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1.0 INTRODUCTION

Environmental Management Resources, Inc. (EMR) has prepared the following work
plan for submittal to CH2M HILL Constructors, Inc. (CCI) to outline the scope of work
and project tasks involved in the implementation of a pilot-scale study involving the
injection of food-grade vegetable. oil into a chlorinated solvent plume (Investigation)
originating from the U.S. Naval NIROP Facility in Fridley, Minnesota (Facility). CCI
has been contracted by the Southern Division, U.S. Naval Facilities Engineering
Command (SOUTHDIV) to perform remediation activities at the NIROP Facility and the
adjoining Anoka County Riverfront Park (ACP) and has contracted with EMR to
complete the scope of work described here. This document provides a discussion of the
project site history and background, scope of work, project organization, schedule, and
description of the tasks, resources and materials needed to complete the project.

1.1 Project Background And Setting

1.1.1 Regulatory Frame Work
NIROP has been listed on the Final Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) National Priorities List (NPL) since
1989. Groundwater remedial actions conducted at the NIROP Facility were initiated in
response to the Record of Decision (ROD) signed in September 1990 by representatives
of the U.S. Navy (Navy), the United States Environmental Protection Agency - Region V
(USEPA), and the Minnesota Pollution Control Agency (MPCA).

1.1.2 Historical Investigations
Groundwater extraction wells began operating in September 1992 with two additional
wells placed into operation in June 1995. Another upgrade of the extraction system was
completed in June 2001. The goal of the system installation was to address requirements
of the ROD that specified hydraulic containment and, to the extent feasible, recovery of
down-gradient contamination.

The treatment of extracted groundwater was handled in a two-phase process. Phase II of
the process, implemented in December 1998, involved construction and operation of a
groundwater treatment system consisting of air-stripping units and located at the NIROP
Facility. Currently, post-treatment water is discharged to the Mississippi River through
outfall 020 (NPDES/SDS Permit MN000071 0).

A five-year review of the groundwater extraction system, Operable Unit 1 (OU-l),
resulted in the recommendation that the Navy determine what can be done to
significantly reduce residual groundwater contamination at the ACP. The currently
proposed ACP Pilot-Scale Study is a result of that recommendation.
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1.1.3 Site Setting
The NIROP Facility and ACP are located just east of the Mississippi River in Fridley,
Minnesota. The NIROP Facility is approximately 1,000 feet east of the Mississippi River
and lies on a broad, flat outwash terrace. Pavement, structures, and other impermeable
features largely cover the Facility, while the ACP is predominately wooded with areas of
rough terrain. The NIROP Facility covers a total of 138 acres, of which the federal
government owns 83 acres, which are operated by United Defense Limited Partnership
(UDLP). The remaining 55 acres are owned and operated by UDLP. The ACP is a day­
use recreational facility located between East River Road and the Mississippi River and
consists of approximately 60 acres.

1.1.3.1 Hydrogeology
The hydrogeology within the vicinity of the NIROP Facility is consistent with the
regional hydrogeology. There are four aquifers which govern groundwater flow; listed
from shallow to deep they include: unconsolidated Quaternary aquifer zone, the Prairie
du Chien/Jordan aquifer, the Franconia/Ironton/Galesville aquifer, and the Mount
Simon/Hinckley/Fond du Lac aquifer.

The unconsolidated aquifer zone, proposed for remediation, consists of glacial outwash
and till deposits overlain by glacial-fluvial deposits and is composed of two poorly
defined aquifers: a shallow unconfined drift aquifer, and a deep confined or semi­
confined drift aquifer. These aquifers consist of sand and gravel and are separated by a
silt or clay layer that ranges in thickness from 0 to 47 feet in the vicinity of the 83-acre
Facility. 'These two aquifers vary significantly in thickness (shallow from 41 to 93 feet;
deep from 19 to 55 feet) and hydraulic connection throughout the site. Data from
monitoring wells at the site have indicated no or very little hydraulic separation between
these aquifers.

Under current pumping conditions the general horizontal groundwater flow direction
across the NIROP site in the Quaternary aquifer zone is generally toward the southwest,
with discharge into the Mississippi River and underlying alluvium estimated to be as
much as 60 feet thick under the river (Lindgren 1990). Studies at the site have indicated
that the Mississippi River is a gaining stream for groundwater flow at all times of the
year. However, a groundwater ridge appears to be present near well MS-46S in the ,south
end of ACP and western portion of the UDLP. Due to this ridge, groundwater appears to
flow in an outward radial pattern in the ACP. A shutdown of the extraction system in
December 1999 did not show a change in the overall flow direction during non-pumping
conditions, indicating that the ridge is a result of natural conditions·, accentuated by the '
groundwater extraction system.

1.1.3.2 Groundwater Quality
Groundwater samples collected from the site in Fall 1999 indicate that TCE~ detected in
99 of 101 wells and ranging from 0.59 to 18,000 1lg!L, is the most extensive contaminant
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encountered in groundwater at the NIROP and adjacent ACP site. Dissolved TCE
concentrations are generally higher (0.59 to 18,000 /lg/L) in the shallow and intennediate
monitoring intervals of the unconfined aquifer, compared to the deep semi-confined
aquifer concentrations (1.8 to 5,200 /lg/L). TCE in the Prairie du Chien aquifer is
significantly lower and ranged in concentration from non-detected to 7.9 /lg/L in fall
1999. Generally, TCE in groundwater at the shallow, intennediate and deep monitored
intervals extends from north of the NIROP's northern boundary to the southwest, along
the direction of groundwater flow to the Mississippi River.

Elevated levels of TCE in the shallow aquifer are generally present in the southwestern
portion of the NIROP and ACP site. Concentrations are significantly lower northeast of
East River Road. Concentrations in the central portion of the ACP are locally elevated,
ranging from 1,100 to 18,000 /lg/L at well MS-46S, in the vicinity of the proposed pilot
study. Well MS-46S is screened in the shallow interval of the Quaternary aquifer system.
This zone of elevated concentrations generally corresponds with the location of the
groundwater ridge and may represent a stagnation zone allowing elevated concentrations
to exist in this area.

2.0 PROJECT ORGANIZATION

2.1 Project Personnel and Staffing

EMR will have on-site at, a minimum, a two-person field crew consisting of a Field Site
Manager (FSM) and an experienced field technician. The FSM will oversee and assist
with all field activities and subcontractor oversight, in addition to management of
investigation derived wastes (IDW), health and safety plan implementation, and direct
communication with the CCI field team and designated NIROP representatives. The field
technician will be responsible for site preparation, direct supervision of subcontractor
activities, and soil and water data collection, completion of all the required field fonns,
groundwater and soil sample collection and oil injection activities. Periodic groundwater
sampling and data collection will be conducted by members of the designated EMR
Sampling Team under direct supervision of the FSM. Qualifications and certifications
for each of the sampling team members are provided in Attachment C-l of the EMR
Quality Assurance Program Plan (Appendix C).

A flow chart of the EMR project team personnel who will be working on the ACP Pilot
Scale Project, and there designated responsibilities is provided in Figure 1.1 of the EMR
QAPP (Appendix C). EMR will provide investigation infonnation to the CCI Project
Manager who will be actively involved throughout each Investigation. EMR will only by
direction of CCI have direct contact with any other agency or party.
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2.2 Project Scheduling

A proposed schedule of project and field investigation activities is provided in Appendix
A. All of EMR's on-site field activities will be scheduled and coordinated with the CCI
project manager prior to implementation. Periodic groundwater sampling and data
collection conducted post-system-installation will be implemented as outlined in the
project schedule and by request of the CCI project manager.

2.3 Project Resources

A state-licensed well contractor who will work in accordance with Minnesota
Department of Health (MDH) Rules, Chapter 4725, Wells and Borings, has been chosen
to perform the installation of all new wells. Licensed disposal facilities capable of
handling wastes classified in accordance with 40 Code of Federal Regulations (CFR) 261
regulations and currently in good regulatory standing have been selected to provide
removal, pumping (liquid wastes only), transportation, temporary offsite storage, and
treatment services. Analytical samples will be submitted to a state of Minnesota certified
and licensed laboratory pre-selected by CCI. A list of subcontractor names and
associated services is provided in Table 2.2.

A detailed list of anticipated equipment needs is provided in Appendix A

2.4 Reporting

Project reporting and submittals will take place during the full duration of the project
implementation and is discussed in detail below.

2.4.1 Pre-Award Submittals
.This work plan document constitutes one of three developed by EMR for submittal to and
approval by CCI prior to implementation of the on-site field investigation. The two
additional documents to be used in conjunction with this wok plan include the site­
specific Health and Safety Plan (HASP) (Appendix B) and the Quality Assurance Project
Plan (QAPP) (Appendix C). EMR's QAPP combines all quality control measures to be
used on the project and includes requirements of the standard quality control plan,
sampling and analysis plan, and waste management plan.

2.4.2 On-Site Deliverables and Reporting
EMR will provide the on-site CCI field manager with the following reports and project
documentation within the time interval specified:

• Completed cac Forms (End of each workday as generated)
• Analytical Data Reports (Upon Receipt)
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• Weigh Tickets (End of Workday)
• Disposal/Destruction Manifests and Certificates (End ofwork day or upon

receipt)
• Geophysical Reports (Within 3 days)

In addition, EMR will provide the CCI field manager with the following reports in a
format specified by CCI:

• Daily Field Log and Production Reports (End ofworkday)

• Field Test Reports (End of workday)
• Material Testing Reports (End ofworkday)

2.4.3 Post-Work Activity Reporting
Within 14 calendar days of completing fieldwork at the site to the satisfaction of CCI and
SOUTHDIV, the Subcontractor shall provide CCI with all copies of pertinent project
records not previously submitted, including but not limited to, analytical data,
transportation and disposal records, as-built drawings, and air monitoring records.
Geophysical gamma logging is requested by CCI within 3 days of completion.

The EMR project manager will provide the CCI project manager with a monthly update
of the project schedule, completed tasks, expenditures, and budget. At the completion of
each scheduled monitoring event, EMR will provide CCI with a letter report
summarizing the fieldwork conducted, any problems or complications, a brief summary
of applicable results.

3.0 MOBILIZATIONS AND SITE PREPARATORY WORK

All submittals required prior to work will be submitted to CCI prior to mobilization.
Upon CCI approval of all required submittals, EMR will mobilize all resources necessary
t.o. efficiently and completely perform this scope ofwork task.

3.1 Temporary Facilities and Site Controls

The NIROP Facility will remain active during the scheduled work activities. EMR will
set up designated areas and perform work in a manner that minimizes disruption of the
ongoing plant activities and will be responsible for addressing traffic control at the work
areas. Temporary barricades and caution signs will be provided around the work areas.
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EMR will provide a project site trailer for use by EMR and CCI. The trailer will have at
least two cellular telephone lines with local call access for CCI use. EMR will store
equipment and tools not left in the field trailer in a portable locked trailer that will be
removed from the site at the completion of each working day.

EMR will provide a portable toilet unit for CCI, EMR and lower-tier personnel use. EMR
will make arrangements for a water cooler on site as a source of potable water and supply
a gas-powered generator to provide electricity.

A decontamination pad to be used for the decontamination of heavy equipment will be
constructed by the drilling subcontractor. The decontamination pad will be cleaned after
each use. EMR will provide a boot wash/rinse area to be used to decontaminate reusable
articles. The basins will be placed in a prefabricated containment berm constructed of a
chemically resistant material. The floor of the berm will be equipped with a skid­
resistant mat. A drum or other container will be designated to dispose of PPE that will
not be reused. All equipment and personnel decontamination will be documented in the
field-log books.

A temporary staging area will be constructed, consisting of a minimum of two plastic­
lined, covered and sealed roll off boxes. One roll off box will be used for temporary
storage of 55-gallon drums containing soil wastes, while the other will be used for
temporary storage of water-filled drums. The roll off boxes will be lined with 6 mil
reinforced plastic sheeting and will be equipped with water tight doors· and retractable
tarps to prevent the collection of precipitation. The roll off boxes will be locked at the
end of each workday.

The temporary staging area will be equipped with the following equipment:

• drum labeling supplies
• fire extinguisher
• spill control and absorbent materials (spill control equipment and materials will

also be provided in areas where liquids are transferred from one vessel to another
- if the transfer takes place outside the staging area). '

• overpack drums
• an alarm hom or direct access of site pers~nnel to mobile phones or radios.

• drum repair materials and tools

• first aid kit
• I5-minute eyewash

• blood-borne pathogen kit
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3.2 Permitting and Variances

Site preparatory work will also require the obtainment of appropriate permits and
clearance requirements. Before any fieldwork is conducted, each proposed well location
will be checked for underground utilities. Underground utilities clearances, as per State of
Minnesota law, will be the responsibility of the drilling subcontractor. Utility clearances
will be obtained through the Gopher State One Call program and clearance will be
documented and provided to CCI on a daily basis.

CCI will be responsible for obtaining a variance related to well installation and oil
injection for the Investigation. EMR will keep in close contact with CCI as to
developments and potential scheduling delays related to variance approvals.

4.0 DESIGNATED TASKS AND SCOPE

Designated work phases to be completed for implementation of the Investigation include
the following project tasks:

• Pilot-Scale System Installation and Soil Sampling

• Measurement ofBaseline Geochemical Conditions and Contaminant Profiles

• Pre- and Post-Oil Injection Aquifer Testing

• Oil Injection
• Process Monitoring System Testing
• Waste Management, Transportation, and Disposal
• Site restoration and demobilization

All section references provided below refer to the Statement of Work in the CCI Request
for Proposal #0024-439 dated June 21, 2001 and as amended by CCI in correspondence
dated August 8,10, and 20,2001 found in Appendix D of this report.

4.1 Pilot Scale System Installation and Soil Sampling

The pilot-scale system installation will consist of the installation of 16 monitoring,
injection and contingency wells and tasks associated with their installation. The tasks are
as follows:

Sub-Task 1 - Drilling, installation and completion of the foilowing (Table 4.1)
(Sections 6.2.3.3 and 6.2.3.4 Appendix D):

• one (1) 3-inch background monitoring well to a depth of70 feet below ground
surface (bgs) with a 10 foot long screen placed from 30-40 feet bg!:;.;
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• three (3) 3-inch injection wells to a depth of 70 feet bgs with 10 foot long
screens placed from 30-40 feet bgs;

• five (5) 3-inch monitoring wells to a depth of40 feet bgs with 10 foot long
screens placed from 30-40 feet bgs;

• four (4) 3-inch diameter monitoring wells to a depth of70 feet bgs with 10
foot long screens placed from 30-40 feet bgs; and,

• three (3) 2-inch contingency wells to a depth 40 feet bgs with lO-foot long
screens placed from 30-40 feet bgs.

Sub-Task 2 - Continuous logging of all bore holes according to procedures outlined in
Sections 6.2.2 of Appendix D, the site QAPP (Appendix C) and EMR Standard
Operating Procedure (SOP) #1 (Appendix E). All information collected during the
drilling will be entered on a Visual Classification of Soils form (Appendix C,
Attachment C-2).

Sub-Task 3 - Collection of soil samples for volatile organic compounds (VOC), total
organic carbon (TOC), bulk density, and microbial analyses near the vertical center of
the screened interval according to procedures outlined in Section 6.2.2 Appendix D,
site QAPP (Appendix C) and EMR SOP 2 (Appendix E).

Sub-Task 4 - Completion of a geophysical survey on all boring holes to specifications
listed in Section 6.2.2 ofAppendix D.

Sub-Task 5 - Surveying of elevations and locations of the completed wells to
specifications in Section 6.2.3.7 of Appendix D.

4.1.1 Well Installation and Placement
The 3 injection wells will be located approximately 15 feet apart and centered 20 feet
downgradient of existing monitoring well MS-46S. Monitoring wells will be located at
distances of 15, 30, 50, 80 and 140 feet along the flowpath downgradient from injection
well 2, and additional groundwater monitoring wells will be located downgradient from
injection wells 1 and 3. Monitoring, well locations are intended to monitor the
groundwater system immediately downgradient of the injectionzone over a period of 12
months. One upgradient well pair MS-46S is located to monitor background
groundwater geochemistry. The three new contingency monitoring wells are to be
located approximately 200 feet downgradient from the injection wells. In addition, two
existing monitoring wells will be utilized as contingency monitoring .wells (wells 27S and
MS-47S).

Wells will be installed in ~tages, as directed by eCI, in order to collect water level
elevation data from the first few wells installed to more accurately define the direction of
groundwater flow and to better locate the remaining wells hydraulically downgradient.
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All wells are to be completed with the top of the well screen located approximately 4 feet
below the observed groundwater table. The drilling contractor will verify and record the
total depth of the injection wells and monitoring wells, 'the lengths of all casing sections,
and the depth to the top of all completion materials (filter pack, bentonite seal, etc.). All
lengths and depths shall be measur~d to the nearest O.1-foot.

All well installation and development activities are to be performed by Bergerson­
Caswell, a Minnesota Licensed drilling company; under the direct supervision of EMR's
FSM.

4.1.2 Soil Drilling and Sampling Procedures
Drilling in unconsolidated soils will be accomplished using the hollow stem auger
drilling method to approximate depths specified in Table 4.1. Soil samples will be
collected from drilling cores obtained by hollow stem auger drilling method using a 24­
inch long, 2-inch diameter split spoon sampler. Soil samples will be observed and
classified by EMR personnel per EMR SOP 1. All information will be recorded on a
Visual Classification of Soils form (Appendix C, Attachment C-2). Soil samples for
visual description will be collected at a frequency sufficient to identify the depths of
significant stratigraphic contacts' or other soil properties. Procedures will be modified, if
necessary, to ensure good sample recovery.

4.1.3 Analytical Sample Collection
As each boring is advanced one soil sample shall be collected from close vertical
proximity to the center of the screened interval to be installed. Aliquots of this soil
sample from selected boring locations identified in Table 4.1 will be collected by EMR to
submit for analysis of VOCs, bulk density, and total organic carbon (TOC) via methods
specified in the QAPP (Appendix C) and SOP#2 (Appendix E). Samples will be shipped
off-site, accompanied with a COC, for laboratory analysis by En Chern. Additional
aliquots of soil samples will also be collected and provided to CCI for microbial analysis,
soil isotherm sorption tests and bio-available iron analysis at another location.

4.1.4 Geophysical and Elevation Surveys \
After drilling is complete, a gamma log geophysical survey will be conducted at each
boring location on the total length of the boring. Summit Envirosolutions will conduct
the geophysical survey under the direct supervision of the EMR FSM.

A registered surveyor will survey the locations and elevations of the newly installed
background, injection and groundwater monitoring wells. Horizontal locations shall be
measured relative to established coordinates. Horizontal coordinates shall be measured to
the nearest O.1-foot. The elevation of the ground surface adjacent to the well casing and
the measurement datum (top of the casing) shall be measured relative to 'an existing
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benchmark location. Vertical elevations will be measured with respect to the National
Vertical Datum (NAVD) of 1998 to the nearest O.OI-foot.

4.2 Pre/Post Aquifer Testing

Aquifer characteristic testing (slug testing) will be conducted on three newly installed
injection wells and seven monitoring/contingency wells to determine the hydraulic
conductivity of the aquifer adjacent to the screened interval of the tested well. Both rising
and falling head data will be collected and used to estimate the effects of oil injection.
All slug testing will be performed after the completion of the baseline geochemical and
contaminant sampling and prior to oil injection. The test data will be used to estimate
the effects of oil injection. All slug testing will be performed after the completion of the
baseline geochemical and contaminant sampling and prior to oil injection.

Slug testing will be repeated on the three previously tested injection wells after the oil
injection process is complete. Aquifer testing procedures are outlined in EMR SOP 3
(Appendix E). Slug testing information will be recorded by the data-logging instrument
and on the Slug Test Report form (Appendix C, Attachment C-2). A detailed description
of slug test parameters and equipment needs is provided in Section 6.4 of Appendix D.

4.3 Baseline Groundwater Geochemical Condition and Contaminant Sampling

Groundwater sampling will be conducted on all newly installed injection, monitoring,
and contingency wells and three previously installed monitoring wells (MS-46S, 27S and
MS-47S) as outlined in Section 6.3 of Appendix D. This groundwater-sampling event
will establish baseline conditions for comparison and monitoring of the effects of oil
injection. Low flow sampling methods based on the MPCA Superfund and Voluntary
Investigation and Cleanup Programs - Sampling Protocol Template for Monitoring Wells
and outlined in EMR SOP 4 (Appendix E) will be employed during the groundwater­
sampling event. A total of 18 wells will be sampled during this event for parameters
outlined in Table 4.2. Standard protocol for analysis of the samples to be collected is
outlined in Table 4.4. All information gathered during the groundwater-sampling event
will be entered on the Groundwater Collection Log (Appendix C, Attachment C-2).

4.4 Oil Injection

The injection of vegetable oil into the subsurface aquifer will be conducted as per criteria
outlined in Section 6.5 of Appendix D and according to procedures outlined in EMR SOP
5 (Appendix E). EMR will procure and mix 3,600 gallons of a food grade vegetable oil,
400 lbs of lecithin and 7,200 gallons of native groundwater for injection into the aquifer.
The native groundwater will be extracted from an extraction well located close to the
injection wells. Prior to injection, the system will be filled with native groundwater and
pressurized to eliminate any air from the system. A total of 10, 800 gallons of the

10



ACP Pilot-Scale Study Work Plan
EMR Project #5427-001

oiVlecithin/water emulsion will be injected equally into three newly installed injection
wells (3,600 gallons in each injection well). An additional 60 gallons of native water will
be injected at a rate of 3 gpm into each injection well to flush the system and to enhance
the distribution o( the emulsion. The extraction of water from an on-site well, and the
injection of the oiVwater mixture may require special use pennits. CCl will be
responsible for the procurement of all special pennits prior to beginning of injection. All
data gathered during the oil injection process will be entered on the Vegetable Oil
Injection Form (Appendix C, Attachment C-2).

4.5 Process Monitoring

Process monitoring sampling will be conducted at 2, 5, 8, and 12 months following the
completion of the oil injection process. CCl may elect to extend the process-monitoring
program to include sampling events at 16, 20, and 24 months. A total of 18 wells will be
sampled during each event for parameters listed in Table 4.3 and in accordance to
protocols listed in Table 4.4. The sampling events will be c<;mducted according to
procedures outlined in Section 6.5.2 of Appendix D and EMR SOP 4 (Appendix E).

4.6 Analytical Quality Assurance/Quality Control (QA/QC) Sampling Program

EMR will collect analytical quality assurance and quality control samples (QNQC) to as
discussed in Sections 5.5.2 and Section 11.1 of the QAPP. These samples will be
collected to monitor sampling proficiency and laboratory perfonnance, and will include
trip blanks, equipment rinsate blanks, and field duplicate collected at a frequency detailed
in Table 4.5.

4.7 Waste Management

All investigation-derived wastes (IDW) will be handled, containerized, transported and
disposed of in accordance with Section 6.6 of Appendix D, and local, state and federal
regulations. Pre-injection well development and purge water will be transported to and
disposed at the NIROP water treatment facility. Soils and post-injection oiVwater wastes
will be transported by EMR to the temporary staging facility for scheduled pickup by the
designated waste disposal contractor. Soils will be transported and disposed of by Onxy
Environmental while post-injection oiVwater wastes will be transported and disposed of
by Special Waste Disposal, Inc. Wastes will only be disposed at facilities that have
received prior approval from CCl. Waste storage and handling will be conducted
according to procedures outlined in EMR SOP #6 (Appendix E). Conditions at the
temporary storage areas will be inspected daily and observations will be noted on the
Temporary Staging Area Inspection Form (Appendix C, Attachment C-2).
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4.8 Site Restoration and Demobilization

Site demobilization activities will include the removal of all temporary structures and
facilities, and disposal of all office, construction and investigation derived wastes. Site
restoration will return the surfaces and areas disturbed by investigation activities back to
their original grade and appearance. Demobilization and restoration activities will
include those items outlined in Section 6.8 of Appendix D.

5.0 DECONTAMINATION

All Personnel and equipment working at the investigation site will be decontaminated
prior to leaving the area of investigation to avoid the possibility of inadvertently
spreading contamination. Equipment will be properly cleaned to remove all
contamination that may adhere to the equipment components as a result of the
Investigation. General decontamination procedures are outlined in Sections 1.0 and 2.0 of
EMR's SOP #6. Decontamination of personnel and equipment will be performed in
accordance with applicable provisions of 29 CFR 1910.120. A detailed outline of work
zone and decontamination procedures is provided in Section 6.2 of the site HASP
(Appendix B). All office wastes and general construction debris generated by EMR's
demobilization activities will be properly disposed of offsite.

12
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TABLE 2.2

LOWER-TIER CONTRACTOR LISTING AND SERVICES
NIROP FRIDLEY, MINNESOTA

EMR PROJECT #5427-001

e

COMPANY NAME
SERVICES TO BE

COMPANY ADDRESS
COMPANY CONTACT % OF BID

PROVIDED PHONE NUMBER CONTRACTED WORK
li'~:';:'_-"±,: ~"'i;,; •."..,:"";,,..:.:;;;.; r" -r .. .,·cR' ~':;'" ~

• ,,'_"" _.';1¥:t:: ," _,' __ .... ..,.::z",,,,;m, ".~,.,.,

Bergerson-Caswell Inc. Well Installation 5115 Industrial Street, Maple Plain, MN 55359 (763) 479-3121 13.5%

EnChem Analytical Testing 525 Scenic Drive, Madison, WI 53711 (608) 232-3300 30.2%

Microseeps Hydrogen Analysis' 220 William Pitt Way, Pittsburgh, PA 15238 (800) 659-2887 3.8%

Onyx. Environmental Services Soil Waste Disposal 3230 101st Avenue Northeast, Blaine, MN 55449 (763) 786-3660 0.2%

Special Waste Disposal, Inc. Liquid Waste Disposal 3130 Excelsior Boulevard, Minneapolis, MN 55146 (612) 285-9865 1.0%

Summit Envirosolutions Geophysical Surveying 1217 Bandana Boulevard North, St. Paul, MN 55108 (651) 644-8080 2.9%
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TABLE 4.1
MONITORING WELL CONSTRUCTION SUMMARY

NIROP FRIDLEY, MINNESOTA
EMR PROJECT # 5427-001

Well Total Screened Feet of Feet of
Diameter Depth Interval Riser Screen

Identification (inCh; (feet bgs)aI (feet bgs) (feet) (feet) Interval

~ }":; :"" '" I';,V," .." ,~1fii,lll,i.''''''': '~".'T <+
PES-BG-I 3.0 70 30-40 63 10 Shallow Drift

',1 ·"S·j,J:',;,?·:;~!Fj;"::'''f:.f ,:C'" "'r, ,i· ,'" .
PES-INJ-l 3.0 70 30-40 63 10 Shallow Drift
PES-INJ-2 3.0 70 30-40 63 10 Shallow Drift
PES-INJ-3 3.0 70 30-40 63 10 Shallow Drift

"'~it~'~.:,; '2'( ,:',. :""i';'ii'!,~t:·{;·,~~ (; :':!itilJ(,,, ,i'j'l"!:, ':," ," :,,( ie'''·'

PES-MW-l 3.0 70 30-40 63 10 Shallow Drift
PES-MW-2 3.0 70 30-40 63 10 Shallow Drift
PES-MW-3 3.0 40 30-40 33 10 Shallow Drift
PES-MW-4 3.0 40 30-40 33 10 Shallow Drift
PES-MW-5 3.0 40 30-40 33 10 Shallow Drift
PES-MW-6 3.0 70 30-40 63 10 Shallow Drift
PES-MW-7 3.0 70 30-40 63 10 Shallow Drift
PES-MW-8 3.0 40 30-40 33 10 Shallow Drift
PES-MW-9 • 40 30-40 33 10 Shallow Drift-",;,' i,; ",.

