8, 2007.  These samples are associated with your Hookston Station project.  
 
The test results in this report meet all NELAC requirements for parameters that accreditation is 
required or available.  Any exceptions to NELAC requirements are noted in the case narrative.  The 
case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4384. 
 
Sincerely,       

     for 
Ronald M. Chew for Karen Dahl   Robert Hrabak    
Project Manager     Senior Project Manager  
  

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 

©2007, Severn Trent Laboratories, Inc. All rights reserved. 
STL & Design® are registered service marks of Severn Trent Laboratories, Inc.
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CASE NARRATIVE 
 

STL SACRAMENTO PROJECT NUMBER G7F080270 
 

 
WATER, 8260B, VOCs (5644562)             
Sample(s): 1, 2, 3, 4, 5, 6 
There was insufficient sample volume to prepare a matrix spike/matrix spike duplicate (MS/MSD) 
pair with this batch. 
 
 
 
 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 

Certifying State Certificate # Certifying State Certificate # 
Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) and 
are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 

Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  An 
aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD as 
required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 

Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of an 
analysis. 

Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 

Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to indicate 
the appropriateness of the method for a particular matrix.  The percent recovery for the respective compound(s) 
is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, als o spiked, in order to 
determine the precision of the method. 

Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the native 
target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
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Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the test 
results. 
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: G7G060328 
O/CONTRACT: 0020557.22                          
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arrative.  The case narrative is an integral part of this report. 

el free to call me at (916) 374-4384. 

incerely, 

STL Sacramento 
880 Riverside Parkway 
West Sacramento, CA 95605 
 
Tel: 916 373 5600 
Fax: 916 372 1059 
www.stl-inc.com 
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CASE NARRATIVE 
 

STL SACRAMENTO PROJECT NUMBER G7G060328 

 

 
General Comments 
One of the voa vials for samples IP2-SB18-48.5 & IP2-SB19-55 contained some headspace. 
 
 
WATER, 8260B, VOCs   
Sample(s): 1, 2, 3, 4, 6, 7, 8, 9, 10 
There was insufficient sample available for matrix spikes. 
 
 
 
 

There were no other anomalies associated with this project. 
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STL Sacramento Certifications/Accreditations 
Certifying State Certificate # Certifying State Certificate # 

Alaska UST-055 Oregon* CA 200005 
Arizona AZ0616 Pennsylvania 68-1272 

Arkansas 04-067-0 South Carolina 87014002 
California* 01119CA Texas TX 270-2004A 
Colorado NA Utah* QUAN1 

Connecticut PH-0691 Virginia 00178 
Florida* E87570 Washington C087 
Georgia 960 West Virginia 9930C, 334 
Hawaii NA Wisconsin 998204680 

Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
New York* 11666   

*NELAP accredited.  A more detailed parameter list is available upon request. Update 1/27/05 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) 
and are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 
Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  
An aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD 
as required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 
Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of 
an analysis. 
Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 
Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to 
indicate the appropriateness of the method for a particular matrix.  The percent recovery for the respective 
compound(s) is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also 
spiked, in order to determine the precision of the method. 
Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the 
native target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the 
test results. 
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Sample Summary 
G7G060328 

 

  
 
 
WO# Sample # Client Sample ID Sampling Date  Received Date 
J2F86 1 IP2-SB18-48.5 7/2/2007 02:10 PM 7/6/2007 10:17 AM 
J2F90 2 IP2-SB19-55 7/2/2007 04:15 PM 7/6/2007 10:17 AM 
J2F95 3 IP2-SB17-47 7/2/2007 11:30 AM 7/6/2007 10:17 AM 
J2F99 4 IP1-SB4-41 7/3/2007 09:45 AM 7/6/2007 10:17 AM 
J2GAA 5 IP1-SB4-41 7/3/2007 01:00 PM 7/6/2007 10:17 AM 
J2GAF 6 TW-01 7/5/2007 09:40 PM 7/6/2007 10:17 AM 
J2GAL 7 MW-11B 7/5/2007 08:30 PM 7/6/2007 10:17 AM 
J2GAN 8 MW-13B 7/5/2007 04:04 PM 7/6/2007 10:17 AM 
J2GAW 9 MW-12B 7/5/2007 06:10 PM 7/6/2007 10:17 AM 
J2GA1 10 TRIP BLANK 7/2/2007  7/6/2007 10:17 AM 
 
 
 
Notes(s): 
- The analytical results of the samples listed above are presented on the following pages. 

