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Executive Summary

This Corrective Measures Implementation (CMI) Report for Site SS023, Beale Air Force Base, California,
summarizes the optimization of the interim corrective measures and documents that the final remedy
is in place at Site SS023 (Figure ES-1). The final remedy was selected and implemented in accordance
with the Site SS023 Statement of Basis / Corrective Measures Implementation Work Plan (Work Plan)
(CH2M HILL, 2014). No further action was selected for soil and soil vapor. In situ chemical oxidation (ISCO),
enhanced attenuation (EA), and land use controls (LUCs) were selected for groundwater. Trichloroethene
(TCE) and tetrachloroethene (PCE) were identified as contaminants of concern (COCs) in groundwater.

This report is being prepared by CH2M HILL for the Air Force Civil Engineer Center under the Worldwide
Environmental Restoration and Construction Contract No. FA8903-09-D-8557, Task Order 0003.

Corrective Measure Objectives
The site-specific objectives at Site SS023 are to reduce concentrations of COCs in underlying
groundwater originating at Site SS023 (Figure ES-2) to support restoration of groundwater, to restrict
potential exposure to COCs in groundwater, and to comply with state Resource Conservation and
Recovery Act requirements. TCE and PCE levels in underlying groundwater will be reduced to allow for
unlimited use/unrestricted exposure, which support the restoration of groundwater to designated
beneficial uses (domestic, municipal, agricultural, and industrial supply).

Corrective Measure Implementation
The remedy implemented at Site SS023 consists of three main components: ISCO, EA, and LUCs.
To implement the ISCO portion of the remedy, four injection wells were constructed and developed in
June 2014, baseline sampling was conducted, sodium permanganate was injected into new and existing
wells, and monitoring was performed from November 5, 2014, to January 23, 2015. During the baseline
sampling event (July 2014), the highest TCE concentration was detected in a groundwater sample
collected from injection well SWMU23C016IW with a TCE concentration of 564 micrograms per liter
(µg/L) (Figure ES-3). Groundwater samples collected from the new injection wells near Doolittle Drive
(SWMU23C015IW, SWMU23C016IW, and SWMU23C017IW) contained TCE concentrations ranging from
54 to 564 µg/L. The detection of TCE in groundwater collected from these wells further confirms that
there is a residual TCE mass in groundwater beneath Doolittle Drive (upgradient of the ozone/air sparge
system). EA involves groundwater monitoring downgradient from the ISCO treatment zone and will be
documented in the Basewide Groundwater Monitoring Program Reports. LUCs were implemented to
prevent exposure to groundwater containing COCs at concentrations greater than the cleanup levels.

Monitoring Plan
After injection, performance monitoring will be conducted semiannually to assess the long-term
effectiveness of the ISCO and EA remedies. Compliance monitoring will be conducted for 1 year or until
objectives of the Monitoring and Reporting Program (MRP) have been met. Exceedances of baseline
concentrations in a downgradient compliance monitoring well would indicate an adverse impact to
groundwater outside the transition zone. A contingency plan has been developed to provide a general
overview of efforts that the U.S. Air Force would take to address exceedances of dissolved chromium,
dissolved manganese, or permanganate at concentrations greater than twice baseline concentrations in
downgradient compliance monitoring wells.
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SECTION 1

Introduction

This Corrective Measures Implementation (CMI) Report for Site SS023, Beale Air Force Base (AFB or Base),
California, summarizes the optimization of the interim corrective measures and documents that the final
remedy is in place at Site SS023 (Figure 1-1) (figures are located at the end of each section). The final
remedy was selected and implemented in accordance with the Site SS023 Statement of Basis / Corrective
Measures Implementation Work Plan (Work Plan) (CH2M HILL, 2014a). No further action was selected
for soil and soil vapor. In situ chemical oxidation (ISCO), enhanced attenuation (EA), and land use controls
(LUCs) were selected for groundwater. Trichloroethene (TCE) and tetrachloroethene (PCE) were identified
as contaminants of concern (COCs) in groundwater.

This report is being prepared by CH2M HILL for the Air Force Civil Engineer Center under the Worldwide
Environmental Restoration and Construction Contract No. FA8903-09-D-8557, Task Order 0003.

1.1 Site Background
Beale AFB is located in the southeastern portion of the Sacramento Valley, approximately 40 miles north
of Sacramento and 13 miles east of Marysville. Site SS023 is part of Solid Waste Management Unit 23
(SWMU23) and is located in the central portion of Beale AFB in the Cantonment Area, northeast of the
intersection at 26th and B Streets (Figure 1-1). Site SS023 is an electrical transformer storage area inside
the Civil Engineering (CE) yard. Site SS023 consists of two concrete pads measuring 52 by 60 feet, located
approximately 80 feet south of Building 2539. The concrete pads are both adjacent to the northern side
of the fence along Doolittle Drive. Electrical equipment, used transformers, and transformer oil were
stored as part of operations and maintenance activities at the exterior electrical shop in Building 2539
(URS, 2004). The site is currently used for storage by the 9th Civil Engineering Squadron. Materials
currently stored at the site (such as transformers, gravel/sand, utility poles, and generators) do not
contain significant quantities of polychlorinated biphenyls or chlorinated solvents. Site SS023 is zoned
for industrial use (CH2M HILL, 2013). Figure 1-2 shows the site features located at Site SS023.

Solid Waste Management Unit 23 (SWMU23) has been classified as a Resource Conservation and
Recovery Act (RCRA) facility because waste management practices resulted in a transformer spill in the
mid-1990s. The interim cleanup effort was conducted under the U.S. Air Force (Air Force) compliance
program (URS, 2004). The sources of contaminants at SWMU23 are divided into three different sites.
The COCs are TCE, PCE, and 1,1-dichloroethene (DCE). The 1,1-DCE plume (Site SS507) is west of Site
SS023, while the PCE plume (Site SS508) is north of Doolittle Drive and west of A Street (northeast of
Site SS023), within the CE yard. These two plumes are considered separate sites from Site SS023 and are
not addressed further as part of this CMI Report.

1.1.1 Hydrogeology

The depth to groundwater at Site SS023 is approximately 5 to 36 feet below ground surface (bgs), with
an average depth of 19 feet bgs (CH2M HILL, 2014b). The horizontal hydraulic gradient at the site is
southwesterly. A groundwater trough is evident, which corresponds to a trough in the erosional surface
of the marine siltstone layer. Overall, the hydraulic conductivity estimates ranged from 0.75 to 14.3 feet
per day (Battelle and SteamTech Environmental Services, 2001). South of Doolittle Drive where the
plume is migrating, the hydraulic conductivities ranged from 0.75 to 4.5 feet per day. For well BAT-5
(shallow/deep), the hydraulic conductivity in the shallow well (25 to 30 feet bgs) was roughly twice that
of the deep well (35 to 40 feet bgs).
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1.1.2 Site History and Response Actions

Phased investigations and interim corrective measures conducted at Site SS023 from 1994 to 2014
are summarized in the Work Plan (CH2M HILL, 2014a). Historical investigations at Site SS023 led to a
number of interim corrective measures, which included soil excavation, operation of a groundwater
treatment system, and operation of an ozone/air sparge system.

In 1998, maximum concentrations of TCE and PCE detected in groundwater were 1,600 and
110 micrograms per liter (µg/L), respectively. From 2001 to 2003, a pilot-scale groundwater treatment
system was installed that used dynamic underground stripping with hydrous pyrolysis oxidation
technology to degrade the chlorinated solvents. The TCE and PCE concentrations in groundwater were
reduced 85 and 91 percent, respectively. An ozone sparge system was operated from 2005 to 2012.
In 2013, monitoring wells SWMU23C008MW and SWMU23C009MW were constructed to define the
extent of the 100-µg/L TCE plume to support optimization of the ISCO remedy. Groundwater samples
from well SWMU23C009MW contained 956 µg/L TCE and 47.2 µg/L PCE, indicating a need to optimize
the ISCO remedy (CH2M HILL, 2014a). The high TCE concentration in well SWMU23C009MW, located
along the shoulder of Doolittle Drive (Figure 1-2), showed that most of the TCE mass remains beneath
Doolittle Drive, and remediation should be emphasized in this area.

1.2 Report Objectives
The objectives of this CMI Report are as follows:

• Document implementation of the corrective measures at Site SS023.

• Provide baseline concentrations prior to ISCO implementation.
• Provide the monitoring plan for the ISCO remedy at Site SS023.

1.3 Report Organization
The organization of this report is as follows:

• Section 1: Introduction. Provides the Site SS023 background and the purpose and organization of
this CMI Report.

• Section 2: Corrective Measure Objectives. Provides the objectives that the selected corrective
measure will achieve.

• Section 3: Corrective Measure Implementation. Documents the implementation of the selected
corrective measure and discusses deviations from the Work Plan. An updated conceptual site model
is included in this section.

• Section 4: Monitoring Plan. Describes the performance and compliance monitoring for the ISCO
remedy at Site SS023.

• Section 5: Conclusions and Recommendations. Provides a summary of the work completed and
conclusions from the implementation of the ISCO remedy.

• Section 6: Works Cited. Provides a list of the references used to prepare this report.

• Appendix A: Fieldwork Documentation.