PES-CW-l 2.0 40 30-40 33 10 Shallow Drift
PES-CW-2 2.0 40 30-40 33 10 Shallow Drift
PES-CW-3 2.0 40 30-40 33 10 Shallow Drift

a/ feet bgs indicates approximate depth in feet below ground surface. All wells will be installed
approximately 4 feet below the water table and have 3 feet of riser exposed above ground surface.



e, -TABLE 4.2
SUMMARY OF PROPOSED INITIAL SITE ACTIVITIES (Pre Oil Injection)

NIROP FRIDLEY, MINNESOTA
EMR PROJECT # 5427-001

e

Soil AnalYses

Vegetable Oil
Analyses oJ Groundwater AnalYses

Methane, I Nitrate +
Well Slug Test Water Level Total Organic Bulk Density VOCs VOCs bI VOCs Ethane, Nitrite TOC Well Head Mobile Lab Hydrogen

Location I Installation I Analvsis I Measurement ICarbon E415.11 ASTM - 02937 I SW8260B I (SW8260B) I (SW8260B) I Ethene (E300.t) I (SW9060) I Analyses t1 I Analvses dI I Analvses

I I

I I
VG-MW-2
VG-MW-3
VG-MW-4
VG-MW-5
VG-MW-6
VG-MW-7
VG-MW-8
VG-MW-9

x I I X I I I I I I I I I I I I I I I I
X I X I X I I I I I I I I I I I I I I I I I I I
X I X I X I I I I I I I I I I I I I I I I I I I
X I X I X I I I I I I I I I I I I I I I I I I I
X I I X I I I I I I I I I I I I I I I I
X I I X I I I I I I I I I I I I I I I I
X I X I X I I I I I I I I I I I I I 1 I I
X I I X I I I I I I I I I I I I I I I I

27S I I I X I I I I I I I I I I I I I I . I I I
~S-47S ~ I I -X-- I I I I I I I I I I '--1- I I I I I

-------

VG-CW-2 I X I X I X I I I I I I I I I I I I I I I I I
I I I I I I I I

I
VG-INJ-2 I X I X I X I I I I I I I I I I I I I I I I I I I I
iVG-INJ-3 I X I X I X I I I I I I I I I I I I I I I I I I I

7 7 I 18 18 18 I 18 I 18 18
;~';:~'~?'~-:,/i~:C~~::'~'~<-c" ,;;:i~'

2
IMSIMSD I I I I I I I I I I I
ITriD Blanks I I I I I I 4 I I 5
'Field Blank I I I I I I I I I I

oJ Baseline Yegetable oil sample will be collected from oil delivered to the site, prior to injection.

bI VOCs to include aromatic and chlorinated aliphatic hydrocarlxlns.

<1 Well head analyses include dissolyed oxygen, oxidation-reduction potential, pH, temperature, and conductivity.

dI Mobile lab analyses include chloride, carbon dioxide, alkalinity, anunonia, ferrous iron, hydrogen sulfide, and manganese,
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TABLE 4.3

SUMMARY OF POST-INJECTION PERFORMANCE MONITORING ACTIVITY (Per Sampling Event)
NIROP FRIDLEY, MINNESOTA

EMR PROJECT # 5427-001

e

Location
Water Level

Measurement
Slug Test
Analysis

;~:1~r-({. --

Oil Analyses

VOCs oJ

(SW8260B)

Groundwater Analvses

VG-MW-2 I X I I I I I I I I I I I I I I I I
VG-MW-3 I X I I I I I I I I I I I I I I I I
VG-MW-4 I X I I I I I I I I I I I I I I I I
VG-MW-5 I X I I I I I I I I I I I I I I I I
VG-MW-6 I X I I I I I I I I I I I I I I I
VG-MW-7 I X I I I I I I I I I I I I I I I
VG-MW-8 I X I I I I I I I I I I I I I I I
VG-MW-9 I X I I I I I I I I I I I I I I I I

27S I X I I I I I I I I I I I I I I I I
MS-47S I X I I I I I I I I I
1",='1% ,<'!IT', ,W."- , '" j'e';''''''',; ,cZ',;', ,:';:'{": ---;'(:, U·'4' :."'~4'. ;,~: I

VG-CW-I I X I I I I I I I I I
VG-CW-2 I X I I I I I I I I I I I I I I I I
VG-CW-3 I X I I I I I I I I I I I I I I I

.~~~ii?".~7; :iI~~~'::¥2±iJ7:C6p:~~~' . .:;~~-t;:; :::~::~:~j/;:\~·~2:.~~~:·
VG-INJ-I X I I I I I I I
VG-INJ-2 I X I" X' I I I I I I I I I I I I I I I I
VG-INJ-3 I X I X I I I I I I I I I I I I I I I I

SUBTOTALS I 18 I 3 I 3 I 18 I 18 I 18 I 17 I 18 I 18 I 18
I~AYJ~~~_~8&JlIi !1\~~.~;$;~:/~~'4~'i~~~';:;~';'1"t':>(, S'~\~"Y!;·;~~',,'i'C;~·t>::'j~-.,.~{,'c;'£.:l.::';';;~:?Rl;:'~/.2.;1, ,~;.:~:,~"!:(~

Duplicates I I I I I 2 I 2 I 2 I 2 I I 2
MSIMSD I I I I I I
ITrip Blanks I I I I 5
Field Blanks I I I I I

2

.- ;-:F£:':"~;;!·21ii\;';i ':"',
··;;.77321·~ -·'!I,,·'S<Y:~.4'4"i;,~·5"':·:

oJ VOCs to include aromatic and chlorinated apiphatic hydrocarbons. These samples will be collected only if vegetable oil is present in the injection well.

hi Well head analyses include dissolved oxygen, oxidation-reduction potential, pH, temperature, and conductivity.

cJ Mobile lab analyses include chloride, carbon dioxide, alkalinity, sulfate, ferrous iron, hydrogen sulfide, manganese, and hydrogen.
Note: Hydrogen will be sampled at MS-46S during all performance monitoring events, and during the 6 and 12 month events only in the remainder of the wells.
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MATRIX

Redox Potential

Dissolved Oxygen

pH

Specific Conductance

Temperature

-TABLE 4.4
STANDARD PROTOCOL FOR FIELD SAMPLES

NIROP FRIDLEY, NnNNESOTA
EMR PROJECT # 5427-001

METHOD

Direct-reading meter

Direct-reading meter

Direct-reading meter

Direct-reading meter

Direct-reading meter

FIELD (F) OR
ANALYTICAL

LABORATORY

F

F

F

F

F

e

Ferrous Iron

Manganese

Hydrogen Sulfide

Sulfate

Ammonia

Alkalinity (Carbonate [C03
2
-]

and Bicarbonate [HC03
Io))

Chloride

Carbon Dioxide

Colorimetric, Hach Method 8146 (or similar)

Colorimetric, Hach Method 8034 (or similar)

Colorimetric, Hach Method 8131 (or similar)

Colorimetric, Hach Method 8051 (or similar)

Colorimetric, Hach Method 8155 (or similar)

Titrimetric, Hach Method 8221 (or similar)

Titrimetric, Hach Kit 8P (or similar)

Titrimetric, CHEMetrics Method 4500 (or similar)

F

F

F

F

F

F

F

F

VOCs ISW8260B

at RSKSOP = Robert S. Kerr Laboratory standard operating procedure.

bI VOCs = volatile organic compounds.

Nitrate + Nitrite

(as Nitrogen [N))

Hydrogen

Methan~, Ethane, Ethene

Total Organic Carbon

VOCsbl

E300.1

AM-20-GAX (modified SW8015)

SW5021

SW90~0

SW8260B
,;,;'.,.:.......""'•.•"'.,"". .-..,,'n"<.'~....--"

L

L

L

L

L
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TABLE 4.5

QAlQC SAMPLING PROGRAM
NIROP FRIDLEY, MINNESOTA

EMR PROJECT # 5427-001

e

QAlQC Sample Type Minimum Frequency to be Collected and Analyzed aJ Analytes

Duplicates/Replicates 1 every lO or fewer samples of similar matrix VOCs, methane, ethane, ethene, geochemical

Rinseate Blanks 1 per day on re- usable equipment VOCs

Field Blank 1 every 20 or fewer groundwater samples VOCs

Trip Blanks One per sample shipment containing VOC smaples VOCs

Matrix Spike Samples 5 percent of groundwater and soil samples VOCs

Laboratory Control Sample One per method per medium per analytical batch Laboratory control charts (Method Specific)

Laboratory Method Blanks One per method per medium per analytical batch Laboratory control charts (Method Specific)

aI Actual frequency of QAlQC samples may be altered by the CCI field scientist, but will not be less than minimum QAlQC sampling frequency.



ApPENDIX A

PROJECT SCHEDULE AND EQUIPMENT LIST



ID 0 Task Name Duration

.....
:~O/1rEIJL
"I:':':':'~

-.[]]

I

10

..
1~110 ~
.. ~
.. u~

:: It
•• U

Month 1 I Month 2 I Month 3 I Month 4

1day

1 day

1 day

1 day

1 day

2 days

2 days

5 days

. ·..".. ·n_._._ ···_··~ __·_· j .

!

····················1

I 1 day

_ - "r"'''-''-5d-;Y~''

........... ·i..

I

2 mo. after oil injection

Oil Injection

Slug Testing

Analytical Received

...-::.~~~~.:::~ ..-.............-..-.. -....-J-- _1_da~
Office/construction waste removed I 1 day

"IDemobilization/site restoration

Construction

Site Preparation

Execution Period

Notification of off-site activities

J
·················1

i

rn3~ I................!

I
!A~~iYti~1ReceiVedl

___ +-_:;;~: ~__5,:;
········r..· ·······..· 8~~:·~ft~~·~ii·i~j~cti~~·· .. ·· .. ·.. ...............................\............................"5d;y;

~ -i

9

7

8

4

6

17

10

21

16

1----11----+-----------------+-------
rn3~

599 days

~"'j Fi~idW;;~k"I-- 52 days

1-----1 --1-----1

:~~:2~:~: ffi3()t-:·D'"l:=:~'~ ~.·1:11--·_·....-.....-·~-~-:-:.-;-·1
t-----l------.L...........--.....------..-------

14 lli3~ I Geophysical Gamma Logging i 8 days

1--
15
---1 ... ···- ....t... - ..

....... L
I
I

22

23

24

25

26

27

28

29

30

31

32

33

e 34

35

1 m:a~ :Prior-ta-work submittals 2 days

2 ~ ~ce--t-a--p-roceed--(-NT-P-)----------+-----14-d-a-ys-1

~rE3~ !0'..:0;","",;-",,",, .==:-j=-~'"
_~_~._···_······_"··-+I_M_··~_b_iii_;_t..I_~_··~__P_···~_~'_;;__d_"" .__._. l .._.._3 days

1--5--; rn3 I Mobilization I 1day

...L..
!
I........ j...

·......W~iIEI~~~tion S~::~-~~:~ ......:-..:r ..···-···· ···········8..d~y~ ..

Soil Disposal Characterization j 1 day

I Receive lab results/forward to CH21 1 1 day

...........~ _.._. .. _ __.._-_ - _ .._.

18 i Soil transported/disposal faci!. I

~rBi~!··-5;;;;-T,;;'--(·
20 -~ Baseline Groundwater Sampling : 5 days

··-·..·..··· ·..f -..-..--..- -- - -..... ..L..- ---- .

i :;~:~:::i:::~~i~ri~ti..on 1 <..~.
I



I
Month 5 I

t
1

~\I
~.

Month 6 I Month 7 I

. ..
::::::

I
Month 8 I

I
Month 9 I Month 10 I Month 11 I Month 12 I Month 13

..

3



I I I
Month 14 I Month 15 I Month 16 I Month 17 I Month 18 I Month 19 I Month 20 I Month 21 I Month 22

n
5



I
Month 23 I Month 24 I

I
Month 25 I Month 26 I Month 27 I Month 28 1

I
Month 29 1 Month 30 I Month 31

7



.. I
10 6 Task Name Duration Month 1 I Month 2 I Month 3 I Month 4
36 12 mo. after oil injection 5 days ·.·.
37 l1n,!!~";~1 Received 1 day ....·...
38 16 mo. after oil injection 5 days

........
39 Analytical Received 1 day

..·.·.·.
40 20 mo. after oil injection 5 days ·.........
41 Analytical Received 1 day

..·.·.·.·.
42 24 mo. after oil injection 5 days ·.·.......
43 l1n"h,,;,..,,1 Received 1 day

....·...·.
44 Oillwater disposal characterization 1 day ·.·.·.·.·.
45 Analytical received 1 day ·.·.·.·.·.
46 Oillwater disposal 1 day ·.·.·.·.
47 ~ Closeout documentation 14 days ·.·.~ ·.·.·.

2



Month 5
I
I Month 6 I Month 7 I

I
Month 8 I

I
Month 9 I Month 10 I Month 11 I Month 12 I Month 13

4



Month 14 Month 15 Month 16 Month 20 Month 21 Month 22

6



I I I
Month 23 I Month 24 I Month 25 I Month 26 I Month 27 I Month 28 I Month 29 I Month 30 I Month 31
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Appendix 1 - Equipment List
. NIROP Facility - Fridley, Minnesota

EMR Project # 5427-001.1

Site Project Trailer - need
2 cellular telephones
EW5000 Honda Generator
Potable Water Cooler with Extra bottle
Portable Toilets
Two way radios
Miscellaneous Records and Manifests

Profiles/Characterization Data
Manifests, Bills of Lading
Offsite facility waste reciepts
Training Records
Inspection Records
MSDS

IR 763 Skid Steer Loader
Ford F-150 Pickup
ToollEquipment Storage Trailer
Level D PPE
12' x'12' Heavy Equipment Decontamination Pad
8' x 8' Boot Decontamination Area
Antislip decontamination area mat
Boot area decontamination brushes and tubs
(2) Sealed Door 30 yard Rolloff Containers
Rolloff Container Liners
120 Gallon Poly Tank
Fire Extinguisher
Spill Control Supplies (Overpack drums, compatable materials, hand tools)
Site Emergency Equipment '

first aid kits
15 minute eyewash
bloodbome pathogen kit

Decontamination Equipment
Alarm System (Blow Hom)
Tools for opening/closing drums
Temporary Staging Area Inspection Forms
Container Repair parts (Bungs, Covers, Seals)
Haz/Non-Haz Labels

ThermoEnvironmental 580B GVM/Calibration Gas
Soil Visual Classification Logs
Headspace Analysis Logs
Soil Sampling Supplies (baggies, gloves, pens, etc)
Soil Classification Information (USCS, Munsell, etc.)
Table/Work Area
Chevrolet Work Van
300' Tape Measure
Leve1D PPE
Laboratory Sample Containers/Labels/Chain-of-Custody Forms
CoolerlIce

zworkJproposal/CH2M/EMR work_equip.xis



Appendix 1 - Equipment List
NIROP Facility - Fridley, Minnesota

EMR Project # 5427-001.1

IDW 55-gallon drums
Orion 1230 Groundwater Quality Meter with Probes
Turbidity Meter
Calibration Solutions
6 Port Flow Cell
purge Water 55-gallon drums
Level D PPE
Well Develo ment Form

Orion 1230 Groundwater Quality Meter with Probes
Turbidity Meter
Calibration Solutions
Hach Field test kits

Colorimeter + accessories
Glasswear
Additional cells
Ferrous Iron
Manganese
Hydrogen Sulfide
Sulfate
Ammonia
Digital Titrator
Alkalinity
Chloride
Carbon Dioxide

Laboratory Sample Containers/Labels/Chain-of-Custody Forms
Laboratory QAlQC Sample Containers
Cooler with Ice
Groundwater Sampling Forms
Bladder Pump
Bladder Pump Controler
Pump Tubing
6 Port Flow Cell
Purge Water 55-gallon Drums
Gas powered air compressor
Water Level Indicator
Level D PPE
Chevrolet Work Van
Sampling Supplies
Decontamination Equipment
Well Keys
Gas Can

LevelD PPE
Bound Field Book

'6AfG'l!iJ~~@.ll~rerrsil~l!12e:rti1ig_··:.
PVC Slug
Rope
Water level indicator

zworkJproposaVCH2MJEMR work_equip.xIs



Appendix 1 - Equipment List
NIROP Facility - Fridley, Minnesota

EMR Project # 5427-001.1

Hermit data logger/transducer
Decontamination equipment
Well Keys
Slug Test form

* Same Equipment as Well Sampling (Task #5)

9J~:ffiJ:e'~tiQnr9t($'9Y.l?~l1PJ'Q.H~aE~c,iillimaIi'dL1;{ati¥~~~~tli~:Emul~ibij)fJ:.;rrf:'::'{.:t:..·:IK::'4;·.~..:;~:··.~tr;;'f!.j.r':t;;f~;':I~J~t~;;'I;Jii;;' ,;;!';~'iJ

(2) 500-gallon poly tanks
(2) Warren Rupp Sandpiper air diaphragm pumps with 2-inch camcoupler connections
5 HP trash pump with 2-inch diameter camcouplers
185 cfm diesel powered air compressor
Compressed air hose with Chicago connections
Miscellaneous 2-inch diameter suction and discharge hoses with camcoupler connections
4 submersible pumps and associated hoses
Power supply for submersible pumps
3,600 gallons of Soybean Oil
400 pounds of Lecithin
Soybean Oil Storage Vessel
Native Groundwater Storage Vessel
Oil/Water Interface Probes
EMR Vehicle
Level D PPE
Oil Injection Forms

400 pounds of Lecithin

LlmEfs:tQllige.~tT:ran·SP9~~t1()n,~dl'~isp9'~Lpf;~ft1c.~;'::QQ~_®cWIi;;.'aiidipPE·'Wi~f&'s:;R·:[r't,:i:fi~:'!)J.i~;~~E~i~iij;~,.f;t;~!"::~:E:i:

Plastic Lined drums for PPE disposal
6 cubic yard dumpster

\lil~~SfoHt).!e+:itrnns~ortat1'o'·";~andbIDis;';(j's'iH,:O'f(@~n~faiea':Li;:;uids;'ii(FNIR0p!BWTF\"':;f,r/·!]i.ntg:0i'U';,j:,~'4.i11!'i\l(~ljf~!~~;Bt~;L· ,.1L,<._._,-.<~h~jritv"_,.¥_,_,?P:l,__ ,,,__ , ,_,n;., '..'?tJ.' ". _.C,. __ , t.-".,"",_,-..• " .1- ..:1:""1' ' }JI '.. ;' .. ~ ,'_,_,_ ~J~..J. --~~' ...:,-"~~,' ~~.o:o..~~~;l:....;.;~_;4r~.,"_.1.';,:.,.,..,'i.'

Drum Thieves
Laboratory Sample ContainerslLabels/Chain-of-Custody Forms
Cooler with Ice
Sampling Supplies
Waste Disposal Log
Water Storage 55-gallon drums

ii~3Jtij'$iQ}ag~~~~®natiQma'lfaf~'i8P'~s.~J!rQf;fjep:~ra'tea~u.iqUiasf6tmQff:fSit~~fltSt5El5.1.1,,;ri.~'~~.;!I.*;Il~:!~i'.
Laboratory Sample ContainerslLabels/Chain-of-Custody Forms
Cooler with Ice
Sampling Supplies
Oil/Water Storage Tanker
Vaccum Truck

Stainless Steel Hand Auger
Stainless Steel Bowl

zworklproposaIlCH2M1EMR work_equip.xls



Appendix 1 - Equipment List
NIROP Facility - Fridley, Minnesota

EMR Project # 5427-001.1

Stainless Steel Spoon
Laboratory Sample ContainerslLabels/Chain-of-Custody Forms
Cooler with Ice
Sampling Supplies
Waste Disposal Log

[iiS~:;Site:Re·sior3'Uon;'\'FmaFDcfc"Qrr~ati8nt~aIidrt>.errro))ili.ZatiQrr:&'!i~~1~}i~~!~WJ;rT~jf:fu~~'f;;;:~:0r~"1~\~:::;:Sli~~.t:li.~'11'~;

IR 763 Skid Steer Loader
Top soil
Grass Seed
Potable Water
Ford F-150 Pickup
120 Gallon Water Tank

zwork/proposal/CH2M/EMR work_equip.xls



ApPENDIXB

EMR SITE HEALTH AND SAFETY PLAN (HASP)
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EMERGENCY REFERENCES

Key Telephone Numbers

OFF-BASE AMBULANCE

OFF-BASE POLICE

OFF-BASE FIRE

NATIONAL RESPONSE CENTER

POISON CONTROL CENTER

TOXLINE

CHEMTREC

EMR, DULUTH OFFICE

EMR, MINNEAPOLIS OFFICE

CCI PROJECT MANAGER

911 or (651) 222-0555

911 or (763) 427-1212
-
911 or (763) 427-1212

1-800-424-8802

1-800-332-6633

(612) 347-3141

1~301-496-1131

1-800-424-9300

1-888-723-8140

1-877-319-8744

(216) 623-0326 ext. 13

(216) 965-5605 (cell)

Nearest Hospital
Unity Hospita1- 550 Osborn Road North East Fridley, MN 55432
(612) 780-6727 - Emergency Room

Directions to Hospital

Exit Site on to East River Road and proceed in a northerly direction. Continue along East
River Road approximately 3.3 miles to Osborn road and tum right (East). Continue on '
Osborn Road approximately 0.75 miles to Unity Hospital, which will be on the right hand
side of the road. The route to the hospital is shown on Figure A-I.

EMR Representatives

PROJECT MANAGER - Zandra Zwiebel

FIELD SITE MANAGER - Scott Carney



ASSISTANT SITE HEALTH AND SAFETY OFFICER - Scott Carney

DIRECTOR, HEALTH AND SAFETY - Chuck Ferguson

SAMPLING TEAM - Mike Goalen, Tracey Turner, Ryan Zick

Emergency Response Plan

In the event of an emergency, injured parties should not be moved unless there is an
immediate threat to human health. A qualified individual with First Aid and CPR
training shall be on site, and shall give first aid and stabilize any worker needing
assistance. Life support techniques such as cardiopulmonary resuscitation and treatment
of life-threatening problems such as bleeding, airway maintenance, and shock shall be
given top priority. Professional medical assistance shall be obtained at the earliest
possible opportunity. If assistance beyond first aid is required, phone 911 or contact the
Unity Hospital Emergency Room at (612) 780-6727, and request emergency medical
assistance.

If evacuation is necessary because of an immediate threat to human health, then the steps
in Section 7.3 should be followed.
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DISCLAIMERS AND LIMITATIONS ON USE

EMR Inc., ("EMR") developed the following Site Safety and Health Plan (the "SSHP")
for use by EMR personnel and by EMR subcontractors (individually, an "EMR
Contractor" and collectively, "EMR Contractors") in connection with soil and
groundwater investigation, monitoring, and remediation activities designated under the
ACP Pilot-Scale Study (the· "Project") being performed by EMR for CH2M Hill
Constructors, Inc (the "Client") at the Anoka County Riverfront Park (ACP) (the "Site").
Work is being conducted as part ofa 1990 Record of Decision (ROD) involving the U.S.
Naval NIROP Facility (the "Facility") in Fridley, MN. EMR personnel must adhere to
the practices and procedures specified in the SSHP.

Each EMR Contractor must review the SSHP and agree to accept and abide by the SSHP,
subject to any modifications to the SSHP (to address the EMR Contractor's more
stringent practices and procedures) agreed upon in writing by EMR and the EMR
Contractor. The EMR Contractor shall indicate such acceptance by executing a copy of
this notice of disclaimers and limitations on use as indicated below and returning it to
EMR's project manager for the Project prior to its commencing work at the Site.
However, if any EMR Contractor commences work at the Site, the EMR Contractor shall
be deemed to have accepted the SSHP and the terms hereof and the failure to execute and
return to EMR a copy of this notice shall not be relevant to such interpretation.

If a contractor or a person other than the Client, EMR employees and EMR Contractors
(individually, a "Third Party" and collectively, "Third Parties") receives a copy of the
SSHP, such Third Party should not assume that the SSHP is appropriate for the activities
being conducted by the Third Party. NO THIRD PARTY HAS THE RIGHT TO RELY
ON THE SSHP. EACH THIRD PARTY SHOULD ABIDE BY ITS OWN SSHP IN
ACCORDANCE WITH ITS OWN PROFESSIONAL JUDGMENT AND
ESTABLISHED PRACTICES.

EMR shall not be responsible for the implementation of any Third Party's safety
program(s), except to the extent otherwise expressly agreed upon by EMR and a Third
Party in writing. The services performed by EMR for the Client and any right of the
Client and/or an EMR Contractor to rely on the SSHP shall in no way inure to the benefit
of any Third Party, including, but not limited to, employees, agents, or consultants and
subcontractors of EMR Contractors, so as to give rise to any cause of action by such
Third Party against EMR.

The SSHP generated by EMR in connection with the Project is for use on a specific site
and in connection with a specific project. EMR makes no representation or warranty as·
to the suitability of the SSHP for reuse on another site or as to the suitability of the SSHP
for reuse on another project or for modifications made by the CI!ent or a Third Party to
the SSHP.
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EMR Contractors Only

Agreed and Accepted:

Contractor's Name:-----------------
By: _

Title: _

Date: _

Contractor's Name:-----------------
By: _

Title: _

Date: ------------------------
Contractor's Name:-----------------

By: _

Title: _

Date: _

Contractor's Name:-----------------
By: _

Title: _

Date: _
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ACP Pilot-Scale Study Health and Safety Plan
EMR Project #5427-001

1.0 INTRODUCTION

This Site Safety and Health Plan (SSHP) has been developed by EMR Inc., (EMR) to
establish the safety and health procedures required to minimize potential hazards to
personnel who will be involved in ACP Pilot-Scale Study at the ACP and NIROP Facility
located in Fridley. The provisions of this SSHP directly apply to EMR personnel and
contractors, if utilized, who will be potentially exposed to safety and/or health hazards
related to the project. This SSHP does not directly apply to client personnel, although
EMR will advise the client on the safety and health aspects of the work based upon the
guidelines specified in this SSHP.

The procedures in this SSHP have been developed based upon current knowledge
regarding the specific chemical and physical hazards that are known or anticipated for the
operations to be conducted at the Site. This SSHP has been written to comply with the
requirements of EMR safety and health policies. An Activity Hazard Analysis for tasks
taking place on site is also included in the SSHP. It is EMR's policy that activities
covered by this SSHP must be conducted in complete compliance with this SSHP and
with all applicable Federal, State, and local safety and health regulations, including the
Federal/Occupational Safety and Health Administration (OSHA) Construction Industry
Standards in 29 Code of Federal Regulations (CFR) 1910.120. On-site personnel who
cannot, or will not, comply with these requirements will be excluded from project
activities. Prior to the commencement of field activities, all EMR and subcontractor
personnel covered by this SSHP must review this document and return the sign-off form
to the EMR Field Site Manager.

1.1 SITE DESCRIPTION AND HISTORY

This section discusses the general history and physiography of the Site. Site location and
land use are described, hazardous chemicals associated with site activities and known
releases are identified, and general site characteristics are presented.

1.1.1 Location
The NIROP Facility and ACP are located in Fridley, Minnesota in the southern most tip
of Anoka County, just east of the Mississippi River. The NIROP Facility is
approximately 1,000 feet east of the Mississippi River and less than one mile south of
Interstate 694. The NIROP Facility covers 138 acres, ofwhich 83 acres are government
owned while the remaining 55 acres are owned by United Defense Limited Partnership.

Located between East River Road and the Mississippi River is the ACP. The ACP is a
day-use recreational facility on the river's edge. ACP consists of approximately 60 acres.
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1.2 PRIOR INVESTIGATIONS

The Record of Decision (ROD) for groundwater remediation at the NIROP Fridley site
was signed in September 1990 by representatives of the U.S. Navy (Navy), the United
States Environmental Protection Agency - Region V (USEPA), and the Minnesota
Pollution Control Agency (MPCA). The ROD specified hydraulic containment and
recovery of all future migration of groundwater from the NIROP facility and the
recovery, to the extent feasible, of contamination downgradient of the NIROP Facility.
To achieve this, groundwater extraction wells were installed. The initial extraction
system began operating in September 1992. Two additional extraction wells were
constructed and placed into operation in June 1995. Another upgrade of the extraction
system was completed in June 2001.

Treatment of extracted groundwater involved a two-phased plan: Phase 1 involved
discharging groundwater from the extraction system to an existing sanitary sewer with
treatment provided at a local wastewater treatment facility; Phase II involved construction
and operation of a groundwater treatment facility to provide long-term groundwater
treatment. Groundwater treated by the Phase II treatment system is being discharged to
the Mississippi River via a National Pollutant Discharge Elimination System
(NPDES)/Metropolitan Council Environmental Services (MCES) State Disposal System
(SDS) storm sewer discharge permit. The Phase II treatment system began operating in
December 1998. Under Phase II, the combined discharge from the extraction system is
fed through a feed system and air stripping units for treatment before the effluent is
discharged to the Mississippi River through outfall 020 (NPDES/SDS Permit
MN0000710).

At the time of the ROD, it was planned that contaminated groundwater located off-site
and downgradient of the Facility in ACP would be naturally dissipated. Under a five-year
review of the Operable Unit 1 (OU-l) groundwater extraction system in September 1998,
it was recommended that the Navy determine what can be done to significantly reduce
residual groundwater contamination in ACP.

1.3 INVESTIGATION WORK PLAN

The scope ofwork consists of the following work activities:

• Installation of 3 vegetable oil injection wells, 9 groundwater monitoring wells,
and 3 contingency monitoring wells;

• Baseline (i.e., pre~injection) sampling of groundwater at the newly installed
injection wells, groundwater monitoring wells, contingency monitoring wells,
and existing wells MS-46S, 27S, and MS-47S;

• Pre-injection aquifer testing (hydraulic conductivity) of the 3 injection wells
and 6 monitoring wells;
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• Plumbing of the injection wells and injection of approximately 3,600 gallons
of food-grade vegetable oil mixed with approximately 7,200 gallons of a
water/emulsifier solution (estimated 3,600 gallons per well);

• Post-injection aquifer testing (hydraulic conductivity) of the previously-tested
3 injection wells;

• Surveying of the newly installed injection and monitoring wells;

• Post-injection sampling of groundwater and vegetable oil (if present) at the
newly installed monitoring and injection wells at 2, 5, 8, and 12 months after
injection; and

• Post-injection sampling of groundwater and vegetable oil (if present) at the
newly installed monitoring and injection wells at 16, 20, and 24 months after
injection.
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ACP Pilot-Scale Study Health and Safety Plan
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2.0 KEY PERSONNEL

The organization and responsibilities for implementing safe project activities, and more
specifically the requirements contained in this SSHP, are discussed in this section.