- All calculations are performed before rounding to avoid round-off errors in calculated results. 
- Results noted as “ND” were not detected at or above the stated limit. 
- This report must not be reproduced, except in full, without the written approval of the laboratory. 
- Results for the following parameters are never reported on a dry weight basis: color, corrosivity, density, flashpoint, ignitability, 

layers, odor, paint filter test, pH, porosity, pressure, reactivity, redox potential, specific gravity, spot tests, solids, solubility, 
temperature, viscosity, and weight
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RemOx® S ISCO Reagent

CAS Registry No. 7722-64-7

EINECS No. 231-760-3

RemOx S ISCO Reagent has been specifically manufactured for 

environmental applications such as remediation of soils and 

associated groundwater.  This product can be used to degrade a 

variety of contaminants including chlorinated solvents, 

polyaromatic hydrocarbons, phenolics, organo-pesticides, and 

substituted aromatics.  RemOx S ISCO Reagent is shipped with a 

Certificate of Analysis  (COA) to document assay, insolubles, 

weight loss, and trace metals.

Assay
> 98.8% as KMnO4

Insolubles
< 0.2%

Weight Loss (18 hours over silica gel)
<0.5%

Trace Metals
(see Table 1)

Formula  KMnO
4

Formula Weight 158.0 g/mol

Form    Granular Crystalline

Specific Gravity
 Solid  2.703 g/cm3       

 3% Solution 1.020 g/mL by weight, 20°C / 4°C

Bulk Density Approximately 100 lb/ft3

Decomposition may start at 150° C / 302° F

Temperature     Solubility 
°C  °F   g/L  oz/gal 
 0     32      27.8          3.7 
20    68      65.0   8.6       
40  104   125.2  16.7       
60  140   230.0  30.7       
70  158   286.4   38.3      
75  167   323.5   43.2

REMEDIATION GRADE

SOLUBILITY IN DISTILLED WATER

SHIPPING CONTAINERS

DESCRIPTION

25 kg pail (55.125 lb) net, with handle, made of HDPE, weighs 
3.1lbs. It is tapered to allow nested storage of empty pails, stands 
approximately 15½ inches high and has a maximum diameter of    
12 inches.

150 kg drum (330.750 lb) net, made of 22-gauge steel, weighs 
22.4 lbs.  It stands approximately 29½ inches high and is 
approximately 19¾ inches in diameter.

Special Packages will be considered upon request. 

Packaging meets UN performance-oriented packaging 
requirements.
 

Crystals or granules are dark purple with a metallic sheen, 

sometimes with a dark bronze-like appearance.  RemOx S ISCO 

Reagent has a sweetish, astringent taste and is odorless.

Protect containers against physical damage. When handling RemOx 

S ISCO Reagent, respirators should be worn to avoid irritation of, 

or damage to, mucous membranes.  Eye protection should also be 

worn when handling RemOx S ISCO Reagent as a solid or in 

solution. 

RemOx S ISCO Reagent is stable and will keep indefinitely if stored 

in a cool, dry area in closed containers.  Concrete floors are 

preferred to wooden decks.  To clean up spills and leaks, follow the 

steps recommended in the MSDS.  Be sure to use goggles, rubber 

gloves, and respirator when cleaning up a spill or leak. 

Avoid contact with acids, peroxides, and all combustible organic or 

readily oxidizable materials including inorganic oxidizable materials 

and metal powders. With hydrochloric acid, chlorine gas is 

liberated. RemOx S ISCO Reagent is not combustible, but it will 

support combustion.  It may decompose if exposed to intense heat. 

Fires may be controlled and extinguished by using large quantities 

of water. Refer to the MSDS for more information.

HANDLING, STORAGE, AND INCOMPATIBILITY

CHEMICAL/PHYSICAL DATA

F A C T  S H E E T

1-800-435-6856
Tel. (815) 223-1500
Fax (815) 224-6663
Web: www.caruschem.com
E-Mail: salesmkt@caruschem.com

Carus Corporation
315 Fifth Street
P.O Box 599 
Peru IL 61354

The information contained herein is accurate to the best of our knowledge. However, data, safety standards and government regulations are subject to change; and the conditions of handling, 
use or misuse of the product are beyond our control. Carus Chemical Company makes no warranty, either expressed or implied, including any warranties of merchantability and fitness for a 
particular purpose. Carus also disclaims all liability for reliance on the completeness or confirming accuracy of any information included herein. Users should satisfy themselves that they are 
aware of all current data relevant to their particular use(s).

RemOx is a registered trademark
of Carus Corporation. (Carus and Design) is 
a registered service mark of Carus Corporation.
Responsible Care is a registered service mark
of the American Chemistry Council.

 S O I L  A N D  G R O U N D W A T E R

O N E  C O M P A N Y ,  E N D L E S S  S O L U T I O N S C A R U S  C O R P O R A T I O N

®
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SHIPPING
RemOx S ISCO Reagent is classified by the Hazardous Materials 

Transportation Board (HMTB) as an oxidizer.  It is shipped under 

Interstate Commerce Commission’s (ICC) Tariff 19.