• Appendix B: Site SS023 Baseline Groundwater Analytical Data.

• Appendix C: Injection Monitoring Documentation.

• Appendix D: Response to Comments.
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SECTION 2

Corrective Measure Objectives

This section provides the objectives that the selected corrective measure will achieve. This section also
provides the basis for cleanup levels and discharge limits that substantively comply with State RCRA
requirements.

2.1 Corrective Measure Objectives
The site-specific objectives for the corrective measure at Site SS023 include the following:

• Reduce concentrations of COCs (TCE and PCE) in underlying groundwater originating at Site SS023 to
support restoration of groundwater to designated beneficial uses (domestic, municipal, agricultural,
and industrial supply).

• Restrict potential exposure to COCs in groundwater until concentrations are at such levels to allow
for unlimited use/unrestricted exposure.

• Comply with State RCRA requirements.

2.2 Cleanup Levels for Groundwater
The final cleanup levels presented in Table 2-1 were established to achieve the site-specific objectives.
Cleanup levels for restoring designated beneficial uses of groundwater are based on the lowest of either
the federal or state primary maximum contaminant levels (MCLs). In the case of TCE and PCE, federal
and state primary MCLs are the same.

TABLE 2-1
Cleanup Levels for Contaminants of Concern
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Media: Groundwater
Site Area: SS023
Available Use: Unrestricted use

COC Cleanup Level (µg/L)* Basis for Cleanup Level

TCE 5 Federal Primary MCL

PCE 5 Federal Primary MCL

* Cleanup levels are derived from the lowest of the state or federal primary MCLs referenced in Title 22, CCR, Section 64444
and Title 40, Code of Federal Regulations, Part 300.430(e)(2)(l)(B). A TEFA will be conducted when these cleanup levels are
achieved or when concentrations reach asymptotic levels as demonstrated by evaluation of monitoring data.

Notes:

CCR = California Code of Regulations
TEFA = technical and economic feasibility analysis
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SECTION 3

Corrective Measure Implementation

This section documents construction and operation of the remedy implemented for groundwater at
Site SS023. The remedy consists of three main components: ISCO, EA, and LUCs. The ISCO component
is the major component documented in this section. To implement the ISCO portion of the remedy,
four injection wells were constructed and developed, baseline sampling was performed, sodium
permanganate was injected into new and existing wells, and monitoring was performed. EA involves
groundwater monitoring in the distal portion of the plume (downgradient from the ISCO treatment
zone) and will be documented in the Basewide Groundwater Monitoring Program (BGMP) reports.
EA is discussed in Section 3.2, and LUCs are discussed in Section 3.3.

3.1 ISCO Implementation
This section discusses the methods and details of the injection well construction, baseline monitoring,
and sodium permanganate injection.

3.1.1 Permitting

During June 2014, four injection wells were drilled and constructed at Site SS023. Four well permits
(WP0009910 to WP0009913) were obtained from the Yuba County Environmental Health Department
(Yuba County) for the construction of injection wells SWMU23C014IW through SWMU23C017IW.
A Base dig permit (14.073A), was obtained from Beale AFB Civil Engineering on June 9, 2014, for the
construction of the four injection wells. The Yuba County well permit and the Beale AFB dig permit are
presented in Appendix A, Attachments A1 and A2, respectively. CH2M HILL contracted with Subtronic
Corporation (Subtronic) to check the four proposed boring locations for underground utilities using
geophysical methods. Subtronic performed utility locating on June 11, 2014.

A Notice of Intent (NOI) was submitted on July 8, 2014, requesting coverage under Waste Discharge
Requirement (WDR) General Order R5-2008-0149 and the Central Valley Water Board prepared a
Notice of Applicability on September 18, 2014, which contained a tentative Monitoring and Reporting
Program (MRP). No public comments were received. On October 29, 2014, approval to proceed with
injections was provided by the Central Valley Water Board via e-mail. The MRP (Order R5-2008-0149-054)
is presented in Appendix A, Attachment A3.

A lane closure notification was required because it was necessary to close one lane of traffic on
Doolittle Drive for drilling operations. The notification was submitted to Beale AFB 2 weeks prior to
the commencement of drilling. Flaggers were used to control traffic and a traffic count was conducted
to record the number of vehicles inconvenienced by the lane closure. A copy of the lane closure
notification and traffic count sheets are presented in Appendix A, Attachment A4.

3.1.2 Hollow-stem Auger Drilling and Injection Well Construction

CH2M HILL contracted with National Exploration, Wells, & Pumps of Woodland, California, to pothole,
drill, and construct four injection wells (SWMU23C014IW through SWMU23C017IW) at Site SS023.
The drilling and well construction, which occurred from June 14 through 17, 2014, was completed using
hollow-stem auger drilling methods with a limited access rig (LAR) equipped with 8-inch-outer-diameter
augers. Prior to drilling each boring, the LAR rig, drilling tools, and downhole coring equipment were
decontaminated in accordance with the Basewide Uniform Federal Policy Quality Assurance Project Plan
(Basewide UFP-QAPP) (CH2M HILL, 2014c). Drilling, well construction, and decontamination activities
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were continuously monitored by CH2M HILL personnel. Drill cuttings were temporarily contained in a
hopper provided by the drilling subcontractor, then transferred to a roll-off bin provided by Intrinsic.
Waste management information is discussed in Section 3.1.9.

Lithologic samples were obtained and logged at 5-foot intervals during drilling using a continuous
dry-core sampling system. Soil cores were logged using the Unified Soil Classification System. Similar to
previous borings at Site SS023, a clay-dominated horizon underlain by sand and clay (23 to 35 feet bgs)
was observed in the four borings (see Figure 3-1 for the geologic cross section). Field documentation
including field notes, lithologic logs, and a photo log is presented in Appendix A, Attachments A5
through A7, respectively.

Air monitoring was conducted during drilling and construction of the injection wells. Volatile organic
compounds (VOCs) were monitored in the breathing zone and in the head space of the lithologic
samples using a MultiRAE with a 10.6-eV lamp photoionization detector (PID). VOCs were not detected
in the breathing zone, but were detected in head space of the lithologic samples. The concentrations
were less than 0.2 parts per million by volume in the headspace samples. PID readings are shown on the
lithologic logs in Appendix A, Attachment A6.

3.1.3 Injection Well Construction

Table 3-1 outlines well construction details for the injection wells. Well completion diagrams are
presented in Appendix A, Attachment A8. Each injection well was constructed with 2-inch-diameter
Schedule 40 polyvinyl chloride (PVC) blank casing, 2-inch-diameter machine-slotted PVC screen with
0.040-inch openings, filter pack material consisting of #6 sand, a transition seal consisting of hydrated
medium bentonite chips, and a sanitary seal consisting of cement grout with 3 to 5 percent (by weight)
bentonite powder additive. The injection wells were constructed as single completions and screened
from 15 to 35 feet bgs, except for well SWMU23C014IW, which was screened from 30 to 50 feet bgs.
Wells were completed as a flush mount set in a 24-inch-diameter concrete pad.

TABLE 3-1
Drilling and Well Construction Details
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Well ID
Screen Interval

(feet bgs)
Filter Pack Interval

(feet bgs)
Borehole Depth

(feet bgs)
Well Casing Diameter

(inches)

SWMU23C014IW 30 to 50 28 to 51.0 51.0 2

SWMU23C015IW 15 to 35 13 to 36.5 36.5 2

SWMU23C016IW 15 to 35 13 to 36.5 36.5 2

SWMU23C017IW 15 to 35 13 to 36.0 36.0 2

Note:

Borehole diameter was 8 inches for each injection well.

3.1.4 Well Development

Following well construction, each injection well was developed to remove fines from the filter pack and
well screen in accordance with standard operating procedure (SOP)-72, included in Appendix A to the
Basewide UFP-QAPP (CH2M HILL, 2014c). Table 3-2 contains the volume discharged during well
development of the new injection wells.
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TABLE 3-2
Site SS023 Well Development Summary
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Well ID Development Date Volume Discharged (gallons)

SWMU23C014IW 06/18/2014 124

SWMU23C015IW 06/18/2014 140

SWMU23C016IW 06/17/2014 225

SWMU23C017IW 06/17/2014 209

Total 698

Well development logs are included in Appendix A, Attachment A8. Wells were developed by a
combination of swabbing, bailing, and overpumping until the discharge was clear. A truck-mounted
electric winch was used to operate the swab and the bailer. Pumping was conducted using an
11-inch-long, 1.8-inch-outer-diameter Grundfos electric submersible pump.

During the overpumping phase of well development, grab samples of groundwater were collected every
5 minutes by the field geologist, and water quality measurements (temperature, pH, conductivity,
turbidity, dissolved oxygen [DO], and oxygen reduction potential [ORP]) were recorded. The average
discharge rate ranged from 1.0 to 2.2 gallons per minute (gpm). The total quantity of water discharged
from well development was 698 gallons.