The key personnel for this project are:

• Field Site Manager - Scott Carney

• Project Manager/ Principal Geologist - Zandy Zwiebel

• Designated Safety Coordinator - Scott Carney

• Director, Internal Safety and Health - Chuck Ferguson

• Sampling Team -Mike Goalen, Tracey Turner, Ryan Zick

2.1 PROJECT MANAGER

The EMR Project Manager is, by designation, the individual who has the primary
responsibility for ensuring the overall safety and health of field personnel working on this
project. The Project Manager, therefore, has the primary responsibility for ensuring the
implementation of the requirements of this SSHP. The Project Manager's specific
responsibilities include:

• Ensuring that all project personnel have received a copy of and have read this
SSHP and have completed the SSHP signature sheet;

• Ensuring that sufficient personal protective equipment (PPE), as required by
this SSHP, is available during the project;

• Obtaining all subcontractor documentation of employee participation in a
medical monitoring and training program;

• Maintaining a high level of safety and health consciousness among employees
at the facility;

• Maintaining regular communications with the site Designated Safety
Coordinator (DSC) and, if necessary to resolve safety and health conflicts, the
Director, Internal Safety and Health (DISH); and

• Requiring the attendance of all site personnel to a tailgate briefing organized
by the DSC, apprising them of the contents of this SSHP and specific hazards
identified to be present at the facility prior to perfonning work.
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2.2 DESIGNATED SAFETY COORDINATOR

The appointed DSC will be a member of the EMR project field team. The DSC
responsibilities include enforcing the requirements of this SSHP once work begins. By
design, the DSC has the authority to immediately correct all situations where
noncompliance with this SSHP is noted and to immediately stop work in cases where an
immediate danger is perceived. The DSC's specific responsibilities include:

•

•

•

•

•

•

•

•

Procuring and distributing the PPE and air monitoring instrumentation needed
for the project;

Verifying that all PPE and safety and health equipment is in good working
order;

Setting up and maintenance of the personnel decontamination facility;

Conducting a daily health and safety meeting prior to the start of work;

Controlling site entry of unauthorized personnel;

Supervising and monitoring the safety performance of all personnel to ensure
that required safety and health procedures are followed, and correcting any
deficiencies;

Conducting accident/incident investigations and prepanng investigation
reports; and

Initiating emergency response procedures.

2.3 DIRECTOR, INTERNAL SAFETY AND HEALTH

EMR's DISH is the individual responsible for the preparation, interpretation, and
modification of this SSHP. Modifications to this SSHP which may result in less stringent
precautions cannot be undertaken by the Project Manager or the DSC without the
approval of the DISH. Specific responsibilities of the DISH include:

•

•

•

•

Advising the Project Manager and DSC on matters relating to safety and
health on this project;

Recommending appropriate PPE and air monitoring instrumentation to protect,
personnel from potential hazards present on site;

Performing field audits, when necessary, to monitor t~e effectiveness of the
SSHP and to ensure compliance with it;

Conducting' or directing personal exposure monitoring where required and
where deemed necessary to determine the adequacy of protective measures
and PPE specified by this SSHP; .
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• Maintaining, contact with the Project Manager to regularly evaluate project
conditions and new infonnation which might require modification to this
SSHP;

• Working with the Project Manager to ensure that sufficient PPE is available at
the site; and

• Conducting briefing meetings, when necessary, to apprise personnel of the
contents of this SSHP and the project hazards.

2.4 FIELD PERSONNEL

All field and subcontractor personnel are responsible for following the safety and health
procedures specified in this SSHP and for perfonning their work in a safe and responsible
manner. Specific requirements include:

• Obtaining a copy of this SSHP and reading it, in its entirety, prior to the start
of field activities;

• Signing the Safety and Health Signature Sheet acknowledging receipt and
understanding of this SSHP;

• Providing current medical and OSHA training certificates to the DSC;

• Bringing forth any questions or concerns regarding the content of the SSHP to
the DSC, Project Manager, or DISH prior to the start ofwork;

• Reporting accidents/incidents and the presence of potentially hazardous
working situations to the DSC and Project Manager; and

• Complying with the requests of the appointed DSC.
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3.0 PARTICIPANT QUALIFICATIONS

3.1 TRAINING REQUIREMENTS

All EMR personnel working on the Site soil and groundwater investigation, monitoring,
and remediation activities will have completed an extensive training course and have
previously worked at least three days at a hazardous waste site. The training course must
be designed to meet the requirements of 29 CFR 1920.120. The training course must
consist of a combination of 40 hours of classroom and field exercises plus an annual 8­
hour refresher.

All site participants will be required to show proof of current training (less than one year
since initial or refresher training) prior to field activities. Intended participants without
current training documentation will be barred from site activities.

3.2 MEDICAL SURVEILLANCE

All on-site personnel, subcontractors, and visitors will be required to have a written
statement from a licensed physician stating they have had a medical examination which
meets the requirements of 29 CFR 1910.120. This examination must include pulmonary
function testing as well as certification by the physician of the employee's ability to wear
a negative-pressure respirator and perform strenuous work. If a person sustains an injury
or contracts an illness related to work on site that results in lost work time, he/she must
obtain written approval from a physician to regain access to the site.

3.3 RECORD KEEPING

Air monitoring via industrial hygiene monitoring or direct reading instrumentation will
become part of the written record. Both medical and air monitoring data will be retained
for 30 years. Training records shall be maintained in project files and are available for
inspection at any time. A copy of current training records for all participants working on
the Site will be kept on file at the field trailer. Subcontractor training and medical
surveillance certification will also be maintained in project files.

3.4 TAILGATE MEETINGS

An initial tailgate meeting will be held to ensure that all field personnel meet the training
and medical surveillance requirements for this project, and to review the procedures for
the safety and health program. Daily tailgate meetings will be heJd prior to starting each
day's work to discuss safety and health procedures for the specific tasks to be completed
during that day.
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4.0 HAZARD EVALUATION

This section summarizes chemical and physical hazards known or suspected at the Site.

4.1 CHEMICAL HAZARDS

Sited on previous data collected from groundwater beneath the Site and adjacent areas,
the largest confirmed chemical hazard of concern at the Site is trichloroethylene (TCE).
In addition, for the purpose of this document it is assumed that the decay products (1,2­
dichloroethylene and vinyl chloride) of TCE are also present. These chemicals may exist
in soil and/or groundwater.

In addition to those compounds potentially encountered during the site investigation, the
following chemicals are anticipated to be used and stored at the site and will be stored in
following locations:

CHEMICAL PURPOSE STORAGE LOCATION

Methanol Sample Preservation Individual Sample Contained
Project Trailer

Dilute Hydrochloric Acid Sample Preservation Individual Sample Container/
Project Trailer

Nitric Acid Sample Preservation Individual Sample Container/
Project Trailer

Sulfuric Acid Sample Preservation Individual Sample Container/
Project Trailer

Sodium Hydroxide Sample Preservation Individual Sample Containers
Alconox Decontamination Detergent Field Vehicles
Gasoline Equipment Fueling Equipment Storage Trailer
Diesel Fuel Equipment Fueling Equipment Storage Trailer
Silver Chloride Instrument Reference Field Vehicle

Solution
Isobutylene OYM Calibration Gas Equipment Storage Trailer
Isopropyl Alcohol Decontamination Solution . Equipment Storage Trailer

A Hazard Communication program will be maintained on-site at the project trailer. The
Hazard Communication Program will contain MSDS sheets for all chemicals that are
anticipated to be encountered during the investigation and for all chemicals to be used at
the site. .

The following sections describe potential health hazards associated with exposure to each
of the contaminants ofconcern at the site.
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4.1.1 Chlorinated Compounds
A summary of the hazards of the identified compounds of concern are listed separately
below, additive effects of the mixture will be taken into consideration when determining
established action levels.

Trichloroethylene is a colorless liquid with a chloroform-like odor and is a potential
carcinogen. The main routes of exposure are inhalation, absorption, ingestion, and skin
and eye contact. The OSHA time weighted average (TWA) is 100 ppm, and the
concentration at which there is an immediate danger to life and health (IDLH) is 1,000
ppm. The primary target organs are the eyes, skin and respiratory system. Exposed skin
should be washed promptly with soap and water, and eyes should be flushed immediately
with eyewash solution. for a minimum of 15 minutes. Ingestion warrants immediate
medical attention.

1,2-dichloroethylene is a colorless liquid with a slightly acrid, chloroform-like odor. The
OSHA TWA is 200 ppm and the IDLH concentration is 1,000 ppm. The main routes of
exposure are inhalation, ingestion, and skin and eye contact. The primary target organs
are the eyes and respiratory and central nervous systems.

Vinyl chloride is a colorless gas or liquid (below 7° F) with a pleasant odor at high
concentrations and is a potential carcinogen. The OSHA TWA is 1 ppm, and the IDLH
concentration has not been determined. The main routes of exposure are inhalation and
skin and eye contact, and target organs include the liver and central nervous system.
Exposed skin should be washed promptly with soap and water, and eyes should be
flushed immediately with eyewash solution for a minimum of 15 minutes. Ingestion
warrants immediate medical attention.

4.2 PHYSICAL HAzARDS

Physical hazards associated with site activities include slips, trips, falls, contact and
crushing type injuries, eye abrasions, contusions, lacerations, flammability, and
temperature stress concerns. The potential for such hazards necessitates the use of
gloves, safety shoes or boots, safety glasses with side shields, and hard hats.
Additionally, personnel engaged in strenuous physical labor are to wear sturdy work
gloves. "

4.2.1 Use of Equipment
Any equipment, including vehicles, winches or other machinery will be operated in strict
compliance with the manufacturer's instructions, specifications, and limitations as well as
any applicable regulations. The operator is responsible for inspecting the equipment"·
daily to ensure that it is functioning properly and safely. This inspection will include all
pins, pulleys, and connections subject to faster than ~ormal wear and all lubrication
points.

When equipment with moving booms, arms, or masts are operated in the vicinity of
overhead hazards, the operator, with assistance from the designated signaling person, will
ensure that the moving parts of the equipment maintain safe clearances.to the hazards.
Equipment will be kept at least 20 feet away from energized electrical lines.
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All portable equipment and tools will be inspected prior to each day's use and as often as
necessary to ensure that it is safe to use. Defective equipment and tools will be removed
from service immediately. Examples of defective tools include:

• Hooks and chains stretched beyond allowable deformations;

• Cables and ropes with more than the allowable number ofbroken strands;

• Missing grounding prongs on power tools,

• Defective on/off switches;

• Mushroomed heads of impact tools;

• Sprung wrench jaws; and

• Missing or broken handles or guards as well as wooden handles which are
cracked, splintered, or loose.

• All equipment and tools will be used within their rated capacities and
capabilities.

4.2.2 Flammability Hazards
Due to the nature of this project, the hazards associated with flammability are expected to
be low. However, the following good management practices shall apply at the site.

All electrical equipment used during the project will be inspected to ensure that it is in
good repair and has no frayed or loose connections before use on site. Only approved,
listed equipment and components will be used. All connections will be made in
accordance with National Electric Code practices. All equipment and devices so
designed will be properly grounded or bonded to an adequate grounding mechanism.
Although explosive limits are not expected, only equipment listed as explosion proof will
be used in areas where explosivity is sustained at or above 5 percent of the lower
explosive limit.

4.2.3 Heat Stress Concerns
Heat stress is the combination of both environmental and physical work factors that
contribute to the total heat load imposed on the body. Environmental factors that
contribute to heat stress include air temperature, radiant heat exchange, air movement,
and humidity. Although conditions that induce heat stress are not anticipated for this
project, the following discussion is included. .

The body's response to heat stress is reflected in the degree of symptoms. When the
stress is excessive for the exposed individual, a feeling of discomfort or distress may
result and a heat-related disorder may ensue. The severity of the response will depend
not only on the magnitude of the prevailing stress, but also on the age, physical fitness,
degree of acclimatization, and dehydration of the worker. .
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Heat stress is a general tenn used to describe one or more of the following heat-related
disabilities and illnesses.

Heat Cramps. Painful, intennittent spasms of the voluntary muscles following hard
physical work in a hot environment. Cramps usually occur after heavy sweating and
often begin at the end of a work shift.

Heat Exhaustion. Profuse sweating, weakness, rapid pulse, dizziness, nausea, and
headache. The skin is cool and sometimes pale and clammy with sweat. Body
temperature is nonnal or subnonnal. Nausea, vomiting, and unconsciousness may occur.

Heat Stroke. Sweating is diminished or absent. The skin is hot, dry, and flushed.
Increased body temperature, if uncontrolled, may lead to delirium, convulsions, coma,
and even death. Medical attention is needed immediately.

Workers will be trained on the signs and symptoms of the fonns of heat stress and will be
encouraged to monitor themselves and others. In addition, experience has shown that the
following work/rest regimen is appropriate for field workers perfonning various degrees
of work while wearing Level D (no protective clothing). All values are given in °C Wet
Bulb Globe Temperature (WBGT):

Continuous Work

75% work/25%

rest each hour

50% work/50%

rest each hour

25% work/75%

rest each hour

30.0

30.6

31.4

32.2

26.7

28.0

29.4

31.1

25.0

25.9

27.9

30.0

WBGT is defined according to the following fonnula (outdoors with solar load) where
WB, GT, and DB are the wet bulb, globe, and dry bulb temperatures, respectively:

WBGT = 0.7WB + 0.2GT + O.IDB

The workload classes are defined in The American Conference of Governmental
Industrial Hygienists booklet, "Threshold Limit Values and Biological Exposure Indices
for 1991-1992."
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4.2.4 Cold Stress Concerns
Fatal exposures to cold among workers have almost always resulted from accidental
exposures involving failure to escape from low environmental air temperatures or from
immersion in low temperature water. Cold stress (hypothermia) and cold injury can be
avoided by preventing a fall in the deep core temperature ofthe body.

Symptoms of hypothermia include increases in metabolic rate in an attempt to
compensate for the heat loss and shivering. Workers should be protected from exposure
to cold so that the deep core temperature does not fall below 36°C (96.8°F). Lower body
temperatures can result in reduced mental alertness, reduction in rational decision­
making, or loss ofconsciousness with the threat of fatal consequences.

Pain in the extremities may be the first early warning of danger to cold stress. During
exposure to cold, maximum severe shivering develops when the body's temperature has
fallen to 35°C (95°F). Exposure to cold shall be immediately terminated for any worker
when severe shivering becomes evident.

The body must be protected from exposure to cold air temperatures via whole body
protection:

• Adequate-insulating clothing must be provided to workers if work IS

performed in air temperatures below 40°F.

• Older workers or workers with circulatory problems must be provided with
extra insulating clothing and/or a reduction in the duration of exposure.

• Gloves shall be used by all workers if the air temperature falls below 40°F.

To prevent frostbite, workers should wear insulating gloves when contact with cold
surfaces below 20°F is possible. Mittens are required if the air temperature falls below
O°F.

If insulating clothing is not adequate to prevent sensations of excessive cold or frostbite,
auxiliary heaters or suspension ofwork is required. .
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5.0 EXPOSURE MONITORING PLAN

5.1 AREA AND PERSONAL MONITORING

Air monitoring will be conducted to determine the presence of on-site hazardous
conditions and will help determine the level of personal protection required for personnel.
Environmental monitoring equipment will include a photoionization detector (Pill) or a
flame ionization detector (Fill) and a combustible gas indicator (CGI) with oxygen
meter. Characterization with these instruments will determine airborne contaminants
present and their concentrations in the workplace and will help assess worker safety.

5.1.1 General Area Monitoring
Area air monitoring will be conducted during all fieldwork. The intent is to utilize
generic field instruments and action levels to assess the continuous exposure to field
personnel during the investigation and upgrade or downgrade PPE in response to the
monitoring. The general monitoring shall consist of daily breathing zone monitoring
every 15 minutes using the Pill or Fill and CGI. A dragger tub will be used to monitor
for vinyl chloride if there is reason to believe the compound may exist at targeted
locations of subsurface drilling. During the groundwater sampling program, upon
unlocking each monitoring well, the well headspace will be monitored using a Pill or
Fill. Daily calibration and maintenance of the Pill or Fill will also be recorded and
performed according to the manufacturer's recommendations. All breathing zone
readings will be recorded in the field log book.

5.2 ACTION LEVELS

The DSC will establish daily background total organic vapor (TOV) levels prior to
initiating site activities. Under most circumstances, this level can be determined by
taking multiple readings at representative locations along the perimeter of the site and
averaging the results of sustained measurements.

Decisions to upgrade or downgrade personal protection will be based on sustained
breathing zone TOV levels that exceed background levels. Breathing zone refers to the
area from the top of the shoulders to the top of the head. Specific criteria for upgrading
or downgrading personal protection based on TOV levels is presented in the following
table.
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!~hi~t:aih~¢13r~~thiI1g> '
Zone'TOV' ' ,

Background + 1 ppm

<1 ppm

If it is determined through targeted sampling that vinyl chloride is not a compound of
concern (historical analytical data supports this) for the Site, the action level may be
raised to above 1 ppm.
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6.0 GENERAL SAFE WORK PROCEDURES

6.1 PERSONAL PROTECTION

In addition to the respiratory protection described above, initial protection shall also
include Tyvek, hard hats, eye protection, both inner and outer layer of gloves, and safety
boots. It is expected that the highest level. of protection which may be needed during
field investigation activities will be Level C. Level C protection consists of the
following:

• Level C protection (required by all site personnel outside of those conducting
strictly office work) consists of:

Full-length shirt and long pants;

Steel-toed boots or safety shoes;

Safety glasses with side shields; and

Hardhat.

• Air-purifying respirator equipped with appropriate filter cartridges;

• Chemical resistant clothing (i.e., Tyvek, polycoated Tyvek or Saranax Suits).
Suits are to be one-piece with attached hoods and elastic wrist bands;

• Outer chemical resistant gloves and inner latex surgical gloves (polyvinyl
Alcohol gloves are recommended for the exterior layer); and

• Chemical resistant over boots.

6.2 WORK ZONES AND DECONTAMINATION PROCEDURES

Work zones and decontamination procedures will be established in accordance with
guidance provided in Chapters 9 and 10 of the NIOSHIOSHAlUSCGIUSEPA document
Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities.
Where applicable, the exclusion zones will be marked wIth yellow caution tape. The ..
location of the zones may be modified to fit applicable field conditions; however,
proposed modifications must be approved by the HSO.

If necessary, a minimum two-basin wash/rinse station will be placed in the
contamination/reduction zone to facilitate cleaning and removal of PPE. The two
wash/rinse stations will be used by workers to clean and rinse boots and gloves. The
basins will be placed in a prefabricated containment berm constructed of a chemically
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resistant material. The floor of the berm will be equipped with a skid-resistant mat. A
drum or other container will be designated to dispose ofPPE that will not be reused.

It is expected that the highest level of protection used during project investigation
activities will be Level C. Sited on the level of expected exposure to chemical
constituents, the following decontamination protocol will be used:

• Station 1: Equipment Drop - Deposit equipment used on site (e.g., tools,
sampling devices and containers, monitoring instruments, radios, and
clipboards) on plastic drop cloths. Segregation at the drop reduces the
probability of cross-contamination. During hot weather operations, a cool
down station may be set up within this area.

• Station 2: Outer Garment, Boots, and Gloves Wash and Rinse - Scrub outer
boots and gloves, and splash suit with decontaminating solution or detergent
water. Rinse off using copious amounts ofwater.

• Station 3: Outer Boot and Glove Removal - Remove outer boots and gloves.
Deposit in container with plastic liner.

• Station 4: Canister or Mask Change - If worker leaves exclusion zone to
change canister (or mask), this is the last step in the decontamination
procedure. Worker's canister is exchanged, new outer gloves and boot covers
are donned, joints are taped, and worker returns to duty.

• Station 5: Boots, Gloves, and Outer Garment Removal - Boots, chemical­
resistant splash suit, and inner gloves are removed and deposited in separate
containers lined with plastic.

• Station 6: Face Piece Removal- Face piece is removed. Avoid touching face
with fmgers. Face piece is deposited on plastic sheet.

• Station 7: Field Wash - Hands and face are thoroughly washed. Shower if
body contamination is suspected.

All personnel must follow the appropriate order for cleansing and removal during
decontamination: boots, outer gloves, coveralls or protective suit, respirators, and inner
gloves. Direct contact with contaminated PPE can be avoided by a proper
decontamination sequence. Respirators, if used, are not to be removed before leaving the
contaminated area to avoid a potential inhalation hazard during decontamination.

Water, soap, and paper towels will be available for cleaning of hands and face before
breaks, eating, drinking, or smoking. On-site toilet facilities will-also be available.
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6.3 GENERAL SAFETY RULES

In addition to the specific requirements of this SSHP, common sense should prevail at all
times. The following general safety rules and practices will be in effect at the site.

• The site will be suitably marked or barricaded as necessary to prevent
unauthorized visitors, but will not hinder emergency services, if needed.

• All open holes, excavations, trenches, and obstacles will be properly
barricaded in accordance with local site needs. These needs will be
determined by proximity to traffic ways, both pedestrian and vehicular, and
site of the hole, trench, or obstacle. Ifholes are required to be left open during
nonworking hours, they will be adequately decked over or barricaded and
sufficiently lighted.

• Prior to conducting any digging or boring operations, underground utility
locations will be identified. The site representative and local utility authorities
(or Underground Alert) will be contacted to provide locations of underground
utility lines and product piping. All boring, excavation, and other site work
will be planned and performed with consideration for underground lines.

• Smoking and ignition sources in the vicinity of flammable or contaminated
material are prohibited. Designated smoking areas will be delineated.

• Drilling, boring, movement and use of cranes and drilling rigs, erection of
towers, movement of vehicles, and equipment as well as other activities will
be planned and performed with consideration for the location, height, and
relative position of aboveground utilities and fixtures, including signs, lights,
canopies, buildings, other structures, and construction as well as natural
features such as trees, boulders, bodies of water, and terrain. The additional
procedures for drilling and heavy equipment safety included in Attachment B­
2 were taken from Bergerson-Caswell's Safety and Policy Manual, revised
January 7, 1994.

• When working in areas where flammable vapors may be present, particular
care must be exercised with tools and equipment that may be sources of
ignition. All tools and equipment so provided must be properly bonded and/or
grounded.

• Individuals with beards that interfere with respirator fit are not allowed within '.
the exclusion zone. This is necessary because all site personnel may be called
upon to use respirator protection in some situations, and beards do not allow
for proper respirator fit.

• No smoking, eating, or drinking will be allowed in the contaminated areas.

• Tools and hands must be kept away from the face.
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• Personnel must shower at the end of the shift or as soon as possible after
leaving the site.

• Each sample must be treated and handled as though it were extremely toxic.

• Do not touch obvious contaminated materials. Avoiding contact with these
materials will facilitate decontamination.

• Persons with long hair and/or loose-fitting clothing that could become
entangled in power equipment are not permitted in the work area.

• Horseplay is prohibited in the work area. The DSC has the authority to
discharge site personnel for horseplay.

• Work while under the influence of intoxicants, narcotics, or controlled
substances is prohibited.

Prior to the commencement of each day's activities, the HSO will conduct a daily tailgate
safety meeting outlining new or potential hazards that may be encountered during site
operations. The daily tailgate safety meetings will be documented by completion of the
appropriate form located in Attachment B-1 to this document.

6-4



ACP Pilot-Scale Study Health and Safety Plan
EMR Project #5427-001

7.0 EMERGENCY RESPONSE/ACCIDENT
INVESTIGATION

The phone numbers of the police and fire departments, ambulance services, local
hospital, and EMR representatives are provided in the reference sheet at the back of this
SSHP. Directions to the hospital are also provided on the sheet.

In the event of a health or safety emergency at the site, appropriate emergency measures
will immediately be taken to assist those who have been injured or exposed and to protect
others from hazards. The HSO will be immediately notified and will respond according
to the seriousness of the injury. Personnel trained in first aid will be present during site
activities to provide appropriate treatment of injuries or illnesses incurred during
operations. The EMR Project Manager will be immediately informed of any serious
mJunes.

Any accident/incident resulting in an OSHA recordable injury or illness, treatment at a
hospital or physician's office, property damage or a near miss accident requires that an
accident/incident report be completed and submitted to the EMR DISH. The
investigation will be initiated as soon as emergency conditions are under control. The
purpose of this investigation is not to attribute blame but to determine the pertinent facts
so that repeat or similar occurrences can be avoided.

7.1 PLANNING

Prior to facility entrance, the DSC shall plan emergency actions and discuss them with
personnel conducting project work. Initial planning includes establishing the best means
for evacuation from the area in case of a catastrophe.

7.2 EMERGENCY SERVICES

A tested system must exist for rapid and clear distress communications, preferably voice,
from all personnel to the DSC. The DSC shall ensure that all personnel working at the
facility know how to communicate with the appropriate local emergency response units
as well as provide adequate and clear directions between work locations and the locations
of support personnel, prior to commencing any facility, investigation or operations.
Emergency response contacts and telephone numbers are included in the emergency·
reference sheet. A copy of this information must be posted in a visible location at the
project site before operations commence.

7.3 GENERAL EVACUATION PLAN

In case of fire, explosion, or toxic vapor release, and a site evacuation is ordered by the
DSC, the following procedures will apply:
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• Announce the evacuation via radio/hom;

• Evaluate the immediate situation and downwind direction. All personnel will
evacuate in the upwind direction;

• All personnel will assemble in an upwind area when the situation permits and
ahead count will be taken by the DSC; and

• Determine the extent of the problem and dispatch response teams in protective
clothing and self-contained breathing apparatus
on-site to evaluate any missing personnel and correct the problem.

7.4 FIRST AID

There will be two First Aid and CPR trained responders on the Site at all times.
Qualified personnel designated daily during the tailgate safety meeting shall give first aid
and stabilize any worker needing assistance. Life support techniques such. as
cardiopulmonary resuscitation and treatment of life-threatening problems such as
bleeding, airway maintenance, and shock shall be given top priority. Professional
medical assistance shall be obtained at the earliest possible opportunity. If assistance
beyond first aid is required, phone 911 or contact the Unity Hospital Emergency Room at
(612) 780-6727, and request emergency medical assistance.

A first aid kit and emergency 16-ounce eye wash station shall be maintained readily
accessible to all workers. The portable eyewash shall be supplemented by a nearby
continuous-flowing eyewash facility. Prior arrangements must be made to facilitate easy
access (preferably within 10 seconds of the work area) to this continuous-flowing device.

Emergency first aid for organic compounds follows below.

7.4.1 Eyes
Flush eyes immediately with fresh water for at least 15 minutes while holding the eyelids
open. If injury occurs or irritation persists, transport person to emergency room as soon
as possible.

7.4.2 Skin
Wash skin thoroughly with soap and water. See a doctor if any unusual signs or
symptoms or skin irritation occurs. Launder chemically impacted clothing.

7.4.3 Inhalation
'.

Move exposed person to fresh air. If breathing has stopped, apply artificial respiration.
Call 911 immediately.

7.4.4 Ingestion
If swallowed, DO NOT make person vomit. Call Poison Control Center immediately.
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7.5 FIRE PROTECTION AND RESPONSE

To ensure that fire and explosion hazards are minimized, plans and procedures must be
coordinated with the local Fire Department. A permit may be required before gasoline or
other flammable liquids may be removed. Call 911 or (763) 427-1212 in the event of any
fire at a work location. A minimum of one fire extinguisher with a minimum class rating
of20BC shall be provided within 50 feet ofthe site activities.

7.6 SITE CONTROL MEASURES

The site control measures listed below are to be followed to minimize the potential
contamination of workers, protect the public form potential site hazards, and control site
access.

Barricades and barricade tape will be used to delineate an exclusion zone around drilling
areas. An opening in the barricades upwind of the equipment will serve as an entry and
exit point. A personnel decontamination station will be established at this point. All
access to the drilling location will be made at the entry and exit point.

The site will be barricaded or otherwise made secure at the end of each workday. Soils
will be segregated and drummed and hauled to the staging area. Decontamination fluids
will be drummed, properly labeled, and hauled to the staging area.

The DSC will log all site visitors in the field notebook and will ensure that all personnel
entering the work zone are briefed on site activities and potential hazards.

7.7 SITE OPERATION ZONES

The following three Site Operation Zones will be established at each investigation site:

• Exclusion zone;

• Contamination reduction zone; and

• Support zone.