Proper Shipping Name:       Potassium Permanganate   

      (RQ-100/45.4)

Hazard Class:                      Oxidizer

Identification Number:      UN 1490

Label Requirements:      Oxidizer

Packaging Requirements:    49 CFR Parts 100 to 199     

Sections:      173.152, 173.153, 173.194

Shipping Limitations:
 Minimum quantities:

   Rail car:  See Tariff for destination

   Truck:     No minimum

Postal regulations:
Information applicable to packaging of oxidizers for shipment by 

the U.S. Postal Service to domestic and foreign destinations is 

readily available from the local postmaster. United Parcel Service 

accepts 25 lbs as largest unit quantity properly packaged; (consult 

United Parcel Service). Regulations concerning shipping and 

packing should be consulted regularly due to frequent changes.

RemOx S ISCO Reagent  is compatible with many metals and 

synthetic materials.  Natural rubbers and fibers are often 

incompatible.  Solution pH and temperature are also important 

factors.  The material must be compatible with either the acid or 

alkali also being used. 

In neutral and alkaline solutions, RemOx S ISCO Reagent is not 

corrosive to iron, mild steel, or stainless steel; however, chloride 

corrosion of metals may be accelerated when an oxidant such as 

permanganate is present in solution.  Plastics such as 

polypropylene, polyvinyl chloride Type I (PVC I), epoxy resins, 

fiberglass reinforced plastic (FRP), Penton, Lucite, Viton A, and 

Hypalon are suitable.  Teflon FEP and TFE, and Tefzel ETFE are 

best. Refer to Material Compatibility Chart. 

Aluminum, zinc, copper, lead, and alloys containing these metals 

may be (slightly) affected by RemOx S ISCO Reagent solutions. 

Actual studies should be made under the conditions in which 

permanganate will be used.

RemOx S ISCO Reagent is used for soil and groundwater 

remediation by in-situ or ex-situ chemical oxidation and as an 

active agent in subsurface reactive barriers for treatment of:  

Chlorinated ethenes, phenolic compounds, polyaromatic 

hydrocarbons, TNT, RDX, HMX, and various pesticides.

CORROSIVE PROPERTIES

APPLICATIONS

F A C T  S H E E T

1-800-435-6856
Tel. (815) 223-1500
Fax (815) 224-6663
Web: www.caruschem.com
E-Mail: salesmkt@caruschem.com

Carus Corporation
315 Fifth Street
P.O Box 599 
Peru IL 61354

The information contained herein is accurate to the best of our knowledge. However, data, safety standards and government regulations are subject to change, and the conditions of handling, 
use or misuse of the product are beyond our control. Carus Chemical Company makes no warranty, either expressed or implied, including any warranties of merchantability and fitness for a 
particular purpose. Carus also disclaims all liability for reliance on the completeness or confirming accuracy of any information included herein. Users should satisfy themselves that they are 
aware of all current data relevant to their particular use(s).

RemOx is a registered trademark
of Carus Corporation. (Carus and Design) is 
a registered service mark of Carus Corporation.
Responsible Care is a registered service mark
of the American Chemistry Council.

 S O I L  A N D  G R O U N D W A T E R

Table 1:  Typical Trace Metal Content and Specifications

O N E  C O M P A N Y ,  E N D L E S S  S O L U T I O N S C A R U S  C O R P O R A T I O N

®

O N E  C O M P A N Y ,  E N D L E S S  S O L U T I O N S C A R U S  C O R P O R A T I O N

Element
Typical 
Analysis
(mg/kg) 

Specifications
(mg/kg) 

DL*
(mg/kg) Element

Typical 
Analysis
(mg/kg) 

Specifications
(mg/kg)

DL*
(mg/kg)

Ag BDL 0.25 0.048 Hg BDL 0.05 0.004

Al 23.27 80.00 0.28 Na 192.9 500 0.05

As BDL 4.00 0.006 Ni BDL 0.25 0.048

Ba 5.61 15.00 0.016 Pb BDL 1.00 0.20

Be BDL 0.50 0.10 Sb BDL 1.00 0.20

Cd BDL 0.10 0.02 Se 0.0056 1.00 0.0002

Cr 0.59 7.50 0.028 Tl BDL 5.00 1.00

Cu 0.041 2.00 0.034 Zn 0.34 6.00 0.016

Fe 0.93 15.00 0.066


	Appendix A Chem Ox Pilot Study_8.23.07.pdf
	Attachment 2.pdf
	046c33STD
	046c34STD
	046c35STD
	046c36STD
	046c37STD
	046c38STD
	046c39STD
	046c40STD
	046c41STD
	046c42STD
	046c43STD
	046c44aSTD
	046c44STD
	046c45STD
	046c46STD
	046c47STD
	046c48STD
	046c49STD
	046c50STD

	Attachment 3.pdf
	Performance Monitoring #4 Lab Report.pdf
	ADP1ED.tmp
	STL Sacramento Certifications/Accreditations 
	Alaska
	Arizona
	Arkansas
	West Virginia
	Wisconsin
	QC Parameter Definitions 