3.1.5 Baseline Monitoring

This section discusses the methods used for the baseline groundwater sampling conducted as part of the
BGMP in July and August 2014, prior to ISCO treatment. Baseline sampling was performed to determine
groundwater conditions prior to injection. The baseline groundwater data included depth to water, pH, ORP,
DO, turbidity, electrical conductivity, and permanganate concentration. Permanganate concentrations
were measured using a HACH DR890 colorimeter. Groundwater samples collected during the BGMP event
were analyzed for VOCs (SW8260B), metals (SW6010/7199), and total dissolved solids (TDS) (E160.1)
concentrations. Low-flow groundwater sampling methods were used in accordance with SOP-83 included
in Appendix A to the Basewide UFP-QAPP (CH2M HILL, 2014c). Groundwater samples were submitted to
PEL laboratories, Tampa, Florida, for laboratory analyses.

3.1.6 Hydrogeological Investigation

A hydrogeological investigation (well recovery test) was conducted at injection wells SWMU23C014IW
through SWMU23C017IW following well development to provide an indication of well performance and
to obtain data for determining the specific capacity, transmissivity, and hydraulic conductivity of the
screened hydrogeologic unit. The well recovery test was conducted following SOP-72 (CH2M HILL,
2014c). An initial water level was recorded, and then the wells were pumped at a constant rate until
5 to 10 feet of drawdown (or the maximum drawdown for the well if 5 feet was not achievable) was
observed. Water levels were monitored during recovery until the water level returned to within
80 percent of the static water level. Recovery test logs are located in Appendix A, Attachment A10.

The results of the tests are presented in Table 3-3. The injection wells, in general, are screened in a
sandy clay unit (boring logs in Appendix A). The data presented in Table 3-3 are consistent with the
geology, and hydraulic conductivity measurements are within the range (0.75 to 4.5 feet per day)
reported by Battelle and SteamTech Environmental Services (2001; Section 1.1.1).
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TABLE 3-3
Site SS023 Hydrogeological Investigation Summary
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Well ID
Flow Rate

(gpm)
Maximum Drawdown

(feet)
Specific Capacity

(gpm/ft)
Transmissivity

(gpd/ft)
Hydraulic Conductivity

(feet per day)

SWMU23C014IW 2 4.35 0.46 690 4.6

SWMU23C015IW 1 9.62 0.10 156 1.1

SWMU23C016IW 2 6.84 0.29 439 2.9

SWMU23C017IW 2.3 4.28 0.53 789 5.2

Average 1.8 6.27 0.35 519 3.4

Notes:

gpd/ft = gallon(s) per day per foot
gpm/ft = gallon(s) per minute per foot

3.1.7 Updated Conceptual Site Model

The following is an updated conceptual site model for the nature and extent of contamination in
groundwater at Site SS023 using the recent baseline monitoring data. Laboratory reports for the
baseline groundwater sampling are included in Appendix B, and a summary of baseline groundwater
analytical data is presented in Table B-1. TCE and PCE are the COCs for groundwater. The TCE and PCE
distributions in groundwater at Site SS023 are shown on Figures 3-2 and 3-3, respectively. During the
baseline sampling event (July and August 2014), the highest TCE concentration was detected in a
groundwater sample collected from injection well SWMU23C016IW with a TCE concentration of
564 µg/L (Figure 3-2). Twenty-three wells sampled as part of the baseline groundwater sampling event
contained TCE concentrations greater than the groundwater screening level of 5 µg/L.

Historically, the highest TCE concentrations in groundwater are from samples collected from
well 23SWMU1MW. Groundwater samples from the new injection wells near Doolittle Drive
(SWMU23C014IW through SWMU23C017IW) contained TCE concentrations ranging from 54 to 564 µg/L.
This further confirms that there is a residual TCE mass in groundwater beneath Doolittle Drive that was
not treated by the ozone/air sparge ISCO system located to the west-southwest. Furthermore, the 2014
TCE plume contours revealed that the 100-milligram-per-liter (mg/L) plume in the northern area is
larger and extends further to the southwest (Figure 3-2).

During the baseline sampling event (July and August 2014), the highest PCE concentration was detected
in a groundwater sample collected from monitoring well BAT-3MW (located just north of Doolittle Drive)
with a PCE concentration of 43.4 µg/L (Figure 3-3). Twenty-three wells sampled as part of the baseline
groundwater sampling event contained PCE concentrations greater than the groundwater screening
level of 5 µg/L. Groundwater samples collected from the new injection wells near Doolittle Drive
(SWMU23C014IW through SWMUC017IW) contained PCE concentrations ranging from 18.4 to 27.2 µg/L.
PCE from Site SS508 is impacting Site SS023.

3.1.8 Baseline Concentrations

Five analytes (chromium, manganese, permanganate, selenium, and TDS) will be used to compare
post-injection samples to baseline samples for compliance monitoring. It is anticipated that these
five analytes will exceed baseline groundwater concentrations in the treatment zone wells (TZWs).
Chromium, manganese, and selenium can be released via oxidation of natural metals in the formation.
Sodium permanganate was injected into the groundwater, and therefore, permanganate concentrations
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are expected to be elevated where injections occurred. TDS is directly increased by injection of sodium 
permanganate. The baseline concentration for each analyte was calculated using a 95 percent upper 
confidence limit (UCL) (Equation 1), which assumes that all data are normally distributed, and the 
detection limit is used for nondetects: 

  95 percent UCL = Mean + Standard Deviation × T statistic / √(n‐1)  (1) 
Where:  

The T statistic is dependent on number of samples and n is the number of samples.  

Using the baseline data, the results of this calculation are presented in Table 3‐4 for the five analytes. 
In cases where the primary or secondary MCL is greater than the 95 percent UCL, the MCL is used as the 
baseline concentration. The trigger level is defined as the greater of twice the 95 percent UCL of the 
analyte or the analyte’s MCL. Trigger levels are only provided for chromium, manganese, and 
permanganate (see Contingency Plan in Section 4.5). The primary MCL for chromium will be used as 
the baseline concentration because the 95 percent UCL is less than the MCL. Twice the baseline 
concentration will be used as the baseline concentration for manganese. Permanganate was not 
detected in the 16 baseline samples and is not naturally occurring in the environment. Therefore, a 
concentration of 0.0 mg/L will be used as the baseline concentration. The trigger level for permanganate 
is the method detection limit of 1.0 mg/L. Selenium was not measured during the baseline event 
because selenium was not proposed as an analyte to monitor in the Work Plan (CH2M HILL, 2014a); 
however, selenium was added in the tentative MRP from the Central Valley Water Board. The MCL for 
selenium will be used as the baseline concentration. TDS exceeded the 95 percent UCL in wells 
BAT‐1MW and 23U001BMW with concentrations of 479 and 426 mg/L, respectively. However, TDS 
concentrations in these wells were less than the secondary MCL of 500 mg/L; therefore, the secondary 
MCL will be used as the baseline concentration. 

TABLE 3‐4 
Baseline Concentrations for Selected Analytes 
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California 

Analyte  Samples  Detects  Minimum Maximum Average 
Standard 
Deviation

95% UCL 
(mg/L) 

MCL 
(mg/L) 

Trigger Level 
(mg/L)d 

Chromium  10  10  0.001  0.014  0.005  0.005  0.008  0.05b  0.05 

Manganese  10  8  0.001  0.657  0.138  0.257  0.329  0.05c  0.66 

Permanganate  16  0  ‐‐  ‐‐  ‐‐  ‐‐  0a  ‐‐  1.0 

Selenium  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  0.05b  ‐‐ 

TDS  10  10  223  479  313  84  375  500c  ‐‐ 

a The method detection limit for permanganate is 1.0 mg/L. 
b Primary MCL 
c Secondary MCL 
d The trigger level is defined as the greater of twice the 95 percent UCL of the analyte or the analyte’s MCL. Trigger levels are 
only provided for chromium, manganese, and permanganate as stated in the contingency plan (Section 4.5). 

Notes: 

Bold indicates the chosen baseline concentration. 

‐‐ = data not available 
CMW = compliance monitoring well 

3.1.9 Waste Management 

Remediation waste generated during the Site SS023 ISCO implementation consisted of drill cuttings, 
decontamination and purge water, and general trash such as personal protective equipment. Drill 
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cuttings were placed in a hopper and then transferred to a 20‐cubic‐yard rolloff bin staged in a vacant 
parking lot south of the intersection of Doolittle Drive and B Street to await characterization. 
Approximately 15 cubic yards of soil were produced from drilling injection wells SWMU23C014IW 
through SWMU23C017IW. Approximately 838 gallons of decontamination and purge water were 
temporarily stored at Site LF013 in tanks. Soil and liquid wastes were characterized in accordance with 
the procedures in SOP‐91, Analysis and Characterization (CH2M HILL, 2014c). Personal protective 
equipment and disposable sampling equipment were disposed of in a trash bin at the CH2M HILL field 
office. All wastes were managed in accordance with applicable State of California and federal regulations 
and the Basewide UFP‐QAPP (CH2M HILL, 2014c). 

The soil waste characterization samples collected from the 20‐cubic‐yard rolloff bin were analyzed for 
metals (SW6010B) and VOCs (SW8260C). Analysis of analytical results indicates that the waste is 
classified as nonhazardous. 

Analytical results for drill cuttings were submitted with a waste profile to Hay Road Landfill for review and 
acceptance. Intrinsic transported the rolloff bin on August 27, 2014. The waste tracking log, analytical 
results, signed profile, weight ticket, and waste manifest are provided in Appendix A, Attachment A11.  