The exclusion zone includes areas of active investigation or cleanup. Prescribed levels of
protection must be worn by all personnel within the exclusion zone. The boundary of the
exclusion zone should be a well-defined physical or geographical barrier.

The contamination reduction zone serves to prevent the transfer of hazardous materials
picked up on personnel or equipment in the exclusion zone.

- .

The support zone is the outermost area and is considered a non-contaminated area.· The
field operations command post, first aid station, and any other investigation support
activities are located in the support zone. Potentially contaminated equipment is not
allowed in this area.
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7.8 EMERGENCY OPERATION SHUTDOWN PROCEDURES

In the event an extremely hazardous situation develops on Site, the DSC may temporarily
suspend operations until the situation is corrected or controlled. The DSC will have the
authority to restart operations when the situation has been corrected and safe working
conditions have been restored.

7.9 SPILL OR HAZARDOUS MATERIAL RELEASE

Spills or hazardous material releases resulting in human exposure or off-site
environmental contamination are reported to the appropriate authorities by the DSC.
Small spills are reported to the DSC and are taken care of per the chemical manufactures'
recommended procedures.

7.10 COMMUNITY SAFETY

Release or off-site migration of contaminants during field operations is unlikely.
However, in the event of a significant release of contaminants during field work, the
proper state and local authorities will be immediately notified. Appropriate actions will
be taken to protect the public and control the contaminant release or migration.
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ATTACHMENT B-1

SAFETY AND HEALTH FORMS



Signature Page

The following signatures indicate that the Safety and Health Program has been read and
accepted by EMR management and personnel as well as all contractors and
subcontractors and their personnel.

NAME TITLE COMPANY SIGNATURE DATE



SUPERVISOR'S ACCIDENTIINCIDENT INVESTIGATION REPORT

Injured Employee: Title:

Date of Accident/Incident: Dept.:

Location: Time on this Job:

Engaged in what work when injured:

Nature of accident/incident:

How did accident/incident occur?

What can be done to prevent recurrence of the accident?

What has been done to prevent recurrence of the accident?

Supervisor's Signature: Dept.: Date:

Reviewer's Signature: Dept.: Date:

NOTE: To be submitted to the Safety and Health Manager within 2 days of the
accident/incident.



EMR DAILY TAILGATE SAFETY MEETING FORM

DATE: TIME:
PROJECT NAME:
SPECIFIC LOCATION:
TYPE OF WORK:
CHEMICALS PRESENT:

JOB NUMBER:

SAFETY TOPICS DISCUSSED

Protective Clothing/Equipment:

Hazards ofChemicals Present:

Physical Hazards:

Emergency Procedures:

HospitaVClinic:
Hospital Address:

Special Hazards:

Other Topics:

Name (printed)

Phone:

ATTENDEES

Paramedics:

Signature



ATTACHMENT B-2

DRILLING SAFETY PROCEDURES



8. BANDTOOLSAFETY

Five ways to prevent band tool injury:

A. Use of right tool.

B. Use a toOl in good condition.

C. Use a 1001 in the right way.

D. Keep tools in a safe place.

B. Keep tools properly mainlaincd.

9. POWER TOOL SAFETY

A. All power tools must be operated with guards in place unless tagged otherwise and
approved by management.

B. All power tools under repair wUl be tagged and locked out.

C. Keep tools properly maintained and report all defects.

10. LIFI'ING

The key (0 proper .lifting is to bend your knees, but not your back, so that you let the more
powerful leg muscles do the work. It's a simple technique. but it makes lifting easier and
reduces the pOSSibility of severe back strain.

Here is a fact that proves the point. When you bend your back and lift. there is almost
five times more force acting on your lower back than is exerted when you lift the same
object by bending your mes and -lifting with your legs" .

Seven Points of Safe Lifting:

A. Get the center of the wetgbt as hiah above the ground as possible. (Stand it up if it is a
box)

B. ~t the object as close as possible to the supporting column. (Your backbone)

C. Position your legs and feet firmly with your back as nearly vertical as possible.

D. Lift with me arms tirst, and foil the object Onto your knee.

E. PuJl the object as close to you as possible.
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F. Stand up with the load, using the legs, thus placing little or no strain on me back.

G. Now lUtJl your feet. not your hips or shoulders. if your assignment requires turning.

11. PERSONAL PROTECI'IVE EQUIPMENT

If your work exposes you to p<Xentla1 hazards, Bergerson-caswell, Inc. will make
available appropriare equipment for yo~ personal protection. Protective equipment used
includes such items as safety glasses, goggles, hearing protection, gloves, and dust masks.

Your department safety rules will make available, and dictate when and what type of safety
equipment must be worn. The company will provide special protection (tyvee, nitrile,
aloves, etc.) for on sites requiring such anicles. It is the employee's responsibility to
provide every day protection such as gloves. coveralls. etc.

Hard hats and hearing protection are supplled by the company upon hiring, however
proper care is the employee I s responsibility. Return broken or worn out safety equipment
to your supervisor for replacement before you need to use it. Each employee will be
charged for lost equipment. You must take reasonable care of your protective equipment
and usc it only for the purpose intended.

HARD HATS: Must be worn by everyone worldnK under overhead loads and around or
near any unit with a mast or boom.

GOGGLES OR FACESHlELDS: Must always be worn wben grinding, using power
brush. and when using torches for cutting or welding.

FLOOR STANDS: It is forbidden for anybody to crawl under any vehicle beld up only by
a hydraulic jack. Use floor stands or properly placed blocldng,

DRII.l. PRESS: All work muse be clamped to the table. Operator to have one hand on
switch and the other hand on the feed controL

ELECTRICAL: These hazard!; are frequently ignored. 'Example: Never use any metal
(001 (even those with insulated handles) without (trSt mming off the power and testing
(with voltage meter).

COLD CmSELS & BULL POINTS; Do DOt use any with "mushroomed" tops. Grind off
smooth with taper tirst.

RACKING OR STACKING PIPE: Always rack. stack Or pile pipe Qr similar items so that
it cannot be dislodged, slide or fall· in an)' way.
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VERTICAL STACKING: If product must be stood on end. then the bottom should be at

or below working level. If this is impossible, then me bottom must be held so it cannot be
dislodged by building a solid~ safe retainer. In any case, the top is to be laid or otherwise
secured from. falling sideways.

HORIZONTAL STACKING: Bottom (or sm,le layer) must be solidly blocked so it
ClDIlOt roll. If succeeding layers arc separated by boards, then each layer must be solidly
blocked. Pipe "clips" are best. Take extra care tbat no pile can collapse.

BAU..ER.S: Never leave a bailer hanging with the bottom above the platform and rely on
lhe btUe to, hold even for a few minutes. Always climb up and chain to the mast so it will
not fall.

SLEDGES; If the handle cracks· do not "tape· up and use:

PLATFORM PLANKING: Take the time to build a platform so that no loose planks are
hanging out over the timbers.

ROPE & ROPE HITCHES: Make sure the rope is stout enough for the job. Be sure the
right knot is used (timber bitch or bowline), so that the load cannot slip. Use extreme
caution with cathcads so rope does not overwind (drillers should expccially instruct helpers
on this).

SLINGS: Be sure that slings are stout enough for Ihe job and are in good condition. Be
sure the loops cannot slip off the lifting "ears". Tie them together with a small ma.nila
rope if any doubt. Always keep "ears" parallel to the ground when raising from or
lowering float to a horizontal position on the ground.

CHAINS: Use of chains should be limired. Chains should only be used for situations such
as needing boomer chains. boolcing tool string [0 mast and chainin~ bailer to mast. Tow
hook chains may be used fOt.' lifting light loads such as small motors. cable slings ate
always preferable to chains. DO NOT USE BOOMER CHAINS FOR ANYTHING
ELSE, (i.e•• do not remove from truck bed). ,-

BOTILE GAS, OXYGEN & ACETYLENE: All tanks must be turned off 41 the tank
when not in use. (It is not enough just to tum !hem off at night).

SMOKING: Absolutely no smoking around or near equipment when filling with gasoline '.
or liquid propane. '
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OVERHEAD OBSTRUcnONS: When using any equipment with mast or boom,
especially •A-Frames" and boom tnlck. be careful of overhead clearance. First. to avoid
electrocution and second. so that equipment is not damaged. .

HIGH TENSION WIRES: No mast may be set up within lO-feet of a high tension wire.
If the hiah tension wire i& rated at SO kv or more, che rig mast must be at least 25-feet
from me wires and properly grounded.

HOUSEKEEPING: Keep work area clean and fr~ of loose boards, tools, etc. so that it
will not invite injuries. Tools are to be returned to the proper place so that they can be
found and also keeps the area clean.

12. EYE SAFETY

You are required to wear adequate eye protection when your work exposes you [0 risk of
eye injury. or when you arc in areas wbich present eye Uijury hazards.

13. USE OF EMERGENCY EYE WASH FOUNTAINS

If hanntw chemicals come in contaet with your eyes. the proper use of emergency eye
wash fountain can signiflClD1ly reduce the possibili[y of serious injury, Make sure you
know the location of me nearest emergency eye wash foumain in your area.

Speed is essential. If you receive a chemical splash in your eyes or on your skin,
IMMEDIATELY start flushing the area with lots of water. Remove any contaminated
clothing as you rinse.

Continue ftu."hing with lots of water fol' at least fifteen minutes. Even if a taxi or other
emergency vehicle has arrived to transport you to a medical facility I continue flushing the
area (or at least fifteen minutes.

14. DRESS REQUlREl\.fENTS

At Bergerson-Caswell, Inc. we are more concerned witll your safety than fashion.
Clorhing and accessories which·crcate potentially hazardous conditions may not be worn in
the production or processing areas. Your. supervisor and the Policy Adminisuator are
authorized to use their discretion in disapproving clothing items coosid~rcd potentially
hazardous or otbcrwise inappropriate.
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1.0 INTRODUCTION

Environmental Management Resources, Inc. (EMR) has prepared this Quality Assurance
Project Plan (QAPP) for CH2M Hill Contractors, Inc. (CCI) to provide a detailed
summary of all quality assurance (QA) and quality control (QC) measures to be taken in
the implementation of a pilot-scale oil injection study (Investigation) to be conducted at
Anoka County Park in Fridley, MN. The Investigation is being funded by the Southern
Division of the U.S. Naval Facilities Engineering Command to address a chlorinated
solvent release from the Naval Industrial Reserve Ordnance Plant in Fridley, MN. An
outline of specific task requirements associated with the Investigation is provided in the
ACP PILOT-SCALE STUDY PROJECT WORK PLAN (Work Plan) generated by EMR
and dated September 18, 2001.

Included in this document are the details of EMR's quality control organization and
commitment to the project, discussion of the site-specific field sampling plan, testing
methods, and applicable specifications, the project specific waste management plan, and
EMR's project specific sampling and analysis plan and related QC evaluation.

It is the goal ofEMR to provide the greatest possible assurance that project objectives are .
acheived. EMR practices quality control procedures in every phase of operation to assure
that all components of work are performed at the highest level of professional standards.
Standard Operating Procedures (SOPs) provide the mechanism for generating and
maintaining quality levels to provide meaningful accurate data and information.

1.1 EMR QUALITY CONTROL ORGANIZATION AND COMMITMENT

The project organization for the Investigation is illustrated in Figure 1-1 below. EMR
will provide investigation information to the CCI Project Manager who will be actively
involved throughout each Investigation. EMR will only by direction of CCI have direct
contact with any other agency or party.

Table 2.2 of the Work Plan shows lower-tier contractors and a listing of services to be
used by EMR for implementation of the Investigation.

1.1.2 Responsibilities
Work will be performed by qualified EMR engineers, geologists, specialists, and'
technicians. Project management will include quality assurance, scheduling, and budget
control. It will also include preparation of monthly progress reports, attendance at
meetings, and coordination of work with CCI. Project responsibilities for key personnel
are as follows:
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Figure 1-1. EMR Team Organization Chart
ACP Pilot-Scale Study, Fridley, MN

CH2M Hill Constructors Inc,
Don Clabaugh, PE
QAlQC Director & ~
Principal Engineer

Zandra Zwiebel, PG, CHMM Larry Janssen-. ~ ...
Federal Program DirectorProject DirectorlManager & ....

Chuck Ferguson Principal Geologist Corporate Liaison

Health & Safety ~ ~~

Supervisor

+ " +
Dave Winter, PG ScottCamey Raghu Chatrathi, PE, CHMM
Senior Geologist Field Site Manager & Senior Engineer
Discipline Lead Sampling Team Leader Discipline Lead

Sampling Team:
Ryan Zick, Mike Goalen,

Tracey Turner•
Project Director - Zandra Zwiebel

The Project Director (PD) is responsible to CCl for meeting the project quality
requirements, and for providing project quality data to the EMR Quality Assurance
Reviewer.

Quality Assurance Reviewer - Don Clabaugh, PE

The Quality Assurance Reviewer (QAR) will be responsible for review and approval of
project documents and reports for conformance to the scope of work and technical
adequacy.

Project Manager - Zandra Zwiebel

The Project Manager (PM) has the primary responsibility for fulfillment of the terms of
the contract. The PM will be responsible for the following: meeting project plan
requirements; adhering to project schedules; keeping the project within budget; reviewing
and assessing the adequacy of the performance of the technical staff assigned to the
project, the subsurface exploration contractor(s), the laboratory, and the surveying
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subcontractor; maintaining project documentation; communication with CCI regarding
progress toward the project's goals; and preparing technical reports. e
Field Site Manager - Scott Carney

The Field Site Manager (FSM) has the responsibility for overall coordination of field
operations including the subsUrface exploration contracts and waste disposal contractor.
The FSM will be responsible for adherence to the health and safety plans, project plans,
QAPP, and documentation of field work.

Onsite QC Representative - Scott Carney

The onsite QC representative will coordinate field activities and implement the sampling
and analysis plans according to EMR's SOPs, and the site-specfic QAPP.

Health and Safety Supervisor - Chuck Ferguson

The Health and Safety Supervisor (HSS) will be responsible for developing the
requirements of the Health and Safety Plan, maintaining proper medical surveillance,
providing hazard communication information, advising employees in safe operating
procedures, and advising the PM and FSM on matters concerning the health and safety of
field team employees.

Sampling Team Leader - Scott Carney

The Sampling Team Leader (STL) has the responsibility for coordinating the activities of
the Sampling Team Members (STM). The STL will be responsible for the following:
installing and calibrating the field instrumentation; conducting the sampling program;
assuring the availability and maintenance of all sampling equipment and materials;
equipment decontamination; providing for shipping and packaging materials; and
supervising the accurate completion of all sampling paper work, e.g., chain-of-custody
records and field log books.

Sampling Team Members - Ryan Zick, Mike Goalen, Tracey Turner

The Sampling Team Member (STM) will be responsible for observing field operations
such as monitoring well boring and installation, and collecting environmental samples
from the media of concern in accordance with the requirements and procedures specified
in both the Work Plan, and Health and Safety Plan. .
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2.0 DEFINABLE FEATURES OF WORK

This QAPP describes methods and procedures for a number of subsurface investigative
techniques. All of these techniques will not necessarily be utilized during the conduct of
each portion of the Investigation. The site Work Plan will refer to the specific
investigative techniques to be utilized.

• The following lists the definable features ofwork (DFOWs):

• Mobilization and site preparatory work

• Pilot-scale system installation and soil sampling

• Pre-injection sampling and aquifer testing

• Baseline sampling

• Injection ofvegetable oil

• Post-injection aquifer testing

• Post-injection system sampling

• Site restoration and demobilization

A description of the individuals tasks associated with the DFOWs are found in the Work
Plan. Below is a discussion of the project-specific field sampling plan, related waste
management plan, and data collection and analysis quality assurance plan, which will be
used to implement the associated tasks.
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3.0 FIELD SAMPLING PLAN

3.1 DRaLING OF TEST BORINGS

The drilling program method for the Investigation tasks described in this section.
Specifically addressed are the drilling and sampling methods. The program, as described,
is based on CCl's Statement of Work. Specific items considered include the existing
information on property and land use, existing boring logs, review of available records,
geologic and hydrogeologic conditions at the site, and data collected during previous
investigations. The program will be modified as additional information on subsurface
conditions is obtained.

3.1.2 Equipment and Procedures
During all aspects of the drilling program, soil gas vapors and ambient air concentrations
will be monitored to detect potential contamination and, if necessary, to implement
contingency procedures of the health and safety plan. Procedures for the health and
safety program are described in the ACP PILOT-SCALE STUDY PROJECT HEALTH
AND SAFETY PLAN. Soil gas vapors will be measured in the headspace of soil samples
to screen organic contamination. An OVMIDATALOGGER Model 580A will be used to
measure the concentration of organic vapors.

Drilling procedures will be consistent with industry standards for hollow stem auger
work. The practices outlined for ASTM D 1452 will be followed. Data and observations
made during the drilling program will be recorded on a soil visual classification log
(SVCL)(Appendix A).

3.1.3 Drilling and Drilling Supervision
Drilling services will be provided by a driller and helper familiar will all aspects of the
drilling program. The drill rigs to be used are of the rotary hollow-stem auger type,
equipped with 4-1/4", or larger, inside diameter (ID) hollow stem augers. The augers will
be steam-cleaned prior to drilling, and following each boring.

EMR personnel will be on-site during all drilling activities and will provide the following
servIces:

• provide professional field supervISIon for all aspects of the drilling"
program;

• to coordinate with CCI to select drilling sites, completion depths,. and
sampling intervals;

• describe soil samples and log each boring;

• select soil samples for laboratory analysis;
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• measure and record water levels in all monitoring wells during the drilling
program.

• Overall supervision of the drilling and monitoring well installation
program will be provided by the FSM.

3.2 SOIL SAMPLING

Sampling of the deposits penetrated during drilling provides materials for examination at
the surface and for analytical testing. Soil samples will be collected continuously at each
location. Sampling devices will include a split-spoon sampler and a thin-wall Shelby tube
sampler.

3.2.1 Methods for Describing and Handling of Soil Samples
Following collection, soil samples will be measured for amount recovered and organic
vapor concentration. The lithology of the sample will be classified and recorded in the
SVCL (Appendix A). Once the target sampling depth is reached soil samples will be
collected for analysis by off site laboratories.

The ASTM standard methods for preserving and transporting soil samples will be
followed (ASTM D4220). A chain of custody form (Appendix A) will be completed and
will accompany soil samples designated for chemical analysis.

3.2.2 Laboratory Testing of Soil Samples .
When the target sampling depth is reached soil samples will be submitted for laboratory
analyses. Laboratory soil samples will be collected from near the vertical center of the
anticipated screened interval, or approximately 35 feet below the ground surface (bgs).

Laboratory analysis to be conducted on soil samples consist of volatile organic
compounds (VOC), total organic carbon (TOC), and bulk density (Tables 4.2 and 4.3 ­
Work Plan). Analytical sample collection methods and criteria are specified in SOP#2
(Appendix E of the Work Plan).

3.3 MONITORING WELL INSTALLATION PROGRAM

Preliminary location and purpose for each injection, contingency and monitoring well
will is described in CCl's amended Statement of Work. The final well locations and
screened depths will be chosen by the CCI field manager and implemented by the FSM.

3.3.1 Construction Details for Monitoring wells .
Methods for monitoring well construction will follow those outlined in the "Green Book"
(EPA 600/4-89/034) and CCl's amended Statement of Work. .Construction of a
monitoring well consists of the following steps: (a) advancing the hollow stem augers,
while continuously collecting soil samples to a predetermined depth based on the purpose
of the well; (b) installing the screen and risers through the augers; (c) concurrently
removing the augers while adding a sand pack and above that, a cement and bentonite
grout seal; (d) continuing to remove the augers while adding a cement and bentonite
grout seal; (e) using an expansive cement seal to secure protective guard steel with
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locking cap in place; and installation of protective bumper posts around the wellhead.
Construction details for each monitoring well are summarized in CCl's amended
Statement of Work and on Table 4.1 of the Work Plan.

PVC screen and casing will have been pre-cleaned by the manufacturer and sealed in
shrink-wrap film to resist contamination during transport and storage. The casing will be
constructed of schedule 40 PVc. The screens will be constructed of schedule 40 PVC in
ten foot in lengths with 20-s10t (0.020 inches) openings. The sand pack consisting of
washed 10-20 silica sand will be added around the screen and brought to at least two feet
above the top of screen. A pellet seal with a minimum thickness of 3 feet will be added
above the sand pack. The seal will consist of sodium bentonite pellets, which will be
hydrated with potable water.

The pellet seal will be overlain by neat cement grout (non-rapid setting cement) that will
extend to within 2 feet bgs. A concrete surface collar will extend at least to the ground
surface and will overlie the neat cement. The wellhead will be finished with a protective
steel casing, locking well cap and three steel ballard posts.

All materials and well construction details will adhere to specifications found in CCl's
amended Statement of Work.

3.3.2 Well Development
Following monitoring well completion, each monitoring well will be developed by
pumping or bailing until the discharged water is relatively sediment free. Equipment to a
be used for development, and evacuation of water prior to sampling, includes a •
Centrifugal Pump, a bladder pump, disposable or dedicated bailers, or a low-volume
peristaltic pump.

Effectiveness of the development measures will be closely monitored. Turbidity, specific
conductance and temperature will be measured during the development process and used
to determine when development is complete.

3.3.3 Water Level Monitoring
The STM will be responsible for measuring water levels during the drilling and
development oftest borings and monitoring wells. Procedures outlined in ASTM D4750
(See Attachment C-3) for measuring water levels will be followed. Following
monitoring well installation and stabilization of water levels, static water levels will be
measured so that potentiometric surface maps can be constructed.

3.3.4 Hydraulic Conductivity Testing .
Hydraulic conductivity will be determined in the laboratory using rising- and falling-head
slug tests as outlined in CCl's amended Statement ofWork.

3.3.5 Top of Casing Survey
Top of casing of each monitoring well will be surveyed to the nearest 0.01 foot. This will
allow for more accurate placement of dowilgradient wells and the' construction of
potentiometric surface maps of each water-bearing zone, and determination of flow
direction and gradient, from water level measurements.
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3.4 WATER SAMPLING AND ANALYSIS

3.4.1 Purpose and Scope
Water samples will be collected and analyzed for selected chemical constituents to
determine water quality. Monitoring wells will be located where previous work has
identified potential ground-water contamination, and where additional work identifies
contamination. Monitoring wells will be located to determine water quality and to
monitor the effects of oil injection.

3.4.2 Ground-water Monitoring Well Sampling Procedure
All sampling materials entering a monitoring well will be washed with a phosphate-free
detergent, rinsed with potable water, rinsed with pesticide-grade isopropyl alcohol and
rinsed with distilled water and allowed to air dry. Equipment blanks will be collected,
and analyzed if anomalous results are obtained. In addition, replicate samples will be
collected from selected wells to determine variance of analytical results.

Initially, upon approaching each monitoring well, it will be visually inspected for any
indications of physical damage. The locking cap will be removed to allow for
equalization and the protective top will be replaced. After all wells have been unlocked
and sufficient time has elapsed for equalization the static water levels will be measured in
all wells to be sampled. Following measurement of static water elevation, total volume
of standing water in the wells will be calculated.

A minimum of three well volumes will be removed prior to the collection of laboratory
samples. This ensures the removal of the stagnant water within the wells and that the
sampled water is ground water from the formation. For wells that are completely
evacuated, it may not be necessary to obtain several well volumes of water. In these·
instances, specific conductance, pH, turbidity, and temperature of p:umped water will be
measured until the parameters have stabilized. Monitoring of these parameters allows a
determination of whether water is· obtained from storage within the monitoring well and
sand pack, or directly from the formation. Where possible, pumping rate will be
minimized so that wells are not completely evacuated.

Ground-water samples will be collected so that physical alteration (pressure change and
aeration) and chemical contamination (dirty sampling equipment) is minimized or
avoided. Only stainless steel or fluorocarbon resin sampling devices will be used.
Specific Conductance, pH, temperature, dissolved oxygen and turbidity will be measured
before and after sample collection to confirm that a sainple that is representative of
formation water is obtained, and to provide a check for sample degradation between the
field and laboratory.

Quality assurance and control will be determined through use of field blanks, trip blanks,
duplicate samples, rinseate samples, and matrix spike samples. A summary of collection
frequency and analysis to be performed on quality assurance/control samples is found in
Table 4.5 of the Work Plan. .
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A chain-of-custody fonn, signed and dated by all personnel who handle the samples, will
accompany the sample from the field through the laboratory. Sampling equipment will
consist of stainless steel bladder pump. Methods and procedures will be consistent with
those described in the Superfund and Voluntary Investigation and Cleanup Programs ­
Sampling Protocol Templatefor Monitoring Wells.

3.4.3 Chemical Parameters to be Monitored
Sampling and analysis of ground water will be conducted to assess and monitor
groundwater quality both prior to and following oil injection. Groundwater chemical
analysis will be conducted both in the field and at an analytical laboratory.

In-field analyses will consist of the groundwater water quality parameters discussed in
section 3.4.2 and chloride, carbon dioxide, alkalinity, ammonia, ferrous iron, hydrogen
sulfide, and manganese (Table 4.2 and 4.3 - Work Plan). Laboratory analyses will consist
of VOC, methane/ethane/ethene, nitrate/nitrite, hydrogen (select wells) and TOe. The
sampling procedures for hydrogen are included in SOP #7 (Appendix E Work Plan).
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4.0 WASTE MANAGEMENT PLAN

4.1 WASTE STREAMS

The above discussed field activities will generate three distinct waste streams. These
waste streams are as follows:

• Contaminated soil from drilling activities;

• Water from decontamination, well development and well sampling activities;

• Vegetable oiVwater mixtures from post-injection well sampling;

Two additional waste streams are anticipated and consist of 1) miscellaneous and
construction wastes; and 2) contaminated personal protective equipment (PPE).
Miscellaneous and construction wastes will be placed in a job site dumpster and disposed
at a municipal landfill. A determination will be made whether contaminated PPE will
need special disposal requirements or can be handled by a municipal landfill. Pre­
vegetable oil injection water wastes will be transported to NIROP for storage and
disposal at the on-site water treatment facility. Certificates of disposal will be retained
for all disposal activities related to the Site, and turned over to CCI at frequencies listed
in Section 2.4.2 of the work plan.

4.2 WASTE CHARACTERIzATION

Two waste streams (contaminated soils and post-injection water) will be characterized
prior to transportation and disposal to an off-site facility. These waste streams will be
characterized through sampling and analyses of constituents listed on Table 4.1 of the
Work Plan. Samples collection and waste handling procedures are described following
sections.

It is assumed that all generated wastes will be classified as non-hazardous. If the
laboratory results indicate that a waste stream is hazardous, EMR will contact a waste
broker to ~etermine the location of an acceptable disposal ~acility.

4.3 WASTE MANAGEMENT PRACTICES

All generated wastes will be containerized for both transportation and storage at the
designated temporary staging areas. All containers, holding tanks, and roll-off boxes will
be in good condition with no damage or other defects that could result in leakage.

A temporary staging area will constructed in an area designated by Cel. The temporary
staging area will consist of at least two roll off boxes, which will be piacedon bermed
reinforced plastic sheeting. Both roll off boxes will be complete with plastic liners and
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full coverage tarps. One roll off box will be used for the storage of liquid waste
containers, while the other will be used for contaminated soil storage. Waste containers
will be neatly arranged and stored in a secured onsite temporary staging area. Adequate
aisle space will be provided between containers to allow the unobstructed movement of
personnel and equipment. Containers will remain closed unless adding or removing
material. Covers will be properly secured at the end of each workday.

The temporary staging area will contain emergency equipment equivalent to hazard
posed by waste. At a minimum the temporary staging area emergency equipment will
include:

• Fire extinguisher

• Spill control supplies and equipment

• Decontamination equipment

• Alarm Blow Hom

• Drum Repair Equipment and Tools

EMR personnel will be responsible for maintenance of the containment/storage area,
including replacement of any worn or damaged containment materials. Daily inspections
of the temporary storage area will be performed and documented to verify there are no
ruptures to containers or other conditions that could result in a release. In addition, the
daily inspections will ensure that all containers are properly labeled, with labels visible,
and to maintain good housekeeping. An example of the temporary storage area inspection
form is found in Appendix A.

Portable storage tanks for liquids will be provided with covers and secondary
containment. Old labels will be removed. Any tank arriving onsite with contents will be
rejected. Free liquids that have accumulated in the secondary containment· will be
pumped (or otherwise removed) and combined with tank contents.

The labeling of waste containers, tanks, and roll-off boxes will be in accordance with 49
CFR 172, 173 and 178 (and 40 CFR 262 for hazardous wastes).

Drums will be transported to the temporary staging areas on wood pallets and will be"
secured together with non-metallic bonding.

All generated wastes will be handled, stored, transported, and disposed of in accordance
with all applicable federal, state and local regulations. All generated wastes will be
disposed of within 60 days of the accumulation start date. All personnel handling
hazardous waste will be trained in accordance with 49 CFR 172.704, 29 CFR 1910.120,
and 40 CFR 262. All personnel responsible for hazardous waste labeling, inspecting,
profiling and manifesting will be trained in accordance with 29 CFR 1910.120 and 49
CFR 172 as amended by HM-181 and HM-126. All vehicles carrying hazardous waste
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will be placarded in accordance with 49 CFR 172. All vehicles will be adequately
protected to prevent leakage or spillage during shipment.

EMR will coordinate with the on-site Navy O&M Contractor to schedule discharge of all
generated water to the NIROP Ground Water Treatment Facility (GWTF).

4.3.1 Management of Soil
All soil generated during well installation will be stored in lined roll off containers or 55­
gallon drums. Generated soil will be sampled and analyzed as specified in Table 4-5 of
Appendix D of the Work Plan for disposal characterization. To the extent possible,
samples will be collected using disposable sampling equipment. If required,
decontamination of sampling equipment will be performed in accordance with Section
5.0 of the Work Plan.

Soil characterization samples will be collected from the material contained in roll offs or
55-gallon drums. One composite sample will be collected per roll-off or one per 4 drums
or as required by the disposal facility. The samples will be collected as follows:

• Choose four points in the roll off (or four drums, if stored in drums) and
place a marker (flag or stake) at each point.

• At each of the four points (or from each of the four drums, if stored in
drums), collect grab samples by performing the following steps:

• Remove the top 12 inches ofthe soil using a stainless steel auger

• Auger down another 6 inches, remove the sampler, and place the
sample in a stainless steel bowl.

• Homogenize the four grab samples by quartering techniques using a
stainless steel spoon.

• Fill the appropriate sample jars with the homogenized sample

• Close the jars, label, and package the sample for shipment to the
laboratory.

NOTE: Samples for volatile organic compounds (VOCs) analysis will not be composited
and homogenized. They will be collected as discrete grab samples from the locations
indicating highest field screening test results. Sample containers will be filled to capacity
with the sampled soil so that no headspace remains in the container.

All analyses will be requested for a 14-calendar day turnaround time basis. The results of
the analyses will be forwarded to CCI within one day following receipt of the analytical
results. Analytical results will also be provided to CCI electronically in accordance with
the specifications in the CCI amended Work Plan.
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Based on analytical results, the soil will be disposed of offsite as hazardous waste (non­
Toxic Substances Control Act (non-TSCA» or non-hazardous special waste. Off site
treatment or disposal facilities will use the waste profile and supporting documentation
(e.g., analytical data) to determine if they will accept a waste. Hazardous wastes will be
sent to the appropriate RCRA Subtitle C treatment or disposal facility. Non-hazardous
wastes will be sent to Subtitle D facilities or municipal landfills, as appropriate. The
treatment or disposal facility will be responsible for providing a copy of the final waste
manifest and for providing a certificate of destruction or disposal for each load of waste
received. Final waste manifests or destruction/disposal certificates will be forwarded to
CCI upon receipt.

4.3.2 Management of Generated Water
All water generated from this work will be stored -in portable holding tanks or 55-gallon
drums. Purge water that is visibly contaminated with vegetable oil will be containerized
separately and characterized prior to disposal off site to an approved waste disposal
facility as hazardous (non-TSCA) or non-hazardous special waste based on analytical
results. Water free of vegetable oil will be discharged at the NIROP GWTF for treatment
and disposal.

Purge water containing free vegetable oil will be sampled and analyzed as specified in
Table 4-5 of Appendix D of the Work Plan for disposal characterization. To the extent
possible, samples will be collected using disposable sampling equipment. If required,
decontamination of field sampling equipment will be performed in accordance with
Section 6.3.2.1. Disposal characterization samples will be collected from the portable
holding tanks or drums using either a dip jar or bailer. The sample containers for volatiles
analyses will be filled first. The 40-ml vials will be filled so that there is no headspace in
each vial. The sample containers for the remaining analyses will then be filled.

All analyses will be requested for a 14-calendar day turnaround time basis. The results of
the analyses will be forwarded to CCI within one day following receipt of the analytical
results. Analytical results will also be provided to CCI electronically in accordance with
the specifications in Appendix C.

4.3.3 Management of Office Wastes, Construction Debris, and Personal Protective
Equipment
All miscellaneous office waste and general construction debris (such as caution tapes,
barricades, signs, and packing materials) will be containerized in accordance with all
applicable rules and regulations until it is disposed of offsite. No waste material and/or
debris will be buried or otherwise allowed to remain on the site.

Office wastes and general construction debris without any contamination is classified as
non-hazardous construction debris and will be disposed at a landfill permitted to accept
such wastes.

Used personal protective equipment (PPE) includes disposable Tyvek® suits, gloves,
booties, and plastic sheeting. Contaminated PPE will be placed in a plastic-lined 55­
gallon drum immediately after use; the drum will be labeled to identify its contents and
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source of generation, and characterized using process knowledge. Contaminated PPE will
be disposed as non-hazardous or hazardous waste, depending on characterization. Used
uncontaminated PPE will be disposed of as non-hazardous wastes at a Subtitle D facility
or municipal landfill, as appropriate.

4.4 WASTE TRANSPORTATION

Each transportation vehicle and load of waste will be inspected before leaving the site.
The quantities of waste leaving the site will be recorded. Waste will be transported by
licensed commercial transporters, in accordance with 49 CFR 171-179. A copy of the
appropriate licenses and/or certificates will be provided to CCI prior to transport of any
waste material.

The transporter is responsible for weighing loads at a certified scale. For each load of
material, weight measurements will be obtained for each full and empty container, dump
truck, or tanker truck. Disposal quantities will be based on the difference of weight
measurements between the full and empty container, dump truck, or tanker truck.
Weights will be recorded on the waste manifest. The Subcontractor will ensure that the
transporter provides copies ofweight tickets with the final manifest to CCI.

EMR will ensure that the transporter observes the following practices when hauling and
transporting wastes offsite:

• Minimize impacts to general public traffic, repair road damage caused by
construction and/or hauling traffic.

• Decontaminate vehicles prior to re-use offsite or for hauling non­
contaminated material. The truck tires and exterior of the dump truck body
will be swept clean of soil/sand prior to each truck leaving the excavation
zone. All moist rags, poly-sheeting and PPE used during the
decontamination process will be include with the contaminated soil and
debris for disposal.

• No materials from other projects will be combined with materials from the
site.

• Trucks transporting liquids will be sealed.

Care will be taken during loading operations to minimize the potential for spillage,
tracking, or cross contamination. Contaminated soil which becomes spilled on the road,
street, or other areas outside the limits of the excavation during Joading operations, will
be immediately cleaned up to the satisfaction of CCI. All personnel involved in offsite
disposal activities will follow safety and spill response procedures outlined in the Health
and Safety Plan.
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4.4.1 Manifests/Shipping Documentation
Each load of waste material will be manifested prior to leaving the site. At a minimum,
the manifest form will include the following information:

• Transporter information including name, address, contact and phone
number

• Generator information including name, address, contact, and phone
number

• Site name including street/mailing address

• Description of waste (e.g.: hazardous waste, liquid)

• Type ofcontainer

• Quantity of waste (volumetric estimate)

Additionally, each waste stream transported offsite will also have a waste profile, Land
Disposal Restriction Notifications/Certifications (for hazardous wastes), and haul ticket.
Copies of the shipping manifests will be returned to CCI within 24 hours of shipment.

4.4.2 Transportation and Disposal Log
Transportation of wastes will be inventoried the day of transportation from the site using
the Transportation and Disposal Log. A carbon copy of the initial manifest form for each
load will be retained on-site and attached to the Daily Production Report. All required
transportation manifests will be prepared by EMR, approved by CCI, and signed by the
Navy's site representative.

4.5 DISPOSAL FACILITIES

EMR has selected three waste disposal companies to transport and dispose of the
anticipated waste streams. The disposal responsibility ofeach company is as follows:

Office/Construction Waste Management
Debris

Waste Stream

Contaminated Soil

OillWater Mixture

TransportationlDisposal
Company

Onyx Environmental SerVices

Special Waste Disposal, Inc

Anticipated End
Point

Superior FCR
Landfill

Metropolitan
Council

- Environmental
Services

Municiple Landfill
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5.0 QUALITY ASSURANCE PROJECT PLAN
(QAPP)

5.1 SAMPLING PROCEDURES

EMR STMs will be responsible for collecting samples in the field with the objective of
obtaining samples that represent the environmental matrix at the site. Containers and
preservatives will be supplied by EnChem Laboratory, Inc (EnChem). Preservatives
required for each analysis will be added to the appropriate sample containers by EnChem
before shipment to the project site.

The EMR QC representative will be responsible for assuring that an adequate volume of
sample is collected, and that the samples are shipped, using proper chain-of-custody
procedures. Upon receipt of samples, EnChem will complete the chain-of-custody
documentation, and will consider any sample with a broken sample seal suspect.

A sample will be collected from the vegetable oil shipped to the Site prior to it being
injected into the aquifer. A bailer or a drum thief will be used to collect an oil sample
directly from the top opening of the tanker truck. The oil sample will then be transferred
into sampling bottles provided by the Laboratory.

5.2 SAMPLE CUSTODY

Sample custody is a vital aspect of field investigation programs that generate data used as
evidence in a court of law. The possession of samples must be traceable from the time
the samples are collected until their ultimate disposal. To achieve the required
documentation, several documents will be completed. These documents are described in
the following sections.

5.2.1 Field Sample Logbook
All information concerning sample collection by EMR personnel will be entered either in
a hardcover bound field book or on the appropriate field form (Appendix A). The
recorded field data ,for each sample will include:

• project location;

• exact location of sampling point;

• sampling methodology;

• sample container numbers and volumes;

• date and time ofcollection;

5-1



ACP Pilot-Scale Study Quality Assurance Project Plan
EMR Project #5427-001

• field sample identification number or designation;

• field observations or measurements;

• preservation and transport statement;

• name(s) and signature(s) of sampler(s);

• any deviation from the work plan will alos be noted and documented.

5.2.2 Sample Labels
Gummed laboratory sample labels will be used for proper identification and management
of collected samples. These labels will be completed and affixed to each sample
container at the time of collection. If a sample requires several containers for transport
and analysis, each container will have a label. Entries on the sample label will include:

• Facility name;

• Sample station identification;

• Sample type;

• Sampling date;

• Sampling time;

• Preservative added;

• Sample collector's initials; and

• Analyses requested.

• All entries on the Sample Label will correspond with the Field Sample
Logbook.

5.2.3 Chain-of-Custody Form
Samples submitted to EnChem will utilize chain-of-custody forms (Appendix A) to
provide adequate documentation of sample possession. These forms will be completed
and sealed within the sample transport container to be opened and examined by the,
EnChem Sample Custodian. All entries on the chain-of-custody form will correspond
with the field sample logbook and sample labels.

To maintain and document sample custody, the chain-of-custody procedures described
below will be strictly followed. A sample is in custody if:

a) it is in actual possession of the responsible person, or

b) it is in view, following physical possession, or

5-2



ACP Pilot-Scale Study Quality Assurance Project Plan
EMR Project #5427-001

c) it was in possession of said personnel and is locked or sealed to prevent tampering, or

d) it is in a secure area.

Chain-of-custody procedures will continue after receipt of samples by the Subcontract
Laboratory.

5.3 CALIBRATION PROCEDURES

A calibration procedure establishes the relationship between a known calibration standard
and the measurement of that standard by an instrument or analytical procedure. Specific
procedures are maintained by EnChem for the operation and calibration of all its
analytical instruments. These procedures include proper operator training and
supervision; mandatory instrument performance specifications; and systematic instrument
calibration, verification, and monitoring schedules.

Equipment calibrated by EnChem includes major analytical instrumentation,
measurement equipment, glassware, water, reagents, and industrial gases. Instrument
calibration response criteria are based upon the manufacturer's or EPA's analytical
method specifications.

5.4 ANALYTICAL PROCEDURES

All samples designated for chemical analysis will be promptly packaged and delivered to
EnChem. EnChem will then be required to submit results that are supported by sufficient
backup data and quality assurance to enable reviewers to evaluate the quality of the data.

5.5 DATA REDUCTION, VALIDATION, AND REpORTING

The principal criteria for quality assurance of laboratory results are dependent on the data
integrity during collection, analysis and reporting. The processes necessary for data
reduction, validation, and reporting are described in the following sections.

5.5.1 Laboratory Data Reduction, Validation, and Reporting
EnChem utilizes a Laboratory Computerized Data Management System to record,
document, and assimilate pertinent laboratory technical and administrative data. This
data management system enhances efficient coordination among these component
laboratory activities by providing a highly automated,' standardized communication
network for data transfer and correlation.

EnChem will provide QA/QC reports that contain information on instrument performance
(initial and continuing instrument calibration and verification) and method performance
(preparation blanks, laboratory control samples, spiked samples, duplicate samples)
necessary to validate the integrity of the data. EnChem will adhere to the QA/QC and
documentation procedures of the U.S. EPA's Contract Laboratory Program.
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5.5.2 Analysis of Laboratory Results
The laboratory data report will be evaluated through an examination of "less than
detection limit" values, missing data values, outliers, and units ofmeasure.

Laboratory instrumentation is capable of recording values that may be "less than
detection limit". Although these values may not be considered statistically accurate, they
may, nevertheless, indicate certain trends in chemical constituents. Reported values that
are less than the detection limit for that specific parameter will be considered suspect if
the value appears to increase with time. Results that are increasing but still remain
beneath the detection limit may indicate an increasing concentration trend. Analysis of a
specific parameter will always be accompanied by the corresponding numerical value of
the detection limit and by the actual amount detected.

A measured contaminant concentration value that is significantly different from the
majority of other values in a data set are referred to as an "outlier". Outliers can be
caused by a catastrophic unnatural occurrence such as a spill, inconsistent sampling or
analytical chemistry methodology, errors in the transcription of data values or decimal
points or a true value of an extreme contaminant concentration. Every effort should be
made to determine the basis for outlier data. If no basis can be found for the outlier
value, the value should be reported but deemed suspect.

The laboratory data report should be examined also for missing data and for the accuracy
and reliability of the reported unit ofmeasure.

5.5.2.1 Blank and Replicate Samples
Sampling techniques for quality assurance and quality control include the use of field
blank samples, rinseate blank samples, trip blank samples, matrix spike samples and
duplicate samples. A discussion of each is provided below:

Field blank samples are distilled water samples that are collected in field conditions to
determine whether analytical samples are subject to sampling atmosphere conditions. At
no time is the field blank sample exposed to site conditions. This sample is used to
identify possible sources of laboratory error or the occurrence of contamination during
the sample shipping process.

Rinseate blank samples are samples taken from water used to rinse sampling equipment.
Laboratory analysis of equipment rinseate blank samples may indicate the effectiveness
of cleaning and decontamination of sampling equipment.

Trip blank samples are samples that have been prepared by the laboratory, taken into the
field, and returned to the laboratory for analysis.

Duplicate samples are collected from the identical sample matrix as a designated
analytical sample but are not specifically labeled with sample location and time.
Duplicate samples should be double blind to the lab meaning that neither sample should
in any way indicate that it is part of a duplicate set. A sample ill and time of collection
for one of the samples shall be created and it shall be recorded in the logbook and / or ~

other appropriate forms, as to the actual identity of the sample. The results of a duplicate •
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sample are then compared to the. associated analytical sample to che.ck laboratory
replication.

5.6 INTERNAL QUALITY CONTROL

Internal quality control checks are designed to evaluate the scientific and legal validity of
all analytical results. The laboratory QNQC Program consists primarily of a thorough,
legal laboratory documentation network in combination with systematic inclusion of
various analytical quality control practices into all component laboratory operations.
These QC practices will provide constant documented evaluation and surveillance of
acceptable sampling and analytical method performance.

5.7 PERFORMANCE AND SYSTEMS AUDITS

To verify the quality of the laboratory's measurement systems, an internal system of
performance and systems audits is required. Performance audits require satisfactory
blind analysis of unknown intra-laboratory performance evaluation samples. EnChem
conducts these audits on a regular basis as a part of normal laboratory operations.
EnChem also will submit to on-site external systems audits, which evaluate the adequacy
of laboratory personnel, equipment, documentation, and QNQC.

5.8 DATA ASSESSMENT PROCEDURES

Specific procedures to assess the precision and accuracy of analytical data will be
required of the laboratory. These measures include data validation and internal quality
control procedures. Specific procedures for assessing data accuracy and precision
include calculation of percent recoveries and relative percent differences for all duplicate
and spike sample analyses.

5.9 CORRECTIVE ACTION

To quickly identify and rectify problems in laboratory procedure, the laboratory will be
required to routinely review its quality control data to assess the need for corrective
action. Frequent review of data allows rapid identification of the source of analytical or
sampling error and the implementation ofcorrective action.

5.10 QUALITY ASSURANCE REpORTS

EnChem routinely prepares and submits internal QA reports to laboratory management.
These reports include assessments of systems and performance audits, significant quality
assurance problems and the outcome of any corrective actions undertaken. The
laboratory also will submit a quality assurance report summarizing analytical results and
those portions of the internal quality analysis report pertinent to this project.
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6.0 QUALITY ASSURANCE OBJECTIVES FOR
DATA EVALUATION

The principal objectives of the QA/QC procedures are to maintain the quality of
operational activities in the field and in the laboratory, and to document the quality of
data generated through established review and audit procedures so that all data and
resulting decisions are technically sound, statistically valid, and properly documented.
To provide analytical data that meet these objectives approved EPA analytical methods
will be used. The methods to be used are summarized in Table 4.4 of the Work Plan, and
in the attached Table 5.1 along with the preservation and holding time requirements.

To monitor progress towards achievement of the data quality objectives, the following
QC parameters will be assessed: precision, accuracy, representativeness, completeness,
and comparability (PARCC).

6.1 PRECISION AND ACCURACY

Precision and accuracy are quantitative measures of the reproducibility of the
measurements or analytical results, and the bias of a specific measurement method,
respectively.

Precision and accuracy of laboratory-generated data are assessed by evaluating spike,
blank, and duplicate samples. The field QC samples are collected at a frequency equal to
or greater than that specified in SW-846. The frequency of quality control samples is
summarized in Table 4.5 of the Work Plan.

Precision of field measurements will be assessed by checking the reproducibility of
measurements by taking multiple readings. Accuracy of field measurements will be
addressed by calibration of instruments (where appropriate).

Detailed equations for evaluating precision and accuracy are presented in Chapter 14.0 of
this QAPP.

6.2 REPRESENTATIVENESS

Representativeness is a qualitative evaluation that assesses whether the information
obtained during the investigation accurately represents actual site conditions.
Representativeness will be assessed after initial data validation and reduction, and will be
based only on validated data. The determination of the representativeness of the data will
be evaluated by:

• Comparing actual sampling procedures to those specifieq in the Work'
Plan. .
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• Examining the results of QC blanks for evidence of false-positive results.

• Examining the results of field duplicates to detennine variance in site
characteristics.

• Examining and comparing the results of successive sampling episodes.

6.3 COMPLETENESS

Completeness defines the percentage of completed measurements that are judged to be
valid. Sufficient amounts of valid data must be generated to make technical decisions.
Field completeness is assessed by comparing the number of samples collected to the
number of samples planned. Overall completeness is assessed by comparing the number
of samples having valid data to the number of samples planned. The equation used for
evaluating completeness is presented in Chapter 14.0 of this QAPP.

6.4 COMPARABILITY

Comparability qualitatively expresses how data developed during the Investigation
compares with applicable criteria and with data available from other scientific studies in
the area. Both field and analytical procedures will follow standard methods as much as
possible. Field sampling and measurement methods will follow procedures outlined in
the SOPs and Work Plan Section 4.0. This allows comparison to previously collected
data and to data sets, which will be collected in the future.
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7.0 SAMPLE AND DOCUMENT CUSTODY
PROCEDURES

7.1 SAMPLE PACKAGING AND SmpPING

Sample packaging and shipping procedures are based on U.S. EPA specifications as well
as U.S. Department of Transportation (DOT) Regulations (49 CFR Parts 172 and 173).
Samples will be packed and shipped according to requirements for low hazard level
samples.

All sample bottles are to be supplied through a qualified sample bottle supplier or
laboratory. EPA approved preparation, handling, and shipping guidelines are to be
followed.

The steps outlined below will be followed to pack low hazard samples:

• Decontaminated sample containers will be arranged in groups by sample
number.

• Containers will be arranged in front of the assigned coolers.

• Clear tape will be placed over the sample label to protect it.

• Each glass sample container will be wrapped with protective packing material.

• Approximately 2 inches of packing material will be placed in the bottom of
the cooler for cushioning.

• The cooler will be lined with a large trash bag.

• Sample containers will be placed inside the trash bag in the cooler.

• The trash bag will be sealed with tape. Sample containers will not be allowed
to be in direct contact with ice.

• Ice will be double packaged in sealed plastic bags and added in a quantity
sufficient to maintain a required temperature control of 4 degrees C +/- 2
degrees C and temperature blanks will be included with each shipment.

• The remaining volume of the cooler will be filled with packing material.

• The chain-of-custody record will be signed; and the time and date the cooler is
sealed or relinquished to an overnight delivery service will be indicated. The
time will be recorded in the field log.
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• Copies of fonns will be separated. Proper copies will be sealed in a large
sealable plastic bag and taped to the inside lid of cooler.

• The cooler drain will be taped shut.

• The lid will be closed and the cooler latched. The cooler will be taped shut on
both ends, with several revolutions made with strapping tape. Labels or
custody seals will not be covered.

• The airbill with contracted laboratory address will be placed on top of cooler.

• "This Side Up" labels will be put on both ends of cooler lid, "Environmental
Samples" label will be placed on lower portion of cooler lid, and "Up Arrow"
symbols will be put on all four sides of the cooler.

• Custody seals will be affixed over lid openings (front right and back left
comers ofcooler). Seals will be covered with clear plastic tape.

• The onsite QC representative will maintain a file of all sample documentation.

• All samples will be packaged and transported within one day ofcollection.

7.2 DOCUMENTATION PROCEDURES AND SAMPLE CUSTODY

Each sample or field measurement will be properly documented to facilitate timely,
correct, and complete analysis, and to support actions concerning a site. .The
documentation system provides the means to identify, track, and monitor each individual
sample from the point of collection through final reporting of the data. All appropriate
fonns are included in Appendix A. Specific documentation requirements are described in ­
the following sections.

7.2.1 General"Documentation Procedures
A suitable work area will be established with sufficient space available for processing
fonns and packaging samples. After all the sample documentation has been completed
and before the samples are prepared for shipping, another team member will cross check
the dat;J. on all fonns and labels and compare the data to the logbook entries.

The sample numbers, laboratory, date sampled, and date shipped will be recorded on th~

chain of custody for each sample. NOTE: Ifportions of a given sample are to shipped to
different laboratories, two entries will be required for that sample number to
accommodate the Chain-of-Custody Record number and shipping record number (if
applicable) corresponding to each portion of the sample.

The number of shipping containers (coolers) required to accommodate the day's shipment
will be detennined. This will be based on the number of samples to be shipped, the
number of containers per sample, and the number of laboratories to be ·used. (Note: A
group of containers for a single sample should not be split between coolers except when
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one portion of the sample is to be sent to one laboratory for one type of analysis, and the
other portion is to be sent to another laboratory for another type of analysis.)

A shipping record (if applicable) will be completed for each laboratory address. (Note:
Several coolers may be shipped to the same address.)

Shipping record numbers will be kept on file by the Field Site Manager.

A Chain-of-Custody Record will be preliminarily assigned to each cooler and the sample
containers to be shipped in each will be determined. (Note: More than one Chain-of­
Custody Record may be needed to accommodate the number of samples to be shipped in
one cooler.)

Chain-of-Custody Record numbers will be assigned and recorded on the custody form.

The number ofpacking lists needed will be determined.

Chain-of-Custody Records will be completed, signed and reviewed.

Two Custody Seals will be assigned to each cooler. The serial numbers of the seals will
be entered in the "REMARKS" section of each Chain-of-Custody Record and seals will
be temporarily clipped to the form.

The paperwork associated with each cooler will be grouped with a separate clip.

Signatures of the onsite QC representative or his designates and initials of sampling team
members will be obtained on the Sample Label and at the top of the Chain-of-Custody
Records.

Samples will be prepared for shipment.

7.2.2 Field Logbook Record Documentation
No general rules can specify the exact information that must be entered in a logbook for a
particular site. However, the logbook will contain sufficient information so that sampling
activities can be reconstructed, if necessary. The bound logbook will have consecutively
numbered pages. All entries in logbooks and on sample documentation forms will be
made in waterproof ink and corrections will consist of line-out deletions that are initialed
and dated. The person responsible for the entries will sigh and date each page (or entry)
after entering it in the logbook.

The logbooks will be kept in the field team member's possession or in a secure place
during the investigation. Following the investigation, the logbooks will become a part of
the final file. A listing of typical field logbook entries is as follows:

• Identification number of sample.

• Type of sample (soil, ground water, drilling water, etc.).
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• Location of sample.

• Depth of sample (below ground).

• Sample withdrawal procedure/equipment.

• Date and time of collection.

• Types of sample containers and sample identification numbers.

• Parameters requested for analysis.

• Calibration record of field test equipment.

• Field test equipment analysis data and methods.

• Chemicals used for decontamination: manufacturer, product description,
lot numbers, and dispenser description (type, construction, etc.).

• Sample shipment information - name of carrier, air bill number, and
shipment date and time.

• Several numbers assigned to Chain-of-Custody Records and Custody
Seals.

• Field observations on sampling event.

• Name of collector(s).

• Weather conditions both from the previous evening and prediction for the
day, along with the current conditions at the time of sampling.

• Sample description (color, odor, etc.).

• Organic vapor detector reading.

• Identification of samples to hold for back-up analyses in the future.

• A cross check' of information recorded in the logbooks by all members
involved in sampling activities will be conducted daily and concurrence
noted.

7.2.3 Corrections to Documentation
Unless prohibited by weather conditions, all original data recorded will be written with
waterproof ink. No accountable serialized documents are to be destroyed or thrown
away, even if they are illegible or contain maccuracies that requir~ a replacement
document. If an error is made on an accountable document assigned to one. individual,

. .
the individual shall make corrections by marking a line through the error and entering the
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correct infonnation. The erroneous infonnation should not be obliterated. Any
subsequent error discovered on an accountable document should be corrected by the
person who made the entry. All subsequent corrections must be initialed and dated.

7.2.4 Chain-or-Custody Record
The Chain-of-Custody Record will be employed as physical evidence of sample custody.
The sampler will complete a: Chain-of-Custody Record to accompany each sample
shipment from the field to the laboratory.

The custody record will be completed using waterproof ink. Corrections will be made by
drawing a line through, initialing, and dating the error, and entering the correct
infonnation. Erasures will not be pennissible. A typical Chain-of-Custody Record is
shown in Appendix A. Typical infonnation to be included on the Chain-of-Custody
Record includes:

• Sample numbers.

• Signature of collector.

• Date and time of collection.

• Sample type (soil, etc.).

• Identification of sampling point (including depth).

• Number of containers.

• Signature ofperson(s) involved in the chain of possession.

• Inclusive dates and times ofpossession.

• Notations regarding compromise of sample integrity such as broken seals,
bottles, etc.

• Any references to sample custody transferred to a laboratory Chain-of­
Custody fonn.

After completion of the Chain-of-Custody Record by the above procedure, the original
signature (top) copy of the Chain-of-Custody Record will be enclosed in a plastic bag.
(with any other sample documentation) and secured to the inside of the cooler lid. A
copy of the custody record will be retained for the Field Site Manager's file.

7.2.5 Sample Labels
Each sample removed from a location and transferred to a laboratory for analysis will be
identified by a Sample Label containing specific infonnation regarding t~e sample. Each
completed sample identification label will be securely fastened to the sample container.
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7.2.6 Custody Seals
A Custody Seal will be used to preserve the integrity of the sample cooler from the time
it is collected until it is opened in the laboratory. Seals must be attached so that it is
necessary to break the seals to open the sealed container. All samples for the site will be
shipped in coolers. Each cooler will usually be sealed on two opposite sides with custody
seals.

Custody Seals will also be affixed to drums of materials stored temporarily on-site or on
any other container or storage area, e.g., refrigerators, trailers, etc., where custody is to be
maintained.

Shipping coolers are secured, and two Custody Seals are usually placed on opposite sides
of cooler so that it cannot be opened without breaking a seal. As long as custody records
are sealed inside the sample cooler and Custody Seals remain intact, commercial carriers
are not required to sign the custody form.

The laboratory representative who accepts the incoming sample shipment will sign and
date the Chain-of-Custody Record to acknowledge receipt of the samples, completing the
sample transfer process. It is then the laboratory's responsibility to maintain internal
logbooks and records that provide a custody record throughout sample preparation and
analysis.

7.2.7 Laboratory Custody
Laboratory custody procedures will conform to those presented in the laboratory's QAPP.
These procedures must include as a minimum:

Designation of a sample custodian authorized to sign for incoming field samples, obtain
documents of shipments, and verify data entered in the field on Chain-of-Custody
Record.