Liquid waste (decontamination and purge water) was managed at the CG041‐013 Groundwater 
Treatment System. Drilling and development activities at Site SS023 generated approximately 
838 gallons of liquid waste. The combined water was analyzed for metals (SW6010B) and VOCs 
(SW8260C). Analysis of analytical results indicates that the waste is classified as nonhazardous. The 
liquid waste was discharged to the CG041‐013 Groundwater Treatment System on August 28, 2014. 

3.1.10 Surveying 
A survey of the new injection wells was conducted on October 23, 2014, using the global positioning 
system satellite technology with real‐time kinematic surveying instruments to provide horizontal and 
vertical positions for the locations listed in Table 3‐5. The horizontal datum for wells and soil borings is 
the California Coordinate System, North American Datum of 1983, Zone 2; and the vertical datum used 
is the North American Geodetic Vertical Datum of 1988. The survey originated from the monuments 
established at Beale AFB by the National Aeronautics and Space Administration in their geodetic control 
survey performed in 1999, which was intended to be the basis for all future surveys performed on the Base. 
All results are reported in United States survey feet. The work was performed under the direct supervision 
of a California Professional Land Surveyor. Survey coordinates and elevations are provided in Table 3‐5.  

TABLE 3‐5 
Summary of Site SS023 Survey Details 
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Well 
Northing 
(feet)a 

Easting 
(feet)a 

Ground Surface Elevation 
(feet NAVD88)b 

Top of Casing Elevation 
(feet NAVD88)b,c 

SWMU23C014IW  2169921.51  6735083.96  133.23  133.12 

SWMU23C015IW  2170076.76  6735274.83  131.97  131.77 

SWMU23C016IW  2170139.69  6735196.79  133.07  132.79 

SWMU23C017IW  2170099.96  6735344.08  131.55  131.32 

a North American Datum of 1983 (NAD83/1992 HPGN), California State Plane Zone 2, U.S. survey feet. 
b North American Vertical Datum of 1988 (NAVD88), U.S. survey feet. 
c Measuring point is a black marking on the north side on the top of the PVC casing for injection wells. 

Note: 

Locations were surveyed on October 23, 2014. 
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3.1.11 Sodium Permanganate Injection 

The ISCO Design Tool was used to calculate the volume and mass of permanganate to inject into each 
injection well (input and output worksheets are listed in Appendix C of the Work Plan [CH2M HILL, 
2014a]). Table 3‐6 lists the design and actual injection volumes for each injection well. Injection was split 
into three phases because of the location of wells and ability to monitor the wells during injection. 
Injections began upgradient of the TCE plume at wells SWMU23C017IW and SWMU23C009MW.  

TABLE 3‐6 
Summary of Site SS023 Injection 
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California 

Injection Wella  Injection Dates 

Total Volume 
(gallons) 

NaMnO4 Volume  
(gallons 40 percent 

NaMnO4) 

NaMnO4 
Concentration 

(mg/L)  Average 
Flow Rate 
(gpm) Design   Actual   Design  Actual   Design  Actual  

Phase 1  

SWMU23C009MWb  11/5/14 to 01/06/15  8,100  9,319  243  287  16,314  16,748  3.5 

SWMU23C017IW  11/5/14 to 11/17/14  8,100  6,886  243  196  16,314  15,479  3.4 

Phase 2 

SWMU23C015IW  11/19/14 to 12/18/14  11,340  12,817  227  241  10,876  10,225  2.7 

SWMU23C016IW  11/19/14 to 12/18/14  11,340  12,296  227  232  10,876  10,261  2.7 

23SWMU1MW  11/19/14 to 12/18/14  10,080  9,884  202  212  10,876  11,664  2.2 

Phase 3 

SWMU23C014IW  01/8/15 to 01/23/15  17,280  15,665  173  182  5,438  6,318  3.9 

Total    66,240  66,867  1,315  1,350       

a Screen length is 20 feet except for well 23SWMU1MW, which is 19 feet. 
b Injection into well SWMU23C009MW was completed in two parts: (1) November 5 to 17, 2014, and (2) January 5 to 6, 2015. 

Note: 

NaMnO4 = sodium permanganate 

Before and during injections, water quality monitoring (temperature, pH, conductivity, turbidity, DO, 
and ORP) was conducted at wells that were screened within the treatment zone (15 to 50 feet bgs) and 
within the expected radius of influence (ROI) of wells with active injection. During Phase 1 (injection 
into wells SWMU23C009MW and SWMU23C017IW), wells BAT‐1MW, BAT‐3MW, SWMU23C015IW, 
SWMU23C016IW, and 23SWMU1MW were monitored. During Phase 2 (injection into wells 
SWMU23C015IW, SWMU23C016IW, and 23SMU1MW), wells BAT‐4AMW, BAT‐4BMW, and BAT‐8MW 
were monitored. After breakthrough was observed at BAT‐4AMW, BAT‐5AMW was monitored. 
During Phase 3 (injection into well SWMU23C014IW), wells SWMU34U002MW, SWMU23U004AMW, 
and SWMU23C008MW were monitored. Water levels were recorded in the select wells each day of 
injection before injections, midday, and before the system was flushed. 

Sodium permanganate (RemOx ISCO Reagent) was purchased from Carus Chemical Company and 
delivered to the site in five 300‐gallon‐capacity totes. Each tote held approximately 270 gallons of 
40 percent sodium permanganate for a total of 1,350 gallons. The certificate of analysis for the 
sodium permanganate is presented in Appendix C, Attachment C1. An injection trailer with a Dosatron 
(40 gpm: D8RE5) was used to mix the correct proportion of potable water (obtained from fire hydrants) 
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and sodium permanganate. The design and actual volume of water, sodium permanganate, and percent 
solution of 40 percent sodium permanganate for each injection well are provided in Table 3‐6.  

Phase 1 injections (injection into wells SWMU23C009MW and SWMU23C017IW) were completed 
between November 5, 2014, and January 6, 2015, using approximately 3 percent permanganate 
solution. Injections were completed at injection well SWMU23C017IW on November 17, 2014, but the 
Dosatron malfunctioned at low flow rates when only injecting into well SWMU23C009MW. Flow rate 
into well SWMU23C009MW was restricted by injection pressure (injection pressure was maintained at 
less than 15 pounds per square inch to avoid fracturing the aquifer formation and possibly causing 
surface breakout at the injection point). A new Dosatron (11 gpm: D25RE5) capable of lower flow rates 
was ordered, and injections were moved to Phase 2. After completing Phase 2 injections, injection into 
well SWMU23C017IW was completed on January 5 and 6, 2015, using the new Dosatron. 

Phase 2 injections (injection into wells SWMU23C015IW, SWMU23C016IW, and 23SWMU1MW) were 
completed between November 19 and December 18, 2014, using approximately 2 percent permanganate 
solution. The total reagent injected into each well was greater than the design volume because the 
Work Plan assumed a total of 1,315 gallons were needed to complete injections. However, 1,350 gallons 
of sodium permanganate were delivered to the site; therefore, the excess 35 gallons of sodium 
permanganate were split between the Phase 2 and Phase 3 injections. Additional water was injected 
to maintain the desired permanganate concentrations. 

Phase 3 injection into well SWMU23C014IW was completed between January 8 and 23, 2015, using 
approximately 1 percent permanganate solution. Efforts were made to control the injection at 1 percent 
sodium permanganate solution, but the Dosatron kept drifting. Sodium permanganate was injected at a 
concentration between 1.3 and 1.5 percent solution and flush water was used to dilute the injection 
after sodium permanganate injection was completed. 

Injection logs, depth to water records, water quality monitoring, and permanganate test results 
collected during injections are provided in Appendix C, Attachments C2 through C5, respectively. 

Breakthrough was identified by visual observation of permanganate (pink to purple colored water) in 
an observation well. Breakthrough can also be observed in water quality parameters such as depth to 
groundwater (decrease in depth to groundwater), DO (significant increase to near saturation levels), 
ORP (significant increase to greater than 300 millivolts [mV]), and permanganate readings (significant 
increase from baseline conditions). The volume injected at the time of breakthrough was used to 
estimate the ROI of the nearest injection well. Breakthrough was noted in all observations wells within 
43 feet of an injection well. Table 3‐7 presents breakthrough information, including the estimated 
mobile porosity and ROI, for wells monitored during injections. Table 3‐8 presents water quality 
monitoring data recorded at the time of breakthrough.  