Completion by the custodian of the Chain-of-Custody Record, sample tag, and laboratory
request sheet (including documentation of sample condition upon receipt).

Documentation of the processing steps through use of a laboratory sample custody log
consisting of serially numbered standard laboratory sheets.

Conformity to sample custody procedures for sample handling, storage, and disbursement
for analysis.

Completion of separate documentation to identify all laboratory quality control samples
specific to each batch of samples.

Conformity to proper data logging and documentation procedures including custody of
all original laboratory records.
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7.3 PROJECT FILE

Upon completion of the project, the individual files will be assembled, organized, and
securely stored as the final file for the project. This will be completed by the project
team, maintained by the Project Manager, and supplied to CCI upon request.
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8.0 CALIBRATION PROCEDURES AND
FREQUENCY

All field and laboratory instruments will be calibrated prior to use. The calibration
procedures will follow standard manufacturer and analytical requirements.

8.1 FIELD EQUIPMENT CALIBRATION PROCEDURES AND FREQUENCY

. Field measurement and analytical equipment include pH, specific conductivity, dissolved
oxygen, turbidity and temperature meter; static fluid elevation probes; and a
photoionization detector (PID). The calibration procedures for field equipment will
follow standard manufacturer's instructions to assure that the equipment is functioning
within tolerances established by the manufacturer. The calibration of applicable
equipment is detailed in SOP 2, which is found in Appendix E of the Work Plan.

Field analytical sampling kits will consist of the following Hach Test Kits and Methods:

\,

Parameters

Carbon Dioxide
Alkalinity
Sulfate
Ferrous Iron
Manganese
Chloride
Ammonia
Hydrogen Sulfide

Method

8223
8221
8051 with DR700 colorimeter
8146 with DR700 colorimeter
8034 with DR700 colorimeter
8113
8155 with DR700 colorimeter
8131 with DR700 colorimeter

Manufacturer calibration and analysis procedures will be strictly followed for each
method. Copies of the calibration and analysis procedures are found inside each test kit
and are also found in Attachment C-4.
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9.0 ANALYTICAL PROCEDURES

9.1 FIELD ANALYTICAL PROCEDURES

Field measurements made at the well head will include air monitoring, fluid level
measurement, and determination of pH, specific conductivity, dissolved oxygen, redox
potential, turbidity and temperature using a direct read instrument. Air monitoring
procedures are detailed in Chapter 6 of the Site Health and Safety Plan. Field
measurements for pH, specific conductivity and temperature are detailed in Appendix E
of the Work Plan.

Field analysis of collected samples will include ferrous iron, manganese, hydrogen
sulfide, sulfate, ammonia, alkalinity and bicarbonate, chloride, and carbon dioxide.
These analyses will be conducted with the use of Hach or CHEMetrics colorimetric or
titrimetric test kits as designated in Table 4.4 of the Work Plan. Each of the tests are to
be conducted in strick adherence to the manufacture's specifications.

9.2 LABORATORY ANALYTICAL METHODS

To achieve the objectives of Quality Assurance/Quality Control, EnChem will perform
all chemical analyses on environmental samples according to the procedures and
requirements from either: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, Third Edition (SW-846) or Methods for Chemical Analysis of Water and
Wastes, revised March 1983 (EPA 600/4-79-020).

All physical analyses will be performed using either: Standard Methods for the
Examination of Water and Wastewater, 17th Edition, or American Society for Testing
and Materials (ASTM), current testing standards.

Specific analytical methods to be used are presented in the attached Table 5.1 and 4.4 of
the Work Plan.
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10.0 DATA REDUCTION, VALIDATION, AND
EVALUATION

10.1 DATA REDUCTION

Analytical data generated during each Investigation will be compiled and organized into a
database by SLWO for use in developing each Report of Investigation. All laboratory
data are generated and reduced following guidelines specified in SWLO's QAPP.

All analytical reports will be submitted directly to CCI, unless otherwise requested.

10.2 DATA VALIDATION

Data validation procedures determine which data are usable, usable with qualifications,
or unusable. Guidelines for performing validation of organic analytical data are provided
in Laboratory Data Validation, Functional Guidelines for Evaluating Organics Analyses
(U.S. EPA, 1988). .

The following should be considered in the validation process:

• holding times;

• blanks;

• surrogate recovery;

• matrix spike/matrix spike duplicate;

• field duplicate;

• overall assessment of case data;

• quantitation limits; and,

• tentatively identified compounds.

Guidelines for performing validation of inorganic analytical data are provided in
Laboratory Data Validation, Functional Guidelines for Evaluating Inorganics Analyses
(U.S. EPA 1988). As above, EMR will validate the inorganic analytical data in
accordance with the document.
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The following should be considered in the validation process:

• Holding times

• Blanks

• Duplicate sample analysis

• Matrix spike sample analysis

• Field duplicates

• Detection limits

10-2



ACP Pilot-Scale Study Quality Assurance Project Plan
EMR Project #5427-001

11.0 INTERNAL QUALITY CONTROL CHECKS

11.1 INTERNAL QUALITY CONTROL CHECKS FOR FIELD SAMPLES

To monitor sampling proficiency and laboratory performance, QC samples including trip
blanks, equipment rinsate blanks, and field duplicate samples are collected and submitted
with the samples collected in the field. The combined laboratory and field QC sample
results will provide an adequate database for evaluation of analytical data. Unless noted
otherwise, the QA/QC samples will be collected and analyzed for the same constituents
as all the other samples of the particular matrix. The frequency of QA/QC sample
collection is detailed in Table 4.5 of the Work Plan.

11.1.1 Trip Blanks
Trip Volatile Organic Compound (VOC) blanks will be prepared by the laboratory using
distilled water and will be shipped with the other sample bottles. The trip blanks will be
shipped to the laboratory with the field VOC samples as a check on possible
contamination during sample storage and shipment. Trip blanks are to be collected for
VOC samples only, and at a rate of one per each shipping container containing VOCs.

11.1.2 Rinsate Blanks
Rinsate blanks are prepared by collecting distilled water used to rinse decontaminated
sampling equipment. Analysis of this water checks for cross-contamination from non­
dedicated sampling equipment. Rinsate blanks are to be collected from re-usable
sampling equipment and analyzed for VOC, at a rate ofone per day.

11.1.3 Field Duplicate Samples
Two samples of soil or ground water collected at the same time and location, and
analyzed in the same manner are called duplicates. One sample is referred to as the
original while the other is the duplicate, or co-located sample. Duplicate samples will be
collected for VOCs, methane, ethane, ethene, and geochemical parameters at a rate of at
least 1 per every 10 samples collected.

Soil field duplicate samples will be collected as replicates by longitudinally splitting the
soil core or sample into two equal portions with the soil knife and placing the portions in
different sample bottles. Ground-water duplicate samples will require collecting separate
bailers of water from the same well, and individually analyzing the samples collected
from each one.

Soil duplicate samples, when collected, processed, and analyzed by the. same
organization, provide precision information for the entire measurement system including
sample acquisition, matrix homogeneity, handling, shipping, storage, preparation, and
analysis.
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11.2 INTERNAL QUALITYCONTROL CHECKS FOR FIELD MEASUREMENTS

Field measurements are performed on-site and do not involve samples that are collected
and retained, therefore quality control checks are limited to calibration and checking the
reproducibility ofmeasurements by taking multiple readings.

11.3 INTERNAL QUALITY CONTROL CHECKS FOR LABORATORY ANALYSIS

The laboratory prepares and analyzes a variety of internal QNQC samples including
blanks, reagent blanks, matrix spikes, matrix spike duplicates, calibration check samples,
performance check samples, etc. The frequency of their analyses are detailed in Table
4.5 of the Work Plan. The laboratory's QAPP contains detailed information concerning
the number and frequency of analysis of these types of samples.

Matrix spikes and duplicates are collected in the field and will be completed on 5 percent
of samples. Soil will be collected as part of the original sample. Four ground-water
triplicate samples will be collected. Matrix spike and duplicates will be completed for
the same constituents as the actual sample. For organic parameters (VQCs) a matrix
spike and matrix spike duplicate will be completed. For inorganic parameters a duplicate
and matrix spike will be completed. Matrix spikes and duplicates will not be completed
for pH.
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12.0 PERFORMANCE AND SYSTEM AUDITS

12.1 FIELD PERFORMANCE AND SYSTEM AUDITS

The EMR Quality Assurance Manager (QAM) may schedule audits of field activities at
various times to evaluate the execution of sample identification, sample control, chain-of­
custody procedures, field documentation, and sampling and field measurement
operations. Audits are conducted as appropriate throughout the duration of the project,
and are scheduled with the Field Site Manager. The evaluation is based on the extent to
which the applicable sampling procedures are followed during field operations. A
minimum ofone field audit will be scheduled by the EMR's QAM.

The person conducting the audit is normally a senior technical reviewer who is familiar
with technical, procedural, and quality control requirements governing field sampling.
The auditor keeps a record of his evaluation using field notes and checklists. Following
the audit, the auditor reviews preliminary results with the person in charge of the
sampling. The auditor also prepares an audit report containing the results of his
evaluation and recommendations for corrective actions.

12.2 LABORATORY PERFORMANCE AND SYSTEM AUDITS

The laboratory periodically performs its own performance and system audits. The
schedule for those audits are included in the laboratory's QAPP.

12.3 AUDIT PROCEDURE

This procedure provides requirements and guidance for performing internal and external
audits to verify compliance with the elements of this QAPP.

Audit Notification: The Project Director, Project Manager, and if appropriate, other
audited entity (e.g., Field Site Manager and Laboratory Supervisor) shall be notified by
the QAM of an audit at a reasonable time before the audit is performed. This notification
shall be in writing and include such information as the general scope and schedule of the
audit and the name of the audit team leader.

Pre-Audit Conference: A pre-audit conference shall be conducted at the audit site with
the appropriate manager or designated representative. The purpose of the conference will
be to confirm the audit scope, present the audit plan, discuss audit sequence, and plan for
the post audit conference.

Audit. The audit is then implemented by the audit team as follows:
,

Checklists prepared by the audit team and approved by the CQAO will ensure depth and
breadth of audits. The checklist is intended for use as a guide and will not restrict the
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audit investigation when findings raise further questions that are not specifically included
in the checklist.

Selected elements of the QAPP shall be audited to the depth necessary to determine
whether they are being implemented effectively.

Conditions requiring immediate corrective action shall be reported immediately to the
Project Manager.

Post-Audit Conference: At the conclusion of the audit, a post-audit conference shall be
held with the Field Site Manager, Laboratory Supervisor or designated representative, to
present audit findings, recommendations, observations, and clarify any
misunderstandings. Audit findings shall be concisely stated by the audit team leader on
the field audit checklist for Post-Audit Conference. The findings will be acknowledged
by the Project Manager or designated representative by signing the field audit checklist.

Audit Report: An audit report will be prepared by the audit team leader. The report will
include the following:

Description of the audit scope.

Identification of the audit team.

Persons contacted during pre-audit, audit, and post-audit activities.

Details of [mdings and program deficiencies will be reported on an Audit Findings
Report. Each finding and program deficiency shall be identified and described in
sufficient detail to assure that corrective action can be effectively carried out by the
project organization.

Recommendations for correcting the findings or improving the QAPP.

The audit report shall be addressed to the Project Manager with a copy to the Project
Director and others as appropriate.

12.4 RESPONSE

The Project Manager or designated representative shall respond to the Audit Findings
Report by addressing the corrective action required. The'response shall be completed ..
within 20 days of receipt and shall clearly state the corrective action for each finding,
including action to prevent recurrence and the date the corrective action will be
completed.

12.5 FOLLOW-UP ACTION

Follow-up action shall be performed by the CQAO or designated representative to:

• Evaluate the adequacy of the response.
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• Assure that corrective action is identified and scheduled for each finding.

• Confinn that corrective action is accomplished as scheduled.

Follow-up action may be accomplished through written communications, re-audit, or
other appropriate means. When all corrective actions have been verified, a memo shall
be sent to the Project Manager signifying the satisfactory closeout of the audit with
copies to the Project Director and others as appropriate.

12.6 AUDIT RECORDS

Original records generated for all audits shall be retained within the central project files
that are maintained at EMR. Records shall include audit reports, written replies, the
record of completion of corrective actions, and documents associated with the conduct of
audits, which support audit findings and corrective actions as appropriate.
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13.0 PREVENTIVE MAINTENANCE

13.1 FIELD EQUIPMENT PREVENTIVE MAINTENANCE

Preventive maintenance of equipment is essential if project resources are to be used in a
cost-effective manner. Preventive maintenance will take two fonns: (1) a schedule of
preventive maintenance activities as detailed in the manufacturer's manual to minimize
downtime and ensure accuracy of measurement systems and (2) availability of critical
spare parts, and backup systems and equipment. Field instruments will be checked and
calibrated prior to their use and batteries will be charged daily, where applicable.

Contract agreements with finns providing services will specify that any and all
equipment used at the site will be maintained in safe working order. Any equipment or
device detennined not to be in safe working order by EMR field personnel or the Site
Health and Safety Supervisor will be replaced, repaired, or corrected at the
subcontractor's expense.

13.2 LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE

Preventive maintenance of laboratory equipment is perfonned according to equipment
specifications. Complete details concerning preventive maintenance is presented in the
laboratory QAPP.
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14.0 DATA ASSESSMENT PROCEDURES

The precision, accuracy, completeness parameters are indicators of data quality. EMR
will review the calculated accuracy and precision results as reported by the laboratory for
method analytical quality control samples. Outliers identified will be considered in the
completeness assessment.

14.1 PREcisION

Precision is a measure of the reproducibility of the measurements made under a set of
conditions. Specifically, it is a quantitative measure of the variability of a group of
measurements compared to their average value. Standard deviation, coefficient of
variation, range, and relative range are terms often used to express precision. For
duplicate sample measurements, precision can be expressed as the relative percent
difference (RPD). The RPD is expressed as follows:

RPD = (D1 - D2) x 100/(D1 + D2)/2

Where:

RPD = Relative Percent Different

D1 = First Duplicate Value (as percent recovery)

D2 = Second Duplicate Value (as percent recovery)

If there is no variability of a group of measurements compared to their average value then
the RPD = O. Specific precision objectives are addressed in the laboratory's QAPP.

14.2 ACCURACY

Accuracy measures the bias of a measurement system. Sources of error introduced into
the measurement system will be accounted for by using lab/field/trip blanks, surrogates,
and matrix spikes. Possible sources of error include the sampling process, field
contamination, preservation, handling, sample matrix, sample preparation, and analytical
techniques. '

Accuracy of chemical test results is assessed by establishing the average recovery. The
recovery is determined by splitting a series of samples into two -portions, spiking on~ of
the portions (adding a known quantity of the constituent of interest), and submitting both
portions for laboratory analysis as independent samples. The percent recovery is then
calculated as follows:

% Recovery = SSR-SR x 100/SA

14-1



ACP Pilot-Scale Study Quality Assurance Project Plan
EMR Project #5427-001

Where:

SSR = Spike Sample Results

SR = Sample Results

SA = Spike Added from Spiking Mix

Perfect accuracy would be defined by 100 percent recovery. Specific accuracy objectives
are addressed for routine analyses in the laboratory's QAPP.

14.3 COMPLETENESS

Field completeness is assessed by comparing the number of samples obtained to the
number of samples planned. Laboratory completeness is assessed by comparing the
number of samples yielding valid data to the number of samples overall completeness is
assessed by comparing the number of samples yielding valid data to the number of
samples planned. The completeness is calculated following data reduction and data
validation. The percent completeness is calculated as follows:

% Completeness = Number of Samples Having Acceptable Data x 100%

Number of Samples Planned
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15.0 CORRECTIVE ACTION

15.1 FIELD CORRECTIVE ACTION

If quality control audits of data result in detection of unacceptable data, the EMR QC
representative will be responsible for developing and initiating corrective action. The
CQAO will be notified if nonconfonnance is of program significance or requires special
expertise not nonnally available to the project team. Corrective action for field
measurements may include:

• Repeating the measurement to check the error.

• Checking for all proper adjustments for ambient conditions such as
temperature.

• Checking the batteries.

• Checking the calibration.

• Replacing the instrument or measurement device.

• Corrective action for sampling procedures may include:

• Evaluating and amending sampling procedures.

• Re-sampling.

• Renumbering samples.

15.2 LABORATORY CORRECTIVE ACTION

If a condition in the laboratory is discovered which compromises analytical data, EMR or
CCI will be contacted immediately. The laboratory QA officer and the EMR QAM or his
representative will address the situation immediately. AD.y action taken will be recorded
and eventually included the final QA report.
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TABLE 5.1

SUMMARY OF ANALYTICAL METHODS, PRESERVATION, AND HOLD TIMES
NIROP FRIDLEY, MINNESOTA

EMR PROJECT # 5427-001

SampUng IAppro. IAnalytical I jSamPle Icon.aIDen!
SamDIe Point IMatrix IFreanencv Sam leNDs. Method Holdlne. Tim Preservation Laborato

18 water
1 1 1

Ivocs ISWS260B 114 days IPH<2, 140 mlslass vial
Cool t04'C - 3 total

Methane, Modified pH<2, 40 ml glass vial
Designated weill 1 One sample I 2 Duplicate Bladder Pump Ethane, SWS0211 14 days

Locati (I) Water per well Grab Ethene SWSOIS Coolt04'C - 3 total

ons (IS total)
18 water Nitrate+

2S days
250 ml glass

2 Duplicate
Nitrite

E300.1 Cool to4'C
bottle

2 Duplicate I I 1:""'-;' SW9060 28 days
pH<2, 2S0ml glass

Carbon Coolt04'C bottle
DQO Level III

1 water
I I Duplicate Hydrogen J 7 days

CCI Level A IHydrogen AM-20-GAX 14 days
Room

122 ce glass vial
I Field Blank Samoler Temoerature

I Duplicate
I MSIMSD

I Field Blank 1 I IvoCs ISWS260B 114 days ICoolt04'C

Designated NewI IOnes=le I 4 Trip Blanks

Well Soil per well 7 Soil
4 Rinseate

Grab
Split Spoon

Installations!') (7 total) S=ler

I I ITotal Organic
None E415.1 14 days Cool t040C

4 oz amber gl
Carbon -I total

Bulk Density
ASTM-

None None
Shelby Tube

D2937 Blow Count
Oil Stonlge

VOCS SWS260B 14 days
pH<2, 40 ml glass vial

Contalner 4'C - 3 total
I I I

2 Duplicate
I MSlMSD

I 1 I IvoCs ISWS260B 114 days IPH<2,IS water I 1 Field Blank I 140 ml glass vial
Coolt04'C - 3 total

5 Trip Blanks

Designated weill 1 One sample· I
S Rinseate

Bladder Pump

Locati (I) Water per well I Grab Methane, Modified
ODS (IS total) 2 Duplicate DQO Level III Ethane, SW50211 14 days

pH<2, 40 ml glass vial

18 water
7 days

CCI Level A Ethene SWSOIS
Coolt04oC - 3 total

2 Duplicate
Nitrate+

EJOO.I 2S days Cool t04'C
250 ml glass

Nitrite bottle

I 2 Duplicate Hydrogen
Hydrogen AM-20-GAX 14 days

Room
22 cc glass vialIS water I Field Blank Samoler Temoerature

VG-INJ-I

I IOnesample I II Du r pH<2, 40 ml glass vial
VG-INJ-2 Oil ~,,:,e!! 3 oil/water I M::~ Grab Bladder Pump VOCS SWS260B 14 days
VG-INJ-3 Cool to 4°C - 3 total

(I) Wells include MS-46S, VG-MW-I thru VG-MW-9, 27S, MS-47S, VG-CW-I thru VG-CW-3, and VG-INJ-I thru VG-INJ-3.

(2) Wells include VG-MW-2 thru VG-MW-5, VG-INJ-I thru VG-INJ-3.

(3) MSlMSD - Matrix Spike / Matrix Spike Duplicate
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Certificate of Completion

Congratulations, Scott J. Carney! You have completed the HAZWOPER Annual Update Refresher
Course. Your score is shown below the certificates on this page. To print your certificate use your
browser's print function or press CTRL + P.

Certificate ofTraining
IT HAZWOPER Refresher Training Course

Iguana Training certifies that

Scott J. Carney

has successfully completed the

8-Hour Health and Safety
Training Refresher for

Hazardous Waste Site Operations
in accordance with 29 CFR 1910.120.

on Thursday, February 22,2001.

Training Director

Friday, February 22, 2002
, Expiration Date

of3

~
Iguana Training

',.' . ... 3150 Richards Road, Suite 100, Bellevue, WA 98005-4446

Iguana .
/ J'Dlni"o

J
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This recognizes that

SCOTT CARNEY
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FIRST AID BASICS

conducted by

NORTHLAND CHAPTER
Date completed 10-26-00
The American Red Cross recognizes this certificate
as valid for 3 year(s) from completion date.
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This recognizes that
Ryan'Zick,

has completed the requirements for

Workplace Training: First Aid

conducted by

EMR

Date completed 02/18/2000
The ~erical1 Red Cross recognizes this certificate
as ,-:ilid lor 3 year(5) from completion dale.

This recognizes that
Ryan Zick

has completed the requirements for

ADULT CPR

conducted by

EMR
Date completed 02118/2000
The American Red Cross recognizes tltis certificate
as valid for 1 year(s) from completion dale.

EO"d 6S9Z 6SL ZIg S~lod~6UU~W ~W3 dZO:EO IO-IO-+~O
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nus re<:QgQtZe5 thou
Daniel Field

has compl~ted the requirenlents for

ADtILTCPR

conducte<l by

Theodor Beyer

J~lS.:200
1

O:1[C complet~
".
• ,L,. "-~"c:lte

c:llI Red Cto~ tetOgIlIZd \lID ~mw

'The Arnen 1 ( ) tiVdI c:omplCUOll d1le.
2S~ (ur Ye:lr $
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FIRST AID BASICS

This recogniZes tJu[
David 'Lenzmeier

has completed the ~uirementsfor

conducted by

Theodor Beyer
Date: completed JtaWaty 15,2001
The AmertC2ll Red Cross ftcOgnizes this ce:rtiJicare
as w.lid for 3 ye;tI'(s) from completion dlue.+_.,....__. 2:::=======::::::=:_
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(--.---~~~::..~.~:·(;:.o~gt1U:';.::e-~:·~:··~t=:::~~ I·

David Lenzmeier
ha.5 Compl "ete... the: n!t'1ui ........

"l ~~.uentsfor

A.l)ULTCPR

(;()llductc:d by

TheodorBeyer
Date Comp/etcd
Tbe~erlc:m Red Cross J4lRlaIy 15,. 2/){)/
:IS~d [or 1 ....._(~)r_ /his ctrtiIicue

/- S uulll COmpleticm dar........, . ._,.". c,
-_._~- ...._---
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~__~~__, 1938

To Whom [t t·lay COncern:

l
'"7't·~:'>,-,~:t~i10UN~·~ATIR ~fNSmUn1t
~~j "IIIIIW:a: ........:I--.......~" ......,

'.

5115 Industrial Street
Mople Plclln. Minnesota 55359

(612)479'3121

have received at least 40 hours of safety training

qualifying me to work on Hazardous Waste Sites.

PUMP INSTALLATION AND SERViCeWELL DRILLING AND REPAIR'ING
, .. ,. " • ,.... ,~ A , ........... , ... A.· .... , " ... , -." ... ,. ,. .... " .... ~-_ ..
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TO: 218 723 8132

_...--------

conducted by
.\heador Seyet:

O~te completctl JonWl't'f 1~. 2001
Tbc: .wericl1\Jed Cl'Q:iS n:.:o!'Jlize:; lhi$ certiliCll

C
:IS valid lllr.) ~(,) frQm<;oltl\lletion d:rte.

has (;Qrnplctc:d the tcquu:emcnts fOt'
FIRS" AID BASICS

conductcd bv
Theodor Beyer

Datc completed JaIlWItY·l~. 2001'\'be Amc:riClll Red ('.r()$.'; reco' .:t~ valid fur I gnIZC5 tillS certiliQIeycr(s) from completion lUte.

+

763-479-2183
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Thisre

I
", ... R~&otha[~2t u I1as completed the rcquitc:mc:nts for.E"=

ADOLT CPR<t&1+I
j
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MEDICAL EXAUlNER'S CERT\FICATE

Rof3e£T iJ~rc:+jtO"**'

III _

'> IE 80 CO·Mo l/olJ, fttl,v W!15"J /1/;1) 5.53.1.';
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e

. ", . :"~' ~ " : '.. . ." ~ ,.

. EXpiration: Date·:' .
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Theodor Beyer'

[)ate completel1 Janullf)' l~.lOO\The AmeriC2ll Red 1:r0ss l'CCogt\i~ ihi.~ ttrtiliClte25 \'a!id (or I ye:Jr(s) itom cumplelion date.

This recogniZeS that.Glenn Holmen
ha.s cOInplcted the reql.lircmentS for

ADULT CPR

This n;cQgniu$ thatGlenn Hohner
hots completed the requl!'.

em~t$for
FIRST Am BASICS

10:218 723 8132

...-....._. ~- ..-....._..... --..~..... -....-_...:---

~onductcd hy
Theodor BeyerDate completed¥I. ' . JiUlUary U. 2001we Anlencan Red I'r . .3S V21id ft)l 3 ' ()l;S recognIzes this certiQClltycar(s) from c:omplellun ,I••.....C........-:.-. ..., _ __..u.
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has successfuUy completed Onsite's 40 1lour HAZWOPER training and is in
compliance with 29 CFR 1910. 120(e). This also represents completion of

training in Confined Spaces and Level A, B, C, D Ensemble.

Onsite Occupational Training
This is to certify that

Jack V. Virnala

~?z_
Daniel A. Lewis

Training Director

At

Minneapolis, MN

On

9/9/00

Expiration Date

9/8/01A
~SITE~ ocdjPAtlQNAL TRAtNING
2555 Westside Pkwy, Ste 600. A~pharelta. GA 30004

Certlflcate Number: AMMN090900·010

Student SSN: 501-70-4867
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• 0 BB Thisl~~~iJur""' ,.
0- a-
t u has completed the rcquil"cment~ for

1:1 ADOLTCPR

I ~ ll:: '.ndoa'<l b,

,:,:,1

; + Theodor BeYer
Date Completed J8I1WIry 1'.2001
The ~rlCM Red Cross . .'
as Vlllid f, 1 recogqi2es ibIS ~tic:ue

I . or ye:Jr(s) li'om compledon d:ue.
•..._~--_._- .._.-- -:-- .J

. ---------.-

...•._ _- _ -_ _ _~._--'-'-

.;.:~ ' .. :~'
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TItis recognil,C:s that
Jack VlIlla1a

h:lS completed [he requirements for

fIRST AID BASICS

c:onductcd by

TIteodor Beyer
Date complerc:d January 15.2001

The ..\IlIeriClll RL'tI (;ross reco"uzc:s thl~ certilic:ue
:1$ ~id tor 3 yeIt(s) from completion d:uc.
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Wi ....._ ......

SyphiJIa. _. ­
GorIclntIea. .
Olalleto::. .'.
~u1cer.
~us aIomach.
Rheuma1lc lawr.
A81l1ma.

Oate of Blrth:_-==--~~-=..:....-­
uNewCentbtion

HEALTH HISTORY
~ No
·0 ~
l:l -.zs
D .z
8 -i
8 ~

~ Head QI ,pnal injuries.
~ .S4izures. fils, CO/'IIIUI$Ion6,

•QI IBin1inO­-d .~ o;onfklement b'lillness
oilnjUIY_

o .,ej .C4~r dISease.
D )A Tu!le~~,

If anewar to any of t!la abOve is yea. explain: -..;.~ - _

. Yes
o
D

Cl

OCT-02-2001 10:41

o

U9tllR d L tf
u:

Absent

Absent

Soino
;;p

All'!. t7 Sugar 'it

Ele<:trQc:lt'cliograo/\ --'- - __

(ueenss or C.utllic:1l101'1 No.1

(OS1801

!1J1
(Tille I

o CHECK HERE IF HOi QUAUFl£O

Rern3rk~: -------.".-----------------:"O~---------~------
EXTREMmES: UI'llef ----liQ7~______ Lower __~...,.....;;~;y;...:.....---
LABORATORY ANO OTHER SPECIAL ANCINGS: l,lnne: Spec. Gr. __......./_Qx'-;;;I'-l.L _

Omer IabOr.l!Ory oa,.. (semlogy. elc.) _

RadioloQiClJ oara ----T---,r--------­
GENERAL OM I!NTS --~.;;<...~;-r.:..;!;:?_:r_-------------""""?..__-_,r:_.....---~":"'"""---­

~H 1/;. ~

PHYSICAL EXAMINATION
GENERAL APPEARANCE AND DEVEI.OPMENT: GOOd: \/ Fair. Foor: _
VISION: For dlst1nce: Right 201 .00..- Left 201 fi2...- 60th 201~ 0 WIthOut corrective lenses ~With COlTClctive Ianses it wom

Evidence of dlseap,e O! 'flJUrv: Ri<;1nc ~ Loft Jni
Color Test ~ Horizo~td of vision: Right g~ a Left -,D

HEARING: Right ear M Lett ear Ci.. Disease or injury _

AUDIOM£1'RICiEST (complete only If aUdiometer IS usee to test hearing) declballoss at SOO Hz _
at 1.000 Hz al2,OOO Hz ~ ~

1l1AOAT r-!
THORAX: ~8n ""J~ "orgtlnic ~~S:tolica::o is pre~7' ~ it fully COmpeM3tOd?