One week after initiating Phase 1 injections, breakthrough occurred at monitoring well BAT‐3MW 
(located 30 feet north of injection well SWMU23C017IW) as evidenced by pink purge water, an ORP 
increase to 540 mV, and elevated permanganate concentration (13.6 mg/L). During Phase 1 injections, 
breakthrough was also observed in monitoring wells BAT‐1MW (located 25 feet north of injection well 
SWMU23C017IW) and 23SWMU1MW (located 55 feet downgradient of injection well SWMU23C009MW) 
12 and 14 days after initiating injections, respectively. Injection at well SWMU23C017IW contributed to 
breakthrough at two wells; therefore, two ROIs were estimated for this well. Table 3‐7 shows the 
estimated mobile porosity is between 1.2 and 2.0 percent and the estimated ROI is between 25 and 
36 feet for injection well SWMU23C017IW.  
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TABLE 3‐7 
Summary of Breakthrough Details 
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California 

Calculation Reference (in Notes section):  A  B  C  D  E 

Breakthrough 
Well 

Injection 
Well 

Date of 
Breakthrough

Distance from 
Injection 

Point (feet) 

Total Volume 
Injected 
(gallons) 

Volume at 
Breakthrough 

(gallons) 

Estimated  
Mobile Porositya

(percent) 

Estimated 
ROIb 

(feet) 

BAT‐3MW  SWMU23C017IW  11/12/2014  30  6,886  4,892  1.2  36 

BAT‐1MW  SWMU23C017IW  11/17/2014  25  6,886  6,636  2.0  25 

23SWMU1MW  SWMU23C009MW  11/19/2014  55  9,319  7,435  1.0  62 

BAT‐4AW  SWMU23C016IW  12/16/2014  45  12,296  10,650  1.0  48 

SWMU34U002MW  SWMU23C014IW  1/8/2015  30  15,665  817  0.2c  131c 

  Average  1.3d  43d 

a Porosity was estimated using the following equation: D = C / (π × A2 × 20 × 7.48); where 20 represents the well screen length in feet and 
7.48 represents gallons per cubic foot. 

b ROI was estimated by using the following equation: E = (B / C)0.5 × A 

c Value is not an accurate representation of estimated mobile porosity or ROI. A preferential pathway between injection well 
SWMU23C014IW and SWMU34U002MW is believed to have caused the immediate breakthrough. 

d Average does not include value from well SWMU34U002MW.  

 

TABLE 3‐8 
Water Quality Parameters at Breakthrough 
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California 

Well ID  Date  Time 
Water Level
(feet btoc) 

DO 
(mg/L) 

ORP 
(mV) 

Conductivity 
(mS/cm) 

Temperature 
(°C)  Color 

NaMnO4 

(mg/L) 

BAT‐3MW  11/12/2014  13:21  8.95  1.2  540  0.276  21.51  Pink  13.6 

BAT‐1MW  11/17/2014  14:19  10.54  1.5  509  0.399  20.72  Pink  2.7 

23SWMU1MW  11/19/2014  8:17  ‐‐  2.4  477  0.477  19.36  Pink  121.2 

BAT‐4AMW  12/16/2014  11:55  15.76  8.0  505  0.311  17.03  Pink  2.1 

SWMU34U002MW  1/8/2015  12:04  18.11  6.4  645  0.827  22.47  Dark pink  98.8 

Notes: 

‐‐ = data not recorded 
°C = degree(s) Celsius 
btoc = below top of casing 
mS/cm = milliSiemen(s) per centimeter 

During Phase 2 injections, injection into well SWMU23C016IW contributed to breakthrough at well 
BAT‐4AW (located 45 feet south of injection well SWMU23C016IW) after injection was 87 percent 
completed. The ROI of SWMU23C016IW is approximately 48 feet. Monitoring well BAT‐5AMW 
(located 112 feet downgradient from injection well SWMU23C016IW) was added to the list of 
Phase 2 monitoring wells after breakthrough was observed at well BAT‐4AMW; however, as expected, 
no breakthrough was observed at well BAT‐5AMW during injections. 
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Four hours after Phase 3 injections began at injection well SWMU23C014IW, breakthrough was 
observed in monitoring well SWMU34U002MW (30 feet west of injection well SWMU23C014IW). 
Because breakthrough occurred after injections were only 5 percent complete, the ROI was estimated 
to be 131 feet. The permanganate reading from purge water collected at well SWMU34U002MW on 
January 7, 2015, one day prior to injection, was 0.0 mg/L, and the permanganate reading after 4 hours 
of injection was 98.8 mg/L. The immediate breakthrough at monitoring well SWMU34U002MW is likely 
because of a preferential pathway between wells SWMU23C014IW and SWMU34U002MW, and 
therefore, the estimated mobile porosity and ROI are likely overestimated. 

3.1.12 Deviations from the Work Plan 

Several changes were required throughout ISCO implementation to complete the injections. 
The following summarizes the deviations from the Work Plan: 

 In response to the low baseline TCE concentration (54 µg/L) in SWMU23C017IW and breakthrough 
observed in monitoring well BAT‐3MW, the volume injected at SWMU23C009MW was increased 
from 8,100 to 9,500 gallons and decreased from 8,100 to 6,700 gallons at SWMU23C017IW.  

 Phase 1 injections (SWMU23C017IW and SWMU23C009MW) were completed in two parts 
(November 2014 and January 2015) because the Dosatron was not reliable for injection at 
flow rates less than 5 gpm. A new Dosatron was ordered, and injections were completed at well 
SWMU23C009MW on January 5 and 6, 2015. 

 The Work Plan assumed a total of 1,315 gallons were needed to complete injections; however, 
1,350 gallons of sodium permanganate were delivered to the site. The excess 35 gallons of sodium 
permanganate were split between the Phase 2 and Phase 3 injections.  

 The Dosatron used for injection at well SWMU23C014IW was not reliable at the design value of 
1 percent permanganate solution at a flow rate less than 4 gpm. Injections were performed with the 
lowest possible setting on the Dosatron (approximately 1.3 to 1.5 percent permanganate), and flush 
water was injected after permanganate injection to dilute the solution. 

3.2 Enhanced Attenuation 
In conjunction with treatment, naturally occurring processes will reduce concentrations of COCs in 
groundwater within the treatment area (after hot spots are treated with ISCO) and outside of the 
treatment area. Naturally occurring physical and chemical processes are enhanced by the reduced influx 
of COCs following ISCO.  

The plume will continue to be monitored in accordance with the BGMP using the Beale AFB monitoring 
well network. Frequency of monitoring for each well will be evaluated annually in accordance with the 
BGMP Decision Tree (Figure 2‐1 in BGMP Annual Reports). The enhanced attenuation monitoring is in 
addition to the monitoring program described in Section 4. 

When the cleanup level for TCE and PCE for the plume are achieved or when asymptotic conditions are 
achieved, whichever occurs first, a TEFA will be prepared to evaluate the technical and economic 
feasibility of continuing remediation. After three consecutive monitoring events confirm that the RAOs 
are satisfied, groundwater monitoring of the plume will stop, and a plan to decommission remedy 
infrastructure, including monitoring and injection wells, will be developed.  
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In the event of potential plume migration beyond downgradient wells (defined by the BGMP), additional 
monitoring, modeling, or treatment may be implemented as a corrective action. It should be noted that 
the Site SS023 plume is commingled with plumes from upgradient (Site SS508) and downgradient 
(CG041‐039). Therefore, not all trends in site monitoring wells can be attributed to Site SS023. 

3.3 Land Use Controls 
To prevent exposure to groundwater containing COCs above MCLs, LUCs restricting access to 
groundwater are in place and the potential exposure pathway to COCs is incomplete. 

The LUC objective applicable to the corrective measure is to ensure that no withdrawal or use of 
groundwater or land uses occurs that would result in human or ecological exposures to contaminants or 
adversely affect implementation of the selected remedy. No water supply wells or residential land uses 
will be allowed at Site SS023 without prior approval from the Air Force and appropriate regulatory 
agencies until the concentrations of COCs in the groundwater are at such levels to allow for 
unlimited use/unrestricted exposure. 

Successful implementation includes adequate documentation, communication, and controls to protect 
human health and the environment. The following implementation measures are in place: 

 Area subject to LUCs is delineated on the master planning maps. 

 Geographic information system database layers with LUCs are updated and maintained, including 
information on the types of restrictions and monitoring and management requirements. 

 LUCs were incorporated into the site approval, well installation, and dig permit process (used for 
well installation) for groundwater development, excavation, and construction projects. 

 LUCs communicated to Base offices that are responsible for well installation approval/permitting. 

The following maintenance measures are being conducted to ensure that LUCs remain effective: 

 Conduct periodic inspections. 

 Conduct periodic training and post internal notices to keep personnel updated on the presence of LUCs. 

 Review the integrity and effectiveness of LUCs during annual reporting.  

The Air Force continues to be committed to and responsible for the following:  

 Implementing, maintaining, monitoring, reporting, and enforcing LUCs. Although the Beale AFB 
commander is ultimately responsible for implementing and enforcing all LUCs summarized above in 
accordance with RCRA, the Beale AFB restoration program manager is responsible for the day‐to‐day 
implementation, operation, maintenance, monitoring, and reporting of those LUCs. 

 Informing, monitoring, enforcing, and binding, where appropriate, authorized lessees, tenants, 
contractors, and other authorized occupants of the site regarding LUCs impacting the site.  

 Monitoring and inspecting all LUCs every 6 months (or more often if site‐specific risks and conditions 
warrant it) to ensure compliance and to assess their effectiveness. 

 Providing to the California Department of Toxic Substances Control (DTSC) and the Central Valley 
Water Board an annual report of monitoring and inspection activities that the Air Force has conducted.  

 Notifying DTSC and the Central Valley Water Board as soon as practical, but no later than 10 days 
after discovery, of any LUC violation or deficiency or of any other action that interferes with LUC 
effectiveness. The notification will also describe corrective measures taken or planned and the 
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timeframe expected to accomplish the measures. For subsequent corrective measures, the Air Force 
will provide further notice when these measures have been completed. 