BlOOdllressure: Systolic~ ....QI:... _)~
PU150: 6efore exarcill9 g Q Imme<l!ately attar cxctdse 100 Lungs -_

A6COMEN: Stars r-te< Abnormal mas:;~ tf.t:r< letldCmess __,Lh"vL' .:..::: _

Hernia: Yes No V II so, where? Is truss wom1_...;;..- ~__~

GASmOIN1'ESTlNAl.: Ulceration or otner oisease: Yos No --:L--""=-- _

GENITOoURINAAy: $l;;l~ ~ Urelllmi disl:.'\arge -~&zUfr:...--------,r_-----___:__=_-
REFl.EXES; Romllefg ~ Pupillal'f_--LN:-"","_,_- _

Aet:ommOCbUOn R~tll I N L!!ft __~~~ _

Knee Jerk~: Ri1t1t; Normal V~ InCfeased __-- _

I.e": Normal V Incrcaseo _

I~I.C 01 exammaaonl {Nmlo a' .."""''''' (PrlNI

lSignahlf8 at "";mm",,

~IRtW.l0ml

(s·

1-01-,
NOTE: Mec1l~. Ex:1inlner'sC~m~ tle nrtaiMd in Dnv", Quallflcation Rlv.

e~ 19l1B J. J. KEU.ER &~ INC. Naenah. WI· USA· (lIOOl:l27.Ji86l1

( .

MFDICAL EXAMINER'S CERTIFICATE
I certify that I have 9xamiM<l .::J:<d lLr r"ala . in aCl:Of'datleo'Olim lhe Fedaral Motor Carrier Safety Regulations

. (Or.-..r; n:uno, (PllIItl ,
(49 ern 391.410391.49) :Ina wllI1 knowledge 01 hislhar duties, IllnO hinvher qualified unoer tile revJlations. .

/l!!' Qualified only when wearing COrrectllte lenses. 0~ unqualirHld unleSs accQmpBnieCI tFf I weivar.
D Qualified only wilen wean"9 a hearing aid- a MediQOy utlq\IatiflC<l unlese driving witl\io an exempt intracity ZOM.
D Qualified trt Olle~tit:n 0149 CFR 391.6<1.

A eomplet axaJ11in3llOn IOrm tor lI1i$ per.lon i6 on 1iI.8 In my office. ----~...!!..:.-'-1'7.'::::_:e~~::;:::::":':~~-------
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EMR FIELD FORMS



EMR FIELD FORMS INDEX

Visual Classification of Soils

Headspace Analysis Log

Well Development Ponn

Slug Test Report

Groundwater Collection Log

Vegetable Oil Injection Ponn

Temporary Staging Area Inspection Ponn



GROUNDWATER COLLECTION LOG

INCORPORATED

DATE: PROJECT NUMBER:
PROJECT NAME: SAMPLE ill:

PUMPTYPE:
SAMPLE LOCATION: PURGE RATE:
SAMPLED BY :

WELL DIMENSIONS
Static Water Level (ft):
Filter Pack Thickness (ft):
Well Depth (ft:)
Well Diamet~r (in):
Casing Diameter (in):
Screened Interval (in):

SAMPLING INFORMATION
Analytical Parameters:
Previous Event

Elevation:
DO:
Eh:
Cond.:
pH:

o

o

o

PURGE CALCULATIONS
Standing Water Column (ft):
I Casing Volume (gal):
I Well Volume (gal):
Filter Pack Saturated Thickness (ft):
Filter Pack Volume (gal):
Recommended purged volume:
3 Well Volumes

WELL HEAD CONDITIONS
Protective Cover:
External Surface Seal:
Concrete Pad:
Cap:
Datum Reference:
Internal Surface Seal:

o
o
o
o
o
o

WATER QUALITY MEASUREMENTS

~ :z: :z:
~~

"'l "'l

tJi ~ ~;:.J
g ~ ~ ~$' h Fil..l ;:.Ju

0,... ~i15 0,... 0""

~i
:>-; = 00

llo< Q~ Q~ ~,§. COMMENTS
Q.!9 llo<

u= ~ ~~ ~,§. ~="'l "'l
g"'l~ u~ ~ ..l ..l i:~ §-=- 0 0
~;:.J rIl rIl

rIl rIlllo< .... ....
><"'l Q Q

llo< 0
CI:l

Comments:

Serralwork/projectsltemplate/field/gwsample.xls



HEADSPACE ANALYSIS LOG

I FIELD HEADSPACE ANALYSIS I
IPROJECT NAME: PROJECT#: I
ILOCATION: I
AMBIENT OUTSIDE TEMPERATURE:
HOLDING TEMPERATURE:
WEATHER CONDITIONS:
INSTRUMENT MAKE AND MODEL:
DATE OF LAST FACTORY CALIBRATION:
FIELD CALIBRATION GAS USED AND CONCENTRATION:
DATE AND TIME OF LAST FIELD CALIBRATION:
LAMP ENERGY IN ELECTROVOLTS:
INSTRUMENT GAIN SETIING:
ERRATIC INSTRUMENT READINGS:
CLEANING OR REPAIRS PERFORMED IN THE FIELD:

IDATE: PAGE OF I
II(§,~MgII;J!@IlIIJR~~m~B::~j;.p~$£tI1lIBM;@~ll~J~gI~~~]§.N1"I~:cmIIIIl

,

.' '.

,

-.

Serra/worklprojects/template/field/headspace.xls



INCORPORATED

WELL INSTALLATION DATE

PROJECT NAME:
PROJECT NAME:
LOCATION:

VEGETABLE OIL INJECTION FORM
PROJECT#:
SAMPLING POINT:
SAMPLE ID:

EMR SUPERVISOR:

WELL DEPTH TOC FT:

DEPTH TO WATER FT:

CASING DIAMETER ID FT:

BORING DIAMETER FT:

DEPTH TO BOTTOM OF WELL SEAL FT:

FORM COMPLETED BY:

CONTRACTOR:

CREW:

START DATE:
END DATE:

DIAMETER FACTORS (GAUFT)
DIAMETER (IN): 2 3 4 5 6
GALLONS/FT: 0.163 0.367 0.654 1.02 1.47

WELL VOLUME (IN CASING) = WATER COLUMN * WELL DIAMETER FACTOR

789
2 2.61 3.3

(A) GAL

STANDING WATER IN SAND PACK =
WATER COLUMN BELOW SEAL (FT) * (BORING DIAM. FACTOR - WELL DIAM. FACTOR) * 0.3

(B) GAL
SINGLE STANDING WATER VOLUME =A + B

(A + B)

EVACUATION I STABILIZATION TEST DATA

GAL---

ACTIVITY START

TIME
END ELAPSED INJECTION VOLUME INJECTED (GAL) INJECTION INJECTION COMMENTS
TIME TIME MATERIALS OIL WATER PRESSURE RATE

PUMPING START TIME:
PUMPING STOP TIME:

WATER LEVEL:

WATER LEVEL:

ICOMMENTS:

Serra/work/projects/template/well form.xls



ort

Total Well Depth (Installed):

Tester Name(s):
WeIlID:
Installation Date:
Development Date:

Depth to Top of Screen:

Date:
Project:
Project Number:
Drilling Method:

Boring Diameter:
Screen Diameter: Depth to Bottom of Screen: Total Well Depth (Measured):
TOC Elevation: Static Water Level Product Present (Y/N)

Static Product Level:

Transducer Rating:
Slug/Bailer Dimensions:

Time Interval:
Start Time: End Static Water Level:
End Time: MaxiMin Water Level:
Data File Name: Test Time - MaxiMin:

Transducer Depth:

~~.1II1W~tnent¢pDPitioriSB~
Time Temp Weather Humidity Wind Ground/Surface Conditions

(A rox (General) Veloci Direction



VISUAL CLASSIFICATION OF SOILS

INCORPORATED

Logged by:
Boring Depth:
GW Encountered
Static GW Level:
Location:

EMR Project Name:

EMR Project Number:

Note:

Drilling Information

Drilling Contractor:

Drilling Method:

Drillers Name:

Borehole Diameter:

Sampler Type:

Event Information

Boring #:
MW#:
Surface Elevation:
Start time/date:
End time/date:

'"
t::

C 0co
~

bIl ..,
l1.l ... t::

i: > ~ :0 bIl bIl <U

g 0 t:: 0 U
~ u t:: <U :0 ..J S

£ .E ~ 0 ~ ~ <U U '" Soil Classification!
.~

"0
~ :.a '"

~ l1.l t:: 0 <U Descriptionl1.l ]-
l1.l ::l ::l g U0 ]- u

~ t!; g<U fIl
<U > 0 UfIl <U UlfIl 5: fIl

:>

0

0-4

2

3

4

5
4-8

9

8-12

10

11

Serralwork/projects/templatelsvcl.xls



r
-
-

T
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

II
'.

}
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
N

N
N

N
N

N
N

N
-

-
-

-
-

-
-

-
D

ep
th

(f
t)

tI
l

0
0

'-
I

0'
1

V
l

~
W

N
'-

I
0

\0
0

0
I'

-I
I

1
0

'1
,

IV
l,

I
~
I

W
,N

I
0

I
I

I
I

I
,

I
I

I
I

I
I

I
I

I
I

I
I

I
I

,
I

::I
. =' OQ

S
am

pl
e

z c
In

te
rv

al
g. '"

S
am

pl
e

:-!

R
ec

ov
er

y

E
va

cu
at

io
n

~
R

at
e

0

G
ro

un
d

w
at

er

P
ID

IF
ID

R
ea

di
ng

s

G
C

R
ea

di
ng

1. '"
G

ra
ph

ic
!:? ..

-
L

og

U
SC

S
"

C
la

ss
if

ic
at

io
n

en 0
O
~

(1
1

(
')

'"
-

,
(")

el
::I

.
'"

'0
_

.
::t

::n
.(

"
)

o
l»

t:l
::to

."
0

S.
~

'" ~ :t!
'

0

e
e

e



TEMPOARY STAGING AREA INSPECTION FORM

INCORPORATED

Inspection Date:
Inspector Name:

Time of Inspection:
Weather Conditions:

SOIL TEMPORARY STAGING AREA
Ground Cover Conditions Beneath/Adjacent to Rolloff Box:

Condition of Rolloff Box:

Condition of Rolloff Box Cover:

Condition of Rolloff Box Liner:

Percentage of Capasity

Signs of Spills:

Signs of Leaks:

Actions taken to remedy any observed problems:

LIQUID TEMPORARY STAGING AREA
Condition of Ground Cover Beneath/Adjacent to Rolloff Box

Condition of Rolloff Box:

Condition of Rolloff Box Cover:

Condition of Rolloff Box Liner:

Condition of Rolloff Box Door and Gasket

Percentage of Capasity

All Drums Properly Labeled and Sealed:

Condition of drums:

Signs of Leakage:

Signs of Spills:

ctions taken to remedy any observed problems:

Thealwork/projects/template/storinsp.xls



INCORPORATED

PROJECT NAME:
PROJECT NAME:
LOCATION:

WELL DEVELOPMENT FORM
PROJECT#:
SAMPLING POINT:
SAMPLE 10:

DRILLING METHOD: SUPERVISOR
PUMP METHOD S : CONTRACTOR

SURGE METHOD S : CREW
WELL INSTALLATION DATE START DATE: END DATE:

WELL DEPTH: CASING DIAMETER:

DEPTH TO WATER: DATE: TIME:

DISCHARGE RATE = m x 0.00223 = cfs.
PUMP INTAKE OR BAILER SET AT: FT. BELOW MP

lSAMPLE APPEARANCE: IODOR:

DIAMETER FACTORS (GAUFT)

DIAMETER (IN): 2 3 4 5 6 7
GALLONS/FT: 0.163 0.367 0.654 1.02 1.47 2

I EVACUATION I STABILIZATION TEST DATA

TIME pH SPECIFIC

CONDUCTANCE
(umhos/cm)

TEMPERATURE WATER LEVEL CUMULATIVE VOLUME
(C) (tt) OF WATER REMOVED

FROM WELL
(gallons)

PUMPING RATE

(gpm)

PUMPING START TIME:
PUMPING STOP TIME:

ICOMMENTS:

IFORM COMPLETED BY:

WATER LEVEL:
WATER U~VEL:

Serralworklprojects/templatelwell form.xls



ATTACHMENT C-3

ASTM D"4750-87 DETERMINING SUBSURFACE LIQUID LEVELS
IN A BOREHOLE OR MONITORING WELL



~t Designation: D4750 - 87

Standard Test Method for
Determining Subsurface Liquid Levels in a Borehole or
Monitoring Well (Observation Wel1)1

This ltand4nl is issued uOOet !he lilted desisDatiOll D 47'0; !Ill: nWllbcr imlllldiPtcly fOlIowiac tile d~lion /QdicalX:a the year of
orisUlai adoption or, in the case ofta'isi0ll. tfIt year ofllSt fnision. A llUlIlbcr i.D parentheoea itldicatcs the ,car of Ia1 reapprtMl. A
,"~ncript ~Jo" (.1 indiQlUCS au witorlal d1lIqe $iocc t1It: last reviliOD or reapproval.

J. Scope
1.1 This test method describes the procedures for mea­

suring the level of liquid in a borehole or well and deter~
mining the stabilized level of liquid in a borehole.

1.2 The test method appli~ to boreholes (cased or
uncascd) and monitoring wells (observation wells) that are
vertical or sufficiently vertical SO a flexible measuring device
can be lowered into the hole.

1.3 Borehole liquid-level measurements obtained using
this test methorl will not nec~nri1y comspond to the level
of the liquid in the vicinity of tbe borehole unles..41 sufficient
time has been allowed for the level to reach equilibrium
position.

J.4 This test method generally is not applicable for the
determination of pore-pressure. changes due to changes in
stress conditions of the earth material.

1.S This test method is not applicable for tbe concurrent
determination of multiple liquid levels in a borehole.

1.6 The values stated in inch-pound units are to be
regarded as the standard.

1.1 This standard may involve ha2ardous materials. oper­
ations. und equipment. This standard does not purport to
address all ofthe sciffry problems associated with its use. It is
the reSfJ(>n.~jhi/ilY 0/ the user of this standard to establish
apprnpriate safet.v and health practices and determine the
applicability ofregulatory limitations prior 10 WI.

2. Referenced Document

2.1 ASTM Standard:
1>653 Tenninology Relating to Soil. Rock, aDd Contained

Auids2

3. Terminology
J.I Descriptions ofTerms specific to This Standard-
3.1.1 borehlJ/e-a hole of circular cros.c;..section made in

,soil or rode to ascertain the nature of the subsurface
materials. Normally, A borehole is advanced using au auBer,
a driU, or casing with or without drilling fluid.

3.1.2 tturh material-soil. bedrock, or fiU.
11.3 ground-water level-the level of the waler table

sWTOunding a borehole or weD. The ground-water level can
be represented as an elevation or as a depth below the ground
surface.

3.1.4 Iiql4id level-the level of liquid in a borehole or wet!
at a particular time. The liquid level can be ~ned as an
elevatiot'l or as a depth below the top of the land surface. If
the liquid is ground water it is known as water level.

3.1.5 monirorillg wen (observation well)-a special wen
dnlled in a selected location for observing panmlcter'S such as
liquid level or pressure changes Of· for collecting liquid
!Wlmples. The well may be cased or uncased. but if cased the
Casing should bave openings to allow Dow of borebole liquid
into or out of the casing.

3.1.6 stahUized borehole liquid level-the borehole liquid
level which remains essentially constant with time. that is,
liquid docs not flow into or out of the borehole.

3.1.7 top oj borehole-the surface of the ground sur-
rounding the borehole. .

3.1.8 water table (ground-water tab/e)--the surface of a
ground-water body at which the water pressure equals
atmospheric pressure. ~rth material below the ground-water
table is saturated with water.

3.2 Definitions:
3.2.1 For definitions of other terms used in this test

method, see Tenninology D 6.53.

4. Significance and Use
4.1 In geotechnical, hydrologic, and wastc-manaeemeat

investigations, it is frequently desirable, or required. 10
obtain information concerning the presence ofground water
or other liquids and the depths 10 the ground-water table or
other liquid surface. Such investigations typica1Jy include
drilling of exploratory boreholes, performing aquifer tes1s,
and possibly completion as a monitoring Or obServation wdJ.
The opportunity exists to record the level of liquid 10 sucb
boreholes or wells, as the boreholes are being advanced and
after tbeir completion.

4.2 Conceptually. a stabilized borehole liquid level reflects
the pressure of ground water or other liquid in the earth
material exposed along the aides or the borehole or wd1.
Under suitable conditions, the borehole liquid level and the
groun<J..water. or other Uquid,level will be the same, and the
fonner can be used to determine the latter. However, when

.earth materials are not aposed to a borehole, such as
material which is sealed off with casing or drillina mud, the
borehole water levels may not accurately reflect the around­
water level. Consequently, the user is cautioned that the
liquid level in a borehole does Qot necessarily bear a
relationship to the ground-water level ot the site.

4.3 The user i5 cautioned that there are many factors
which can influence borehole liquid leVels and the iDtcrpre­
lalion of borehole liquid-leva measurements. These (actors
are not described or discussed in this tC$t method. The
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4t D4750

interpretation and l1pplicatioo o(borehole liquid-level infor­
mation should be dune by a trained specialist.

4.4 Installation of pie-LOmeters should be considered
where complex lU'Ound-water conditions prevail OJ where
changes in intergranular stress. other than those associated
with fluctuation in willer level, have occurred or are antici­
pated.

S. Apparatu.,
5.1 Apparatus l:onforming to one of the following .shall bewoo for measuring borehole liquid levels:
5.1.1 Weighted Measuring Tape-A measuring tape with

a weight attached to the cnd. The tape shall have graduations
that can be TCad to the nearest 0.0 I ft. The tape shall not
stretch more than 0.05 % under normal use. Steel surveying
tapes in lengths of 50, 100,200, 300, and 500 ft (20,30,50 or
100 m) and widths of 1/. in. (6 IIlm) nre commonly used. A
hlack metal tnpc is better than a chromium-plated tape.
Tapes are mounted on band-cranked reels up to 500 ft (100
m) lengths. Mount a slender weight, made ofIcad, to the end
of the tape to ensure plumbness and to pennit some feel for
obstructions. Attach the weight to the tape with wire strong
cnough to bold the weight but not as strong as the tape. This
pennits llllving the tape in tbe event the weight becomes
lodged in the well or borehole. The size of the weight shall be
such that its displacement of water causes less than a O.05-ft
(15-mm) rise in the borehole water level, or a correction shall
be made for the displacement. If the weight extend~ beyond
the end of th~ tape, a length correction will be needed in
measurement Procedure C (see 7.2.3).

5.1.2 f:leetrical Measuring Device-A cable or tape with
electrical wire encased, equipped with a wei8hted sensing tip
on one end and an electric meter at the other end. An electric
circuit is completed when the tip conUiets water; this is
registered on the meter. The cable may be marked with
graduations similar to a measuring tape (as described in
5.1.1).

5.1.3 Other MeasurillK Devices-A number of other re­
cording and non-recording devices may be used. See Ref. (I)
for more details.3

6. OdlbTlltion Ildd StaJJdardlzation
6. J Calibrate mca.~uring apparatus in accordance with the

manufacturers' directions.

1. Procedure
7.1 Liquid-level measurements are made relative to a

Tl"Jerence point. atabli!lh and identify a reference point at or
oear the top of the borehole or a well casing. Dctcnnine and
record the distance from the reference point to the top ofthe
borehole (land surface). If the borehole liquid 1evcl is to be
reported as an elevation. determine the elevation of the
reference point or the top of borehole (land surface). Three
alternative me4SUremeot procedures (A. B. and q are
described.

Nore I-[n ge1let1ll, Procedure A aDowa for greater accuracy than B
or C.. Md 8 aIl0W5 Cor &realer accuracy than C; other proc::cdutes haw: a

variet)' or accun.cies that must be delcntlined rrom the refertD<:ed "
literAture (2-5).

7.2 ProcedUl'e A-Measuring Tape:
7.2.1 Chalk the lower few feet oflape hy drawing the tape

across a piece of colored ('~nter's chaJk.
7.2.2 Lower a weighted measuring tape slowly into the

borehole or well until the liquid surface is penetrated. .'
Observe and record the reading on the tape at the reference .'
point Withdraw the tape from the borehole Bnd observe the ..
lower cod of the tape. The demarcation between the wetted
and unwetted portions of the chalked tape should be .'
apparent. Ohserve and record the reading on the tape at that ':."
point The difference between the two readings is the depth .~:.
from the reference point (0 the liquid level. '

NOTE 2-SuboleTJCDce of the .....eight aud tape rna)' temporarily:;'
cause a liquid-level rise in wells or borehole.1 having 'Very maD "diameten. This effect can be signifICAnt if the well Is in m.l~ of very
low bydraulic cooouctivity.

NOTE~Goder dry surface conditions, it Qilly be desirable to pulJ the
tape from thc well or borehole by haod, 0011& careful not to allow it to "
bacome kinked, IUld reading the litJuid mark hefon: n:windilll the tape ".onto the reel. In Ihis way, the liquid marlc On the cIuIlked part o(1he tape ....
is rapidly brought to Uu: surfuce before the wetted PlIrt of tile • dries. :;.
In cold regions, rapid withdrawal of the tape (rom the weD is nCCt5WY ".before the wet part freezes and becomt£ difficult to read. The tape must .
be protecwi jf rain is fulliq durins me:L~UremC11ts.

NOTIl4-ln lOme pumped wells, or in contaminated weJJs. a llIyer of ,:oil may float On the water. If the oiltftyer is only a fOOl or less 1JIltk. read ",
!be tape at the lop of the oil mark and use this readina for the water-lcvd ' ,
mt4SUrcmenf. lbe measuremel1t willl10t be greatly in error because the '::level oftbe oil surface in this t'a1C will differ only slightly from the level 'of the water ~urfa<:c that would be mcasu~ if no oil WlU prCSClll. [f
several fect ofoil are present in tbt weD, or it'it is nc:c=ary to know the
thickness of the oil tayer, II W81cf.<fe(eClor pa$tt for detecting water ill oil
and ~iDe storage tanks is available commr.rciaJl)'. The pute it
4pP1kd to the lower end of the tape that is 5\lbmelled ia the well. It will
&how the top or the oil as a wet \inc and 1M tor of the water 1lI a distinctcolor change.

7.2.3 As 3 standard of good practice. the observer should
make two measurements. If two measurements of r.tatic
liquid level made within a few minutes do not agree within
about 0,01 or 0.02 ft (generally regarded as the practical limit
ofprecision) in boreholes or wells having a depth to liquid of
less than a couple ofhundrcd feet, continue to measure until
the reason for the Jack of agreement is detennined or until
the result.. are shown to be reliahk Where water i$ dripping
into the hole Or covering its wal~ it may be impossible to get
a good water mark on the chalked mpe.

7.2.4 After eachwelJ ,measurement, in areas where pol­
luted liquids or grOund water u suspected, dcconWninate
that part of the taoe measure that was wetted to avoid
contamination of other weDs. ", ' t.7.3 ProcedW'f: B-Elec:trical Measuring T>f'Vice: . I

7.3.1 Check proper operation of the instrument by ill- . i
serting the tip into water and noting if the contact between Ithe tip and the water surface is Tegistered clearly. " I

Non! S-II1 pumped wdb havi08 • layer ofoiIlloatiDa on the Wl1cf.the eI.eetric C4PC ri1l1Ol~ to the oiI'&u1f'1(% and, t!l\ll, tile liquid "
level dt.tenninod wiD be difTem1c tban would be dct.ennUled by • ICed "
tape. The <!ift'crenoe dcpeads on bow mueb Wlls IklatiD8 oa the"*. A '.:',miDiatun: fIoal-drlven MlCb can be put on • rwo:.conduetor electric '.:
tape that permits detection or \be SUlfate of the Uppermost naid.
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7.3.2 Dry the lip. Slowly lower the tip into the borehole or
well until the meter indicates that the tip has contacted the
surfacc of the liquid.

7.3.3 For devica with measurement graduations on the
cable. note the: reading at the reference point. This is the
lil.luid--level depth below the reference point of the borehole
or well. ..

7.3.4 For measuring devices without graduations on the
cable, mark. the cable at the reference point. Withdraw the
cable from the borehole or wen. Strcteb OUl the cable and
measure and record the distance between the tip and the
mane on the cable: by use of a tape. This distance is the
liquid-1evel depth be10w the reference point.

7.3.5 A second or third check reading should be taken
before withdrawing the electric tape &om the borehole or
well.

".3.6 Decontaminate the submerged end of the electric
tape or cable after measurements in each welt

Non! 6-The length of the electric line shout4 be cbcdccd by
measuring with a steel tape after the line bas beeo \laad for a lone time or
~er it has been pulled bard in attGmptina to he the liDe. Some dcctric
lines. apceialIy the lin&Ie line wire, ~ subject to cousidetIble penn.­
IleDI stretcb. In addition, becaU!e the probe is umaIIy larger in diaroeter
than the wire, the probe can become IodFd hi 110 wdI. Somdlmes the
probe can he attaeM! by twisticS the wires tozether by band an4 ~n8
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FtG. 2 Ex.... of. Liquid Lev"~ Form

only enough electrical tape to support thc: weight or \he probe. In this
maoner,1hc point ofprobe at1achmcnt it the weakest point of the ontirc
Uac. Should the probe become "bUIll in the bole: the line may be
pulled and bteaDse will occur at the probe atl3Clmlcnt point. aIlowina
the line to be withdrawn,

7.4 Procedure G"-Meamring Tape and SOunding Weight:
7.4.1 LoWCt' a weighted measuring tape into the borehole

or welt until the liquid suTface is reacbed. This is indicated by
an auw."le splash and a noticeable decrease in the downward
force on the tape. Obscrve and note the reading on tbe tape
at the reference point. Repeat this process until the mldinp
are consistent to the accuracy desired. Record the result &II

the liquid4cve1 depth below the reference poinl '

Non 7-The splash caa be made more audible by usUls •
"plopper; a lead weisht with a concave bottom~.

7.4.2 If the ~uid level.is deep,. or if the measuring tape
adheres to tbe Sldc: of the borehole. or for other reasoo.~ it
may not be possible to detect the liquid surface using this
method. Ifso. use Procedure A or Procedure B.

8. Detcrmlaadon 01. Stabnized LIquid Leftl
8.1 AJ liQuid OOW$ into or out of me borehole: or weD, the

liquid levd will approach. and may reach, a stabilized levet
The liquid level then will remain essentially constant with
time.
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N(JT1' R-The time required to rcacb equilibrium can be rcduocd by
removing or adding liquid untillhe liquid level is close to the ~imatM
~abifrLed levol.

8.2 Usc one or the following two prO\;el!ures to determine
the stabilized liquid level.

Y.2.1 PrOCt'tlure J-Take a series of liquid-level measu~
ments until the liquid level remains constant with time. As a
minimum. two such constant readings arc needed (more
readings are preferred). The constant reading is the stabilized
liquid level for the borehole or welt

NOT[ 9-lfdt.sire<l, the time and level data could be plotted on graph
paper ill (lrder to 5how when equilibrium is rcached.

8.2.2 Procedure 2-Take at least three liquid-level mea­
, surements at approximately equal time intervals as the liquid

level changes during the approach to a stabi1i~ed liquid level.
8.2.2.1 The approximate position or the stabiliozed liquid

level in the well or borehole is calculated using the fonowing
e.quation:

where:
I h" ... distance the liquid level must chaDge to reach the

stabilized liquid level.
I )'.... distance tne liquid level changed during the time

interval between the fltSt two liquid-level readings, and
Y2 =distance the liquid level changed during the time

intervo.l between lhe second and the third liquid level
readings. '

8.2.2.2 Repeat the above process using successive sets of
lhree measurements until the Ir(} computed is consistent to
the accuracy d~ired. Compute the stabilized liquid level in
the well or borehole:.