 Ensuring that the Air Force will not modify or terminate LUCs, implementation actions, or modify 
land use without prior approval by DTSC and the Central Valley Water Board. 

 Providing notice to the State of California at least 6 months prior to any transfer or sale of property. 
This ensures that the State of California can be involved in discussions to ensure that appropriate 
provisions are included in the transfer terms or conveyance documents to maintain effective LUCs. 
If such notification cannot be accomplished 6 months prior, it will occur no later than 60 days prior 
to the transfer or sale. 

 Whenever the Air Force transfers real property that is subject to LUCs and resource use restrictions 
to another federal agency, the transfer documents will require that the federal transferee include 
the LUCs and applicable resource use restrictions in its resource use plan or equivalent resource use 
mechanism. The Air Force will advise the recipient federal agency of all obligations contained in the 
Work Plan, including the obligation that a state land use covenant will be issued and recorded 
pursuant to 22 CCR Section 67391.1 if the federal agency transfers the property to a nonfederal entity. 

 Whenever the Air Force proposes to transfer real property subject to resource use restrictions and 
LUCs to a nonfederal entity, it will provide information to that entity in the draft deed and transfer 
documents regarding necessary resource use restrictions and LUCs, including the obligation that 
a state land use covenant will be executed and recorded pursuant to 22 CCR Section 67391.1. 
The signed deed will include LUCs and resource restrictions equivalent to those contained in the 
state land use covenant. 



FIGURE 3-1
SITE SS023 GEOLOGIC
CROSS SECTION
SITE SS023 CORRECTIVE MEASURES IMPLEMENTATION REPORT
BEALE AIR FORCE BASE, CALIFORNIA

SOURCE: 

SOLID WASTE MANAGEMENT UNIT 23 REMEDIAL PROCESS
OPTIMIZATION DATA GAPS INVESTIGATION INFORMAL TECHNICAL
INFORMATION REPORT (URS, 2008).
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FIGURE 3-2
SITE SS023 TCE CONCENTRATIONS
IN GROUNDWATER
SITE SS023 CORRECTIVE MEASURES IMPLEMENTATION REPORT
BEALE AIR FORCE BASE, CALIFORNIA
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FIGURE 3-3
SITE SS023 PCE CONCENTRATIONS
IN GROUNDWATER
SITE SS023 CORRECTIVE MEASURES IMPLEMENTATION REPORT
BEALE AIR FORCE BASE, CALIFORNIA
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SECTION 4

Monitoring Plan

This section describes the baseline performance and compliance monitoring for the ISCO remedy at
Site SS023. Performance monitoring occurs in the treatment and transition zones, while compliance
monitoring is designed to show the impact on groundwater quality outside the transition zone.
The Central Valley Water Board prepared a tentative MRP (Appendix A, Attachment A3) for the ISCO
remedy, outlining objectives for performance and compliance monitoring. The monitoring plan for
Site SS023 complies with MRP Order R5-2008-0149-054.

4.1 Recommended Changes to the Tentative MRP
The following changes to the Tentative MRP are recommended:

• BAT-1MW should be changed from a compliance well to a treatment zone well. The ROI of the
sodium permanganate injected at SWMU23C017IW extended beyond BAT-1MW during the
permanganate injection. BAT-1MW was proposed as a background well (BW) (upgradient of the
treatment zone), but the actual treatment zone is larger than the design.

• SWMU23U005BMW should be removed from the monitoring program as a transition zone well (TW)
because the screen interval of this well (45 to 50 feet bgs) is deeper than the injection interval (15 to
35 feet bgs) in this area.

• Injection wells constructed in 2014 are labeled as SWMU23C014IW, SWMU23C015IW,
SWMU23C016IW, and SWMU23C017IW.

• Background concentrations section should be revised to require background concentrations of TDS
and dissolved metals. Sulfide, sulfate, carbon dioxide, methane, ethane, and dissolved organic
carbon (filtered) should be removed because these analytes are applicable to anaerobic
bioremediation (not applicable to ISCO).

• Monitoring of total chlorides will be measured by U.S. Environmental Protection Agency (EPA)
Method E300 instead of EPA Method 6010B.

• Monitoring of dissolved selenium instead of total selenium.

• Monitoring of dissolved sodium will be performed instead of total potassium because injection of
sodium permanganate occurred rather than potassium permanganate.

4.2 Performance Monitoring
The purpose of performance monitoring is to assess the long-term effectiveness of the ISCO and EA
remedies. Semiannual performance sampling will be conducted for 1 year or until objectives of the MRP
have been met to determine whether TCE concentrations decreased from baseline conditions after
treatment. Additionally, annual sampling of the injection wells will be performed. Performance
monitoring will be performed as part of the semiannual BGMP sampling event in February and the
annual BGMP sampling event in July.

Performance monitoring wells (PMWs) were selected based on screen interval (similar interval to the
injection well intervals) and elevated TCE concentration (greater than 100 µg/L). The PMWs are further
separated into four TZWs and six TWs depending on whether they are located within the ROI of the
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injection wells. Figure 4-1 displays the locations of the PMWs. The goal of the first year of post-injection
sampling will be to evaluate the performance of the ISCO remedy and the need for subsequent injection.
Post-injection sampling will be conducted and reported under the BGMP. A list of wells and their
designated uses is included in Table 4-1.

TABLE 4-1
Well Type and Designation for Site SS023 Monitoring
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Well Type Designation
Number
of Wells Well Names

Treatment zone well TZW 4 BAT-1MW, BAT-4AMW, BAT-4BMW, and SWMU34U002MW

Transition zone well TW 6 BAT-5AMW, SWMU23C008MW, SWMU23U004AMW,
SWMU23U005AMW, SWMU23U006AMW, and SWMU23U007AMW

Injection well IW 6 23SWMU1MW, SWMU23C009MW, SWMU23C014IW,
SWMU23C015IW, SWMU23C016IW, and SWMU23C017IW

Compliance monitoring well CMW 2 23U001BMW and 39C023MW

Background well BW 1 SWMU23U003AMW

The groundwater samples collected as part of the BGMP will be analyzed in the field for temperature,
conductivity, turbidity, pH, ORP, DO, and permanganate concentrations. Permanganate concentrations
will be measured using a Hach colorimeter. Groundwater samples will be submitted to a contract
laboratory for analysis of VOCs (SW8260B), TDS (E160.1), total chlorides (E300), and dissolved chromium,
dissolved manganese, dissolved selenium, and total sodium (SW6010B). Groundwater VOC samples with
visible permanganate (pink to purple water) will be neutralized with ascorbic acid in accordance with the
Basewide UFP-QAPP (CH2M HILL, 2014c) because of the effect of binary mixtures. In a binary mixture,
the oxidant may reduce concentrations of organic contaminants in the sample container prior to analysis
by the laboratory (Saebomet al., 2012). A list of analytical methods and sampling frequency is included
in Table 4-2.

TABLE 4-2
Schedule of Performance and Compliance Monitoring
Site SS023 Corrective Measures Implementation Report, Beale Air Force Base, California

Analysis Method

Sampling Frequency –
Long-term Operation

Semiannual Annual

Field parameters (pH, DO, ORP, conductivity, turbidity, and temperature) Field electrodes PMW, CMW IW, BW

Groundwater elevation Field probe PMW, CMW IW, BW

VOCs SW8260B PMW, CMW IW, BW

TDS 160.2 PMW, CMW IW

Total chlorides E300 PMW, CMW BW

Dissolved manganese, selenium, sodium, and chromium SW6010B PMW, CMW BW

Permanganate Colorimetric Ag Sol Standard PMW, CMW IW
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4.3 Compliance Monitoring
Compliance monitoring will be completed in accordance with the requirements outlined in WDR
Order R5-2008-0149 and MRP Order R5-2008-0149-054 (Appendix A, Attachment A3). Semiannual
compliance sampling will be conducted post-injection for 1 year or until objectives of the MRP
have been met. Two CMWs located downgradient from the plume and outside the transition zone
were selected because of their location to the injection wells and screen intervals. One BW,
SWMU23U003AMW was identified in the MRP as an upgradient well for the development of
background concentrations of sulfide, sulfate, carbon dioxide, methane, ethane, dissolved organic
carbon (filtered), TDS, and metals. Figure 4-1 displays the locations of the CMWs.

The samples will be analyzed in the field for temperature, conductivity, turbidity, pH, ORP, DO, and
permanganate concentrations. Permanganate concentrations will be measured using a Hach colorimeter.
Groundwater samples will be submitted to a contract laboratory for analysis of VOCs (SW8260B),
TDS (E160.2), total chlorides (E300), and dissolved chromium, dissolved manganese, total selenium,
and total sodium (SW6010B). The groundwater compliance monitoring will confirm that sodium
permanganate injections are not adversely affecting the area outside the target treatment zone.
A list of analytical methods and sampling frequency is included in Table 4-2.