NOTE 10-The lime span required benw:en readings CorProcedurcs I
;and 2 depends on the permeability of the eart!i. material In materia!
wilh comparatively high JlUlll=bility (such as sand), Q few millutca may
be sufficient. In materials with comJl8l'atively Ww permeability (such ;s
c:L1y). many houn or daya may be needed. The user Is cautioned tbat in
clayey soi!ll the liquid in the borehole or wd1 may DeVer reach a
mbilized level c:qui\'alcnt 10 the liquid level in the earth materials
surrounding the borehole or well

9. Report

9.1 For borehole or" well liquid-level measurements, re.
POrt. as a minimum. the following infonnation:

9.1:1 Borehole or well identification.
9.1.2 Description or reference point.
9.1.3 Distanre between rderence point and top of

borehole or land surface.
9.1.4 Ekv,nion of top of borehole or reference point (if

the borehole or well liquid level is reported as an elevation).
9.1.5 Description of measuring device used. and lf3(1ua.

tion.
9. J.6 Procedure of measurement.
9.1.7 Date and time of reading.
9.1.8 Borehole or well liquid level.
9.1.9 Description ofliquid in borehole or well.
9.1.10 State whether borehole is cased, uncased, or con·

tains a monitoring (observation) well standpipe and give
description of, and length below top of borehole of, casing or
standpipe.

9.1.11 Drilled depth of boreholc:, if known.
9.2 For determination of stabilized liquid level. report
9.2.1 All pertinent data and computations.
9.2.2 Procedure of detennination.
9.2.3 The stabilized liquid level.
9.3 Report Forms-An example of a borehole or well·

schedule fonn is shown in Fig. I. An eumple of a liquid·
level measurement fonn. for recording continuing measure.
ments for a borehole or well, is shown in Fig. 2. An e~ample

of a borehole or well schedule fonn d~gned to facilitate
computer data storage is shown in Fig. 3.

10. Pr«:lsion and Bias

10. I Borehole liquid levels shall be measured and reo
corded to the a«uracy desired and consistent with the
aceuracy of the measuring deVK..'C and procedures used.
Procedure A multiple measurements by wetted tape should
agree within 0.02 ft (6 mm). Procedure B multiple me.asure.
ments by electrical tape should agree within 0.04 ft (12 mol).
Procedure C multiple measurements by tape and sounding
weight should agree within 0.04 ft (12 mm). Garber and
Koopman (2) de:iCribe corrections that can be made for
effects ofthennaJ expansion of tapes or cables and of stretch
due to the su.<;pended weight of tape or cable and plumb
wdght when mca.suring liquid level, at depths greater than
SOD ft (150 m).
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ALKALiNITY
l\ure:t Titr:atlpn rytetJio~~;iQsEJi4A~~~p~ ..

M~04~6ZZ1i

i;For,wa,ter.was.t~wa~~ ~11c1;~wlltcr:

p:::::r

.41[SJ
.'---- - , ..

2. 'tJSe'Il,g~dugted

t:}'(indet"9~:P!Pe.t .to·
,m~asl;lfe,~.~~ple

v~JUJ:I:l¢ Jr~m Tq/JIe.'1.
rr.ransfer·the'~pl~.'into
.f25(}.fuE erlenmeyer
'flask. ,If:Ii'ecessai'y:
dilute ,to' 50 iriLwilh
de.i~n~d··W!.l.l~.

.1. SCleCi.a&a'mplesir.e
cQrrespondihgtqil.!.e
e~p.c~ted!a:.JMlini!y'
cgncentra.ti()1l i.n ",g(L~
caldumcar~ria.te

((::~CblHfufl1iaj,k I.

. Note: Jj.tQmpl~.~;ctIn!If)"'Je
aili1.I)';edimm£lJiaiei)', .fee

SiJmplin~.iirid'Stor:aJ:e

InJln,,:jil'k the.ftf.\tt:p.t:.

PHENOi;;PBTIIAr:Ea'N'
ALKi\UIM.TY ., ..
3. Add:'lhecontents of
.on~ Ph.~Qlp.~lhalein. . .
Il1dicatorPowderPil1ow~
'Swirl' i~·mlll. .... ....

Note: six amps iif·
Phi'[Wlp/liliiilein Indicator
.~ti!u!iii~;c;Ci'.I.·~ .,"h,@~ti!d

In.nlteP);ei)dlp'JitJi4J.~iilN.ote:'Filipmti[;,!fa@ftiry.·.,f_ .. . .'
.~f ~c.cuiiJcy C1#t:k ~n~Q'''''P(l''''ofler.,,(/t(iW,

kil()~~R;tjl#.p'mcel)lIri!. N.,i(e: om;"ilt~ .fiip'ifliji1l.
IIffi(er.i~Il,~i!·-A,riH~'(, is
'!Vl!l;;~t{lo.rf!fD.£.r
rfMrtillRa!ld.is
~nIWIU!,iJd.itJ,.~.t't"r:fiJlt.~,

lJ'able 1

4; :fi.illl!25."m~ bL1.,:t
to~e7.ero mark'wilh:
h:02(JN~Sijl r~iiiA:cid ..... ' .. '. _.- . .... .

Stliridarii'SolUtion.

MLdtiptler'

"'@

"203;~ .
--_.~ ..,,"""-..¥_~_ •••

Sample. Volume, ...Stand;~dittra~tcat8109Nlirriber
'., '(m4f,'" "·');~blij,?i.n(~)~ "

'so j):9,20 '2Q3-'s3:

." ..,... .;", ~

~iI,~g~
(mWL.88 CaCO~)

.j.,.,.,......,.- '~50cf····
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S. 1i.t~ibe·sampl~
-..vNie:~ing'the fi.a,~~

:i:Jritilth¢soJUlion ~~gt:S
.fiO~'piilk,t{j:Cijl(irle,,~.,

N,Dlf::'}Vhen ui;ngu, pH
metq"ih'et;;(jp;~in,'i.
'iiJ'pl{ ,

rilL
titiant x Multi·
UUd P1ief

=!t1wL
ph'enolptittilileln
AI'!callrlliy,as
ceCo,

~~ Calciilate:'

:mL
til~111X MultiPlier
Used "
:: mgJ(

phe-nolphihalelr\'
·~ll.Uinrilty

us CaCOj"

i

.'

TOTALALKALlNITY
7. ~dd th¢ co~tetits
ofone Bf6incresQI
Green-Methyl Red:
Indiclltor:Powdcr
Pilln~'to:lhe tiir,nted,
s~mp-l~.Swirtl0;mix.

Note:'Sii diY,p:\: uf
BfJ,fiiCrf,nl Gleen..ftl/el/.iYI
ReiJJ~I,c!fc{gi'i Sji/litiMfClIrl
:!?t .fJibsl;rll!~df(l~ I~

1!(O./~~i'J§/J1 q,!~Il~~jl!th.yl
Red,PO'vder,Pi/IQlI~.- _....,. ' ..

•Ni1,~~·Sei.TlJ~iJ1:Al};U!i.irity
E/u!.fVitIJs. /iihl w./i,r'
uti('/~1UlIe t"dptJijllS.

NOle:,DlliiiJi.adil'iiididit,'T
if,,!/!Il mr,rer is,'lijii'i/;
··",.p.i!.m~~erI~\«'1,!i~d,!pr
·Nl:iD£S ·I'Cl'ortinRiand.,is
,f1!c()l1llllendedf{or.hest
r~;~/k .... .

mL
Tttiant' x ~rr:"
u~<:l

, :: riiillL
Tots.IAlkallnlty
aiCaCOJ '

':

8; C~ntinuetheJitratiop
untmihe'liJlpi"Opli~[e ~

pOihi iSreacllM"

("'..Illc:utjll~:

Tolal.mL
"'flirant' K MultiPtier

{JS-ed' ,
;~mgfL

Tolal AikaUrilty,
iiSQaGPJ" .

S~ropl(l1g:llnc:l$tp~ge:

'C()Ilect';samplesin,plal;H~'orgJass ootites; ,F.iJh~olJlplete!y,ll"ld;cap·t!ghlIY;

Avoid ,excessive agitation and prolonged exposure 10:ail" 'Samples should'
,~. anafYl.ePas.so.qn' as possibJ'eafter collection butcao,be'slored al ieast
,t4.hQUTs':bY cooling.;to4,oC (3Q nF)9r,~lo~. Warmto,r()()m tenlperature
qetor~;hn~iyti.f)g: ., '

, , ,
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'lbtaJ..Albllnit;y" End··Points:
TI1~, foUowingenet p<>i:rit~ ~. ~()rnrnendedfordetetrriinirig t6taJalkaliriiiy
',in·,watersatnples.of various'c()mpdsitjoJis,~d a.lkjlinityC()ncen~n1~i'QnJi'

Tablfi2

End'Po'~t

,pij Color
~"."""., ..:".:.",

~1,k8Ji,*ity'~,~latjQ,p.s.b.lp,'rabl,e
itotW'8.Ikalliiity·p.timanly'jhcltides,lly~,rQ~~,e; ¢arbQljatc ;D,J1~ Pj~~n.~(&;; .
'aJkaliQ!tie~.,fi1.~ ~orw~ri,~fiqn.<jfth~~ ~s;in::a.',$1mple,milY'tI¢~deten:nined!
W~",tb~e®j'jC),lphihaidrUtiid.IOtal\atidillrntie.~.arektt'oWJ1;,see. T4b.~e 'J~

.Table:3'

HYDROXIDE'~LKAUNITY CARBONATEAlllCAI,;INrrY
... "'I$"~~V~LTCf . 't~rEQU~Lt6:
... "

.'1 I?henof''tlthalein··
:1 AlkaJihi~:;~qual,:tO:Zllfo

.""'w"""".. ,,,,,,,,,,,···,,,.,:,,;,_··,,,.,,,,,,, :

: P~en.Q!p~i/:l,al.~il:'l
~.'. ,,~lcka,~i,R..~~~~I(!9·

, T~tal'AI~i:ilinitY,
.; '-"--"~~'.~' . .; ; ; ,:,...,-

';2:times.the
3 '~~~r:~lph!halein '.' .

. -A1~!iqityle,ss,th~ T()U!I!
, Alk~JifiliY

•.•••• ,1 n ••• ' •

i :2"tlmes;th'e .
,4 . J~~~'r1~f~6j,h'a,I~i~: ." .
. ,~IIa,lUl1lly,~I,JIi.I:,~oTotiJl

:A.I~IJ6.I~,· ' ...• '...

"0

..TolaEAtkaiihity.

: ·t6~i'Alkan~iW/itli~\JS
tW6~tlmes

, Plie'nolptlthalein
AJk~lhily

'2timeS1~e ., .."" "2':~m-esYlfle" ."".." ~2't1hies:tM Clifferenee :
,'5;Ph~0P.'Pt:ithClI~in; .ehtJl'lolp..b1h~I~11J :b~tWeet:i,T6tarand

:A!~lnlw'g~E!al~rtt;lan .r:nlnqsto,t~1 AI~lInlty !;p'~lptitti8fQim:
Tot~I.AII@,lnlty :iAI~a.llnlw.;
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ALKALOOTY;"~oDtinued
" .. . .. '., ".. •..... ,

1b uSethlS,table,(ollow',tbese st~ps:,

Il) Does,the phenolphtlilileiil'alkaJinity:eql1al ,.,.ef(}? lfy~s, use ~ow I'.

b}· Does the:phenolphthaleinalkalinity·~qullrtolaLolkaJ.inily?

lLyes,use Row,~,

c) Muliiply the phelJ~lplilhalein nlkiHiniry by 2.

d):Select'R0Vt' 3,'4or,ij based ,oil comparing the!r.esult qfS,t~p c wilh'
the IC>UllalkaU.!1i ty.

t) .P~r.foJ1llil:JeJ~lIired~a!~ulaii()nsif any.
'f) Cl1~~y.our re,suits.Th~ suIltof, the three:al\(alinilY ty,pts \!iiiI

eq~aLthC lotal a1kalitti~y.

For example:
AS,if/lplIHias<l70'mgIL as,CilCO.pheriOlphthaleio:alkailt1ity and'250,mglL
'~{~a¢()i:toU1l, alkalinity, What:is. ili¢ concentrntioniofhydtoxide~
carbonate :and,biclirQQnlile' ~U<aiinitiesf!,

a) The,phenolphtha1eina'I~Hrnty,d~~;:Q9~eiju,al=?~JQ:hul,170.mgtL.

:b)'TIk phenolphl!i~lejn;~Uni(y,dqe~:no~~q1I~; to.l'JI.aJktilirUty
(:17;I1J;WJ:.;'Vs250'fu~Ib). "

c) 1Jie,phencilphthaleinalkalinitymullipiied,by 2equ~1~ 340mgll..

'd) a.~:~~~;~4,O,m~/L: is:gieatei tJ1an.250rti$/Li,:,'i~l~c~ R~w 5:

'e) TIle,'hydroXide alRli.liriilydseqtiallo:

:3«>:-:~ =;~o:mg(\,. ~yl;f(ql(i~,~J!<illin~y

f) thecW"bOflale.';lj~llUi11tyis' eqlJ~lLO:

~?~.(t"'Wg #=8:6

'80x2 = 1'SClmg/LcaitX>nalEraIKaJhilty

tlle,,~i~llrbp:rWe,il,lkalinity,is,e(iual;to zerijm~/1..

g) Check:,

:~"'~ hy,~l'9x~ae:s,!l<iiliD.i~
1AA;m9I,L.~~~t~;~~i~.«y

:f .b;~g?l,;bica~itate:B1kallnliY'
. '2§O,mQ?L' . .

-rh~.:an:;wt;r;~~,<;:QlJ.'.ect,
11le sum ,6fzeacil'J~pe etjl.lalS;the;to.ta.1'alkall.riJ.iYl~O:~gii4);

1
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A~ctIricy Cbeck
End~6i"t'Conl'irtl1ati(.lD

• TO' accuralCly:dete'ririine the, phen91p'hthaleinu~alig;l[)' end p<.IiQl.Q'1i~
me conreutsolone" ~h~nolphthaleinlndica[or:Powaer'PilIowilildthe
c9ntents;Q(ol)~,pa,:8·.~J311trer Powd~f'ilJo,\ywith?O'ntL of d~ionized
water iha,250,..mL Et"tertmeyer:t1asl( The;res,ut'[in~'C(II~i~th~ end
poiqt. The:bLi~fer sol~ti.on Wl,thoiJ,ttbe:iQ9iclilorcan be' used to
stan~e a ~l:l OlCly,,",

.' to acciiMel)' ,detenn'ine the 1~~la(lr,111tnlly'en~point~Jriixl~e:~ntcnlS
9fofle.pH5.1~,BiJffer' powder,pillow and Ute. coJitenlS;ofone·
B.rontC~s()1.G~en~MC!thyl R.etllQclj~ator:P.QWd.eJ: Pillpwwiilj ~U'nili

Ohidonized Wuter'jn;i.l·25.d::mLEriel)m~y~r tl~k, ,R(:~:u::t,h,~ .
prepaiiltiiJllusifllfpH 4~8and,pH4SiBuffet Powder"Pillows;· ftlrateto
tlJe,appr'Ppriate,~colorc;:,l1ang,~.

• For~lrtltiorl':t9;nH,rl.ia4d Ol'!e pH)::7,"~.u(terPow~r PIllow t~ 50 rilL
6fdeioriized water iiia' 25o-ttiLErJellm:ey¢rmis~.'~~t!~Ql.\lhe, cUn~1..l.LS

oreme .I,lronmbet1Ql,Ltlue Indi,catorJ;>ow#erPiUowiri?p,I:ace of
;Bronicreso(~~ti~Mel11YI&e#Jn41~.l.()r; t'\e:emi:P91f1q,li';a;l;()lb~
CI,lll,nge fnjm;pufPle.. througn;blue~.to'PUte~<gteeri: The;~paied)bi.lffef,

~lLJ~'iql1,sw\(h(,luti~' i,~diiat()r-~,c~n:P,e\!J~a,t94tan~, ili¢pH rne~r.;

Slal1d,@r4A)ldilioQ.S~e,ttl~.. ;. , . '; .. .. ,
The StaJidat9ad.cli.ti~:ms;m¢'bQ9,~l1.eck:;.c;,a.n,1~'~fQame9,a~ foll~~s:

a) Snilprth~'Il~<.:kO:('(~n AllcaUl1 ity, VlJl~e(ie.An~p,ul~St~nd~rir
Soluiioii, ,mSO(hN,

b) UsclheTenSetle·Pipet toadd(Li niLof'standlird,toJhr:'sal1lple
titrated j'n:'Steps5 or 8: ,Resume' utrationback to the Same:end
¢int. R«~r4,.lllt::vOII1m¢ott.i~rdnt.:n.~e4,'

'C) Rep¢at.;u~lrtgctw~:;mQre ~,CJ.!iiti9~'Qf(tJ m,~. tbrd~elo\!h~ ~Ild
PQiJl~;a:fter:eich addition.

d) 11:fe·mL oftitianttequi'red ;shOultfin'crease-by,2iS'mL fore8A:h:
Qj 1l1L... h19n;!Ile!1t'Qfsto~p,ard"1t,l1~.d. "

;R.~sid.~r~ij1Oii't:I~jritetferencewjth' iheJfiditatc)[, mayhe:'retno~e(rby
,a9~Ji,lg,Jl:4~p ..of:O.l N §QCIium·.Th,iQ,5~t[~~e,:$~dard:$R1Ut!ort~,

WgtlJy,cQlpred.or~urbl,~ slUllpfe~·l1Jay;rJjl(~ktIW. co)or:changeaftlje,eno
point;,:tJse a pH:'meter tQftheS¢:sar,nPl~." , ,, ';'



CARBON'DIOXfOE
Buret Titration Method.

Methoo'8123"
• . , .. ,y.- ·"",~_c,-.·-:~

'For ,waitt waStewater andseawilter

HQ~~ill, lJj
; •250'ni1.· 125mL
!~:-,k ~.k·

I. Select"H\e ~nnlflle

vOlume anCl,fliilik ~;jle

'thiucorre~pondto t~:e

eipectt;dcafbon dioxide
.(CQ2)cnncen!r.llioll:,li~~
tt#H..t {*.

Ntitt:,(t~i(lnlplt:.t.diii"(I,',ht'

: ciJoI,vzcd:/mmcditlliify; ,ft-e
I SiDfrJili/1RClndS!tlfagl'
'. Jol4lWiii~, ''''t.~e~'ep,',

""-/j}\
. i,.'.

.= ......

k FiJl'il;cle:i.n
erlenmeyer flask La the
:lpprop(.iateOiaifc. (:iCe

Table{);Jr (lolisihlc.'. ..~ - -,"

'allow the water 10,
1;'ve~l()W Ihe fl;'\!;.k
severaIJim~s:

thcr.ipoiiTClIHtleexct:ss
until the appriipriale
levd ikreacl\Cd..

'Nole:op~l.,nit/~ 'OCcur/jre
~ld~r. dieci'~(.:aiihiUitm
111M.1~~/r;;IW;.·cr ffi;.Jr, ...:,ftl,;,
,wmtpl~ ~YIJjuiletit;

dl!;riiiieriiliit'(fI~Utef

mei:L~l/irfd,ill'/I'$rud'I(IJr:if

i'y/ilJJi!r.ltt"it;iililiriir~JI!i~·

iiiem;i;.·maiktire·,n;lii:k\!el.................. , .1.lL; ... ,..
Ki.l{lu·it'd.i·pc:ni~i' iir.,othrr·
.~I.iIUi?I~~"1IilIte,,'.~Iftl~.1:

.1J..
ill

3. AdCl;il1e contenl~

Mi'llie
Plic.rlnl.ptj"tb.ulej.~·

In,tl.icaiorP~l.w4er
Pillnwaml mi~g~nIJy.
'rhili so'hJt(qni~ I.~.e
prcplIred $l1fl:lpl.e.

Nflle:Fflrpmn/ti/accwury.
see;/heAly:urUeY (/heck .
frilliJWiiJ~,tlies:e,·St~ft·f.

'1fo.~:::F(J/lridmp.~nj

1i~~;~ip;ltilliit'iir';n4j"ator
Sui;i1t(j1f··~illiiw:~~';f;iiji/lted·

!tir.t/w, P.heiw'PlitM/e'Jn.
lifdiC(Jr(lT·Pin~~er;Pillil":

4. FiWa·25;inL
buretliitheUm n\ar~
~itll (l,0227 N ."
'$04iu,~Hyd~xidg
Stan¢irci:Solulioll,

Table'1'

289
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"CARBON'UIOXIDE icontinued. . . . . . . . .'. .~.'" .. ' .

.m\o
I ' ,11tr1l1t x M~ltl.

UHcI pRer

: .:,mg!l, a..-Cpz,

mL
:riirilnt x Multiplier
USed '
.~(asCO~:

:.

5.·lirrate:thi: "h~pared '6. CalcUlille:
saiitp.t¢'wijile~gently

sWlrling,d~ flask,.uolit' a
fjg~p-in.k:co.i~r ro~s

.~.n<i~i~lC; for
3Qs~<:~di;.

SaD)plln.g slid S~rag~ .
. 'Collect samplesiin,.cleanplliSticoT ghlss'bbttlcs~pm<conlpletely, and:

.~~ptightly. AV9j~ ~.,.c~~sive il-gi!a(j9Q()f:.pr:gIQnged ex~sure tp air.
'Sample shOuld :b¢,analyz~d:as sQOn'.as~p6ssibleafte.t·coJleetionbOt c@

be storeo.at:lelU;t:2~·h6uts'bfcoolii18,19,a (einperature loweTthan,that
9f,ft_ti.~ .w;aler.'S9llf'C;~. '. ., .... ' '.

A,ccurJicy'Cbeck­
SO(f(.u:maYdJ'O:dde!St8tld8r~,s~lu~ion Check
. . S,o<H\1ll)·:Hy,lirq~i({e Stan<1,l:1r<:t$.:ol-,,!~iOf):~~/!.-'c:cfjn,p'-a§lic q9.UI.~s wHJ'l()s.e

approitirililieW P~d)titsstrengthper:y'eaf: When,expOsed t<ftlieaic;
th~ sfJluHonletl9s;:t9-;~~9wlYsa~sor~':dirb@,d.i6~~de •. ca\lsi}\g a
r:ed':i.ctlon~i,tJ. st,~ngtit. F.Qt:·thi~ reas()n·.·~~o-ck'sQllitiQns~QfS()qium

ffYdro.xide$ta~@it(;t"S.()luti().rj:StfoUldibe kepI ttghtly sealed when'riot
.jn: u$~:;.In. ~44J~i(m.lill.e ,Jt~ra¢ow,~u~~t shQ:u.\9"~~fitb~~;ju~t:pri,orto,
runrti"guhe te'st orstries 6t',test~;, Any soiiJtlonJ'e:ffin tll6,'bliteraf'ter.
tile titrii.(jon h,~ ~:"c<?rl1P~~tea:.sh~~Jd:·I>e'discatded.

The:,s9Iuti99'shoIl14 ~e checJ\edimontljlypy titrating tl 50:0-inL
satl\pLc;()f'Pota,S~iurn ~ciii JJ.hlh~.Ial13Sta,JJda,.rIISolud()n~ lob mglL
CO';. ,using RlieriblPlithalein, Iildicator"So)ution. The ti ti-ciUon sh'ouId
r~qu~;~;o:o.mLpf:li~al!t. 'To:c.qf!e9.~{dra:f'!Y ~¢dllcti()njn)tlre~gth,;
diYJd:e',~lO(rby :th'enumb¢r:'6frriLteq9.m:df9t' lh)s,t\tta.\s:on, M'~'\lp\Y'
aJJ resiJll~'by,tliis;:ra(;lor. ·lfthC,v6Juriie'o'f.Sodi.~.lJji:HydroiddeSilindlird'

$oluti<)D reql#~(1 fi>rj~c; ~lration;js;gr~t,~r'(hall;S~·~Sm~;;(5%err9r).
th.e:Sod\um~Hy(froXideStandal(:l,Solutioi'Jsboula be discarded' and
rep,lace(iwitb :li(fie,s.~!supply,;
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Sf,and~rd ~ddltio~MethOd
TheSlandard additions methodc::heck can be performed,as follpws:

'ar Snap,tbe'neck off lI. CarbonpioxidcVoluett.e Al11pu1c::,S,taqdard
, ,S9111lion,H),oPO,mgJ:L 15(;0,.

J:l)lJse a 1:enSettePipe(tp iadc,iO. }.mL:o.f slaJ)dard to the titrated
prepared'saiiiplc;

e) ;Switl.gentlyt() miXa'nd agairi,titriltelo,theend;point. ;Note the
'aJ:nouni,ofaddit,ibriaI:utrantu-sedl

iJ)' J\dfW77£,11Land~0.3-tijI,.. Stlll;lda,d, increments.' u.rratin8,tom.eend.
'p.Qi!)t~t~re;l~11 :a~,PltiQn.

e) The volume oftitrant require.<hhQuJd increase:1 ;O'rrtlA6teach
:O.l-rtlL iilctemenl6f'sta.Iidard added. If theSe:increases donol
occur, see "Stantiard;'it4dillons" on,page, 26(~ection1) for,more
infonnation. '"

'SummalWc'ofMethod
th~:an~lysJsJor'c<l,r~,Q~' di,9x.ide:i$',$lr:tUa.r'''l.p:tha.t (orac;:id,bY. ,A ,water
!!:lmpJ¢':isJittaled,Jo,apilell()lpbthalern;,etid;pointarpH 8;~::With:a
SOdium Hy'droxide Stilndard:'SohltiolL Stto~g i[ijnerlil aCids are
~surn~ ·~o·~~'a1s'~I)(:~~,t~~k~ii~¢t19 ~. ,11~giigibi¢.Care,;~u~t.:be
takendi.Jdng ili(nmal~sis:,tomihiIfiize' the loss: of ¢.aibp~ iji9#di:f'ro.m
di~ water sai:@le:~a~#,111t'of<!eratl0n w.l},~n"c::pOec~ing:l:l,n(fswiHiog·
tbe!sl1:tilp·I~ •. F~I"·mor¢;iinf(}rrnatioili·see AppeliaiXA•..·cfhemi'ciil ...
lrrocedutes~Exiilti ine.tt~



fS"I.I!'··',' ~II.,'IIJ.'" ,'J

Cl·.', ' "~. "

~et.fur~8P:3;

For watetaDd :waslewater,
... ~.~':..w"',.:.;';'.;. ._, ","

B,,·~· ..-~~- '

2. Rotale,the 3. IFill a samp1e;'tt:l1. '4.PiiJan9[!;ler~eH
wavt:.efigth di~llriti 1'tlle, .willi.25:rtiLof;sample.Wiih2A,mlc;;{
:lmaJ,) d.j',s.',p',~lay ,,!!.h,',9,\N,.S, : '"'u.• ' ,deionized',waler (tlte',. 'NQte: F,lter,lllrmu ~·01fIP1('.s.: , .,' ' ',',. " .. ,,. . '" ','·blank).

4SS·nm

When'the.cQ.rreet'
\liavel~glh'isdii1l¢d in.
the display \i.'ill quickly
show: -Urn Sample'
,ihcll: iligiLj~i;

•

1. 'EntCr~the ;stored
~8nun.nU~l:ler f~r
t:hllJride.(¢I'}.

PresS: 70 ENTER

The display wiWshow:-

DiaJ',nmt()'455

NOle: Tht,:Pnllr.,Tlliu cdl
ran ~u,f('tfwilh:'lhi.f

p~edili't:,Ciltlfd"h~

1~·iiStt. s(j/utiunfrii.pnfper
4ftPfi;t;ji,.

.0. D·'
.'.' " ~

S. J:>i~t~;9;,mt,~or
'Mei:t'i1rjc"T;1lJ()CYilJl~te,'
Solution inlo,e~ch:c~.1t
'Swirliil~mix,

'6~ P,1~tJ .thnI:..af'
Ferric 'lon,Sol~ji~n into
~o¢b~~~~i~ ~,ewr"" "
Swirl·t9n~,ht.

Nole:.·M~('dJo~ .,1J/;
rfi~liJp,.if;i:liJo.!iik :i~Jiii.:t1@.,

(SH~I,t~rl

?~ Prc~'):

sHJ.FtiiU.e~

;A~two-rriiniitereactiofi

period wi1l'begin,'

'8~ Wh'eiltlie ume:r
beeps,-'tlie'display win
~~pW:' mr/L d·
'Place· the blank-idto"the
cell holder, ClciNe'the
Hghtshield.



0,:
D

.---

9. Pi'ess:;ZERO

1lJntJsp.!l1Y wiU~.Q~,;

zel'C?iqg~ .:i

then: O"O,mi(L CI:

1 J

fO.·Place,theprepared 11.PTess:'READ
.sample;jnlo·tbeccllbold~;'
'(JI~thdighl;slJj'e1d. Thedisp13)' will shOw:

Re~tliIlg. ~ .
tnen tbe result 'in

'miJ{ c:hJol'id~\CJ:) wOI
be displayed.

Note: 11iep~pc/IT!d'

sCimplt.aru}<blwilc, r:(lIItdin
".'diorll'y q~d tnUJ'i,M

'di.fp~~~d,of~Ct;~t#i.i!g.til
currenrFedtT:al; SlateUJiiiJ
locd1.iirgm~~l(s'wa~~C': .. ..

,regulationr,

Accunt "', €heck
'.: .. ~