4.4 Reporting
Four reporting requirements are included in the WDR:

1. Baseline Summary/Implementation Report
2. Phase II Evaluation Report (if a second phase of injections is performed)
3. Semiannual and Annual Data Reports (Monitoring Report)
4. Corrective Action Work Plan (if corrective action is required)

This document satisfies the Baseline Summary/Implementation Report requirement. The semiannual
and annual reports will be submitted as part of the semiannual and annual BGMP reports. If analysis of
TCE concentrations in groundwater show a decreasing trend and ISCO byproducts are at or approaching
baseline conditions, then monitoring and reporting may be discontinued.

A change in the MRP involves submitting a recommendation to the Central Valley Water Board in a
stand-alone document. Requests will also be presented in the recommendations section in the BGMP
report. A meeting shall be held with the Air Force and Central Valley Water Board to gain concurrence
on the proposed changes. The Central Valley Water Board staff shall recommend the proposed changes
to the MRP to the Executive Officer.

4.5 Contingency Plan
This section describes a contingency plan to meet report provisions specified by the Central Valley
Water Board in the WDR Order R5-2008-0149. The contingency plan provides a general overview of
efforts that the Air Force would take to address exceedances of dissolved chromium, dissolved
manganese, or permanganate at concentrations greater than baseline concentrations in
downgradient CMWs.

A concentration of the selected analyte greater than a trigger level (defined as the greater of twice the
baseline concentration of the analyte or the analyte’s MCL) in a downgradient CMW would constitute
an adverse impact to groundwater outside the transition zone. If dissolved manganese, dissolved
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chromium, or permanganate exceeds a trigger level in a downgradient CMW, a confirmation sample will
be collected. If the exceedance is confirmed, the Central Valley Water Board will be notified in writing.

If an exceedance in a downgradient CMW is confirmed, a corrective action work plan will be submitted
to the Central Valley Water Board for approval. One or more of the following corrective action would be
considered:

• Increased monitoring frequency

• An expanded monitoring network

• Enhanced in situ bioremediation to reduce concentrations of any oxidants or dissolved metals
mobilized during ISCO treatment

• Hydraulic control of amendments in the target treatment zone
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SECTION 5

Conclusions and Recommendations

5.1 Conclusions
The following conclusions were determined by baseline monitoring, ISCO injection, and LUC
implementation:

• Most of the TCE mass remains beneath Doolittle Drive as evidenced by the baseline groundwater
sampling event. The highest TCE concentration in groundwater (564 µg/L) was observed in a sample
collected from injection well SWMU23C016IW, located along Doolittle Drive.

• ISCO was successfully implemented in the treatment area as evidenced by breakthrough in the
observation wells. The estimated ROI, excluding the ROI calculated for injection well
SWMU23C014IW, ranged from 25 to 62 feet.

5.2 Recommendations
The following activities are recommended to optimize the remedy for Site SS023:

• Visually observe groundwater from BAT-9MW during the February 2015 BGMP. If water has visible
permanganate, then analyze the sample for permanganate. BAT-9MW is between BAT-4AMW and
BAT-5AMW. Breakthrough of permanganate was observed in BAT-4AMW, and BAT-5AMW was the
downgradient extent of the 100-µg/L TCE plume as of July 2014. Visual inspection of groundwater
from BAT-9MW will refine the extent of the ISCO treatment zone.

• Evaluate TCE and permanganate concentrations from BAT-5AMW. If BAT-5AMW has not shown an
impact from ISCO injections (decrease in TCE or visible permanganate) by the 2015 Annual BGMP
event, then permanganate injection directly into BAT-5AMW is recommended to treat the entire
100-µg/L TCE plume.
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530-788-1098 

YUBA COUNTY ENVIRONMENTAL HEALTH DEPARTMENT 
915 8TH STREET, SUITE 123 MARYSVILLE, CA 95901 
(530) 749-5450 FAX (530) 749-5454 

09:37:57 a.m. 06-11-2014 

PERMIT TO CONSTRUCT. REPAIR. INACTIVATE. OR DESTROY A WELL 

FEE: 414.00 PAID: 414.00 

PERMIT# WP0009910 to WP0009913 RECEIPT It 100003655 

SITE LOCATION: SS023 

APN#: 

CROSS STREET: A STREET 

OWNER: US AIR FORCE 

MAILING ADDRESS: 6601 B STREET BEALE AFB CA 95903-

DRILLING CONTRACTOR: NATIONAL EWP INC 

MAILING ADDRESS: 630 LINCOLN AVENUE WOODLAND CA 95695-

CONSULTING FIRM: CH2M HILL 

MAILING ADDRESS: PO BOX 9004 BEALE AFB CA 95903-

PERMITTED ACTIVITY 

TYPE OF WORK: CONSTRUCT NEW WELL 

INTENDED USE: MONITORING 
DRILLING METHOD: ROTARY 

CONSTRUCTION SPECIFICATIONS 

CASING DIAMETER: 2" CASING MATERIAL: PVC 

ANNULAR SEAL MATERIAL: NEAT CEMENT 

WELL DESTRUCTION 

DIAMETER: DEPTH: MATERIAL USED: 

PHONE: 5306343856 

LICENSE #: 953646 

PHONE: 5306684080 

LICENSE #: 

PHONE: 5307889131 

GAUGE/THICKNESS: 

SEAL DEPTH: 9-36' 

1. Contractor will comply with all codes, rules, and regulatloM of the State of california and County of Yuba pertaining to or regulating well 
construction. 

2. Contractor will call for a grout/destruction Inspection at least 24 hours prior to pouring, 
3. Contractor will submit a water well driller's report to the Yuba County Environmental Health Department within 15 days of completion. 
4. Contractor will maintain the required minimum setbacks to all existing or proposed sewage disposal areas and to all other sources of 

contamination. 
5. Owner wlll obtain final approval befor!'! placing the well in service. 
6. All materials used shall meet manufacturer's speclflcations. 
7. All required water sample results will be submitted to Yuba County Environmental Health prior to final approval. 

ADDITIONAL COMMENTS: 

PERMIT ISSUED BY: JODI BIRD 

530- 035-37.-7~ 
Permit expires 1 year from date of issue 

111 
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o C. RAILROPD TRACKS o F.COMM o OVERHEAO o U NOERGROUNO XlOTHER • 
3.DATECLEARANCE REQUIRED, 4. DATE OF Cl.EAAANCE 

5. SIGNATURE OF REQUESTING OFFICIAL 6. TELEPHONE NO. 7. ORGANIZATION Ct-:2MHILL 
Shandon Sands 788 - 9131 
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Site SS023 Regulatory Documents



 

 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
CENTRAL VALLEY REGION 

 
TENTATIVE MONITORING AND REPORTING ORDER NO. R5-2008-0149-054 

FOR 
UNITED STATES AIR FORCE 

BEALE AIR FORCE BASE 
IN-SITU GROUNDWATER REMEDIATION OF VOLATILE ORGANIC COMPOUNDS 

USING IN-SITU CHEMICAL OXIDATION AT SITE SS023 
YUBA COUNTY 

 
 
This Monitoring and Reporting Order (MRP) describes requirements for providing 
groundwater monitoring of an enhanced in-situ bioremediation (Bioremediation) system 
at Beale Air Force Base. This MRP is necessary to evaluate and determine whether the 
in-situ treatment of groundwater pollutants is effective.  This MRP is issued pursuant to 
Water Code Section 13267. The United States Air Force (Discharger) shall not 
implement any changes to this MRP unless and until a revised MRP is issued by the 
Executive Officer.  
 
Prior to construction of any new groundwater monitoring or injection wells, and prior to 
destruction of any groundwater monitoring or injection wells, the Discharger shall submit 
plans and specifications to the Central Valley Water Board staff for review and 
approval. Once installed, any new groundwater monitoring wells or injection wells 
added to the monitoring program shall be sampled semi-annually according to Table 2 
of this Order. 
 
All samples should be representative of the volume and nature of the discharge or 
matrix of material sampled.  The time, date, and location of each grab sample shall be 
recorded on the sample chain of custody form. 
 

GROUNDWATER MONITORING 
 
As shown on Figure 1, the monitoring and reporting for Site SS023 consists of 6 
injection locations. Two existing monitoring wells, (SWMU23C009MW and 
23SWMU1MW) and four new injection wells will be used as injection locations to 
provide coverage of the target treatment area. The monitoring network for this 
treatability study will consist of three treatment zone monitoring wells, seven transition 
zone monitoring wells, three compliance monitoring wells and one background well. 
The injection locations, which will also be monitored, will provide a treatment area 
covering approximately 2500 square feet. The injection depth will extend from 15 to 50 
feet below ground surface.  Monitoring wells with free phase petroleum product or 
visible sheen, if present, shall be monitored, at a minimum, for product thickness and 
depth to water. Sample collection and analysis shall follow standard USEPA protocol. 
 
The monitoring wells shall be sampled according to the schedule in Table 1, and the 
samples analyzed by the methods in Table 2, as follows: 
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Table 1: Sampling Frequency and Constituent Suite 

 
 
 

Well Number 1 Frequency Constituent 
Suite(s) 2 

Monitoring Objective 

SWMU23U003AMW Annual A,B Background Well 
23U001BMW Semiannual A,B,C Compliance Monitoring 
39C023MW Semiannual A,B,C Compliance Monitoring 
BAT-1MW Semiannual A,B,C Compliance Monitoring 
SWMU23U005AMW Semiannual A,B,C Transition Zone 

Monitoring 
SWMU23U005BMW Semiannual A,B,C Transition Zone 

Monitoring 
BAT-5AMW Semiannual A,B,C Transition Zone 

Monitoring 
SWMU23U006AMW Semiannual  A,B,C Transition Zone 

Monitoring 
SWMU23U007AMW Semiannual A,B,C Transition Zone 

Monitoring 
SWMU23U004AMW Semiannual A,B,C Transition Zone 

Monitoring 
SWMU23C008MW Semiannual A,B,C Transition Zone 

Monitoring 
SWMU34U002MW Semiannual A,B,C Treatment Zone 

Monitoring 
BAT- 4AMW Semiannual A,B,C Treatment Zone 

Monitoring 
BAT-4BMW Semiannual A,B,C Treatment Zone 

Monitoring 
23SWMU1MW Annual A,C Injection well Monitoring 
SWMU23C009MW Annual A,C Injection well Monitoring 
SWMU2314IW Annual A,C Injection well Monitoring 
SWMU2315IW Annual A,C Injection well Monitoring 
SWMU2316IW Annual A,C Injection well Monitoring 
SWMU2317IW Annual A,C Injection well Monitoring 
 
1 Well numbers as shown on Figure 1  
2 Constituent suite components (see Table 2) 
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Table 2: Analytical Methods 

  

Constituent Method 1 Maximum Practical 
Quantitation Limit (µg/L)2  

Suite A   
VOCs  SW8260B 0.5  
Suite B   
total chlorides, total 
selenium, total potassium, 
dissolved manganese, 
dissolved chromium 

EPA Method 6010B various 

Suite C   
Total Dissolved Solids3, 
Permanganate  

EPA 160.1 
Hach Colorimeter 

10,000 
1.0 mg/L 

 

1  Or an equivalent USEPA Method that achieves the maximum Practical Quantitation 
Limit  
2  All concentrations between the Method Detection Limit and the Practical Quantitation    

Limit shall be reported as trace levels. 
3 Total Dissolved Solids (TDS) data should be correlated with electrical conductivity 

data. Conduct TDS analysis on 10 percent of samples to confirm correlation 
 

FIELD SAMPLING 
 
In addition to the above sampling and analysis, field sampling and analysis shall be 
conducted each time a monitoring well or extraction well is sampled. The sampling and 
analysis of field parameters shall be as specified in Table 3. 

  
Table 3: Field Sampling Requirements 

 
Parameters Units Type of Sample 

Groundwater Elevation Feet, Mean Sea 
Level 

Measurement 

Oxidation-reduction potential Millivolts Grab  
Electrical Conductivity uhmos/cm Grab 
Dissolved Oxygen mg/L Grab 
pH pH Units (to 0.1 

units) 
Grab 

 
 
 



TENTATIVE MONITORING AND REPORTING ORDER    
NO. R5-2008-0149-054 -4- 
BEALE AIR FORCE BASE 
YUBA COUNTY   
 
 
 

 

Field Test instruments (such as those used to test pH and dissolved oxygen) may be 
used provided that: 
 

a. The operators are trained in proper use and maintenance of the 
instruments; 

b. The instruments are calibrated prior to each monitoring event; and 
c. Instruments are serviced and/or calibrated by the manufacturer at the 

recommended frequency 
 
 

DISCHARGE MONITORING 
 
The Discharger shall monitor daily the discharge of water and amendments that are 
injected into the groundwater according to the requirements specified in Table 4.  Each 
amendment addition shall be recorded individually, along with information regarding the 
time period over which the amendment was injected into the aquifer. 

 
 

Table 4:  Discharge Monitoring Requirements 
 

Parameters Units Type of 
Sample  

Injected Volume gallons per day Meter 
Amendment(s) Added kilograms per day Measured 

 
 

ESTABLISHMENT OF BACKGROUND CONCENTRATION VALUES 
 
The Discharger shall develop background values for concentrations of sulfide, sulfate, 
carbon dioxide, methane, ethane, dissolved organic carbon (filtered), TDS and metals 
(as noted in Table 2). Background values in groundwater should be developed by 
averaging the respective concentrations reported in background well 
SWMU23U003AMW. Alternatively, the Discharger shall develop background values for 
respective concentrations reported in monitoring wells listed in Table 1. 

 
REPORTING 

 
When reporting the data, the Discharger shall arrange the information in tabular form so 
that the date, the constituents, and the concentrations are readily discernible.  The data 
shall be summarized in such a manner as to illustrate clearly the compliance with this 
Order. In addition, the Discharger shall notify the Central Valley Water Board within 48 
hours of any unscheduled shutdown of groundwater extraction wells associated with the 
bioreactor. 
 



TENTATIVE MONITORING AND REPORTING ORDER    
NO. R5-2008-0149-054 -5- 
BEALE AIR FORCE BASE 
YUBA COUNTY   
 
 
 

 

As required by the California Business and Professions Code Sections 6735, 7835, and 
7835.1, all reports shall be prepared by a registered professional or their subordinate 
and signed by the registered professional. 
 
The Discharger shall submit semi-annual and annual electronic data reports, which 
conform to the requirements of the California Code of Regulations, Title 23, Division 3, 
Chapter 30.  The semi-annual report and annual report shall be submitted electronically 
over the internet to the Geotracker database system by 1 June and 1 December, 
respectively, of each calendar year until such time as the Executive Officer determines 
that the reports are no longer necessary. Hard copies of semi-annual and annual 
reports shall be submitted to the Central Valley Water Board by 1 June and 1 
December of each year, respectively, until such time as the Executive Officer 
determines that the reports are no longer necessary. 
 
  
Semi-annual reports shall include the following minimum information:  
 

(a) A description and discussion of the groundwater sampling event and 
results, including trends in the concentrations of pollutants and 
groundwater elevations in the wells, how and when samples were 
collected, and whether the pollutant plume(s) is delineated; 

 
(b) Field logs that contain, at a minimum, water quality parameters measured 

before, during, and after purging, method of purging, depth of water, 
volume of water purged, etc; 

 
(c) Groundwater contour maps for all groundwater zones, if applicable; 

 
(d) Isocontour pollutant concentration maps for all groundwater zones and all 

major constituents of concern, if applicable; 
 

(e) A table showing well construction details such as well number, 
groundwater zone being monitored, coordinates (longitude and latitude), 
ground surface elevation, reference elevation, elevation of screen, 
elevation of bentonite, elevation of filter pack, and elevation of well 
bottom; 

 
(f) A table showing historical lateral and vertical (if applicable) flow directions 

and gradients; 
 

(g) Cumulative data tables for all major constituents of concern containing the 
water quality analytical results and depth to groundwater for all monitoring 
wells for the past five years, if applicable.  Raw laboratory data shall be 
provided on CD or DVD and included in the report.  The Central Valley 
Water Board may request additional data as necessary; 
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(h) A copy of the laboratory analytical data report; 

 
(i) If applicable, the status of any ongoing remediation, including cumulative 

information on the mass of pollutant removed from the subsurface, 
system operating time, the effectiveness of the remediation system, and 
any field notes pertaining to the operation and maintenance of the system; 
and 

 
(j) If applicable, the reasons for and duration of all interruptions in the 

operation of any remediation system, and actions planned or taken to 
correct and prevent interruptions. 

 
Annual Reports shall contain an evaluation of the effectiveness and progress of 
the investigation and remediation. Annual Reports shall contain the following 
minimum information: 

 
(a) Both tabular and graphical summaries of all data obtained during the year; 

 
(b) Groundwater contour maps and pollutant concentration maps containing 

all data obtained during the previous year; 
 

(c) A discussion of the long-term trends in the concentrations of the pollutants 
in the groundwater monitoring wells; 

 
(d) An analysis of whether the pollutant plume is being captured by an 

extraction system or is continuing to spread; 
 
(e) A description of all remedial activities conducted during the year, an 

analysis of their effectiveness in removing the pollutants, and plans to 
improve remediation system effectiveness; 
 

(f) An identification of any data gaps and potential deficiencies/redundancies 
in the monitoring system or reporting program; and 
 

(g) If desired, a proposal and rationale for any revisions to the groundwater 
sampling plan frequency and/or list of analytes. 

 
The results of any monitoring done more frequently than required at the locations 
specified in the MRP shall also be reported to the Central Valley Water Board.  
The Discharger shall implement the above monitoring program as of the date of the 
Order. 
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Ordered by:  
 

 
 
 

________________________ __________ 
     PAMELA C. CREEDON, Executive Officer 

 
 

    _________________________________ 
 (Date)    
09/17/2014:RRR 



Attachment A4
Site SS023 Lane Closure Notification



“One Team … One Fight”

• WHO: National Drilling with oversight 
by CH2M HILL

• WHAT: Close westbound lane of 
Doolittle Drive and sidewalk along north 
side of Doolittle Drive

• WHEN: 14-15 JUN 2014 (Weekend)

• WHERE: Doolittle Drive between A and 
B Street

• WHY: Install an injection well on the 
north side of Doolittle Drive

• IMPACT: Work will be conducted on 
the weekend to reduce impact. 
Flaggers will be used to control vehicle 
and pedestrian traffic in working area.

Road Lane Closure

1
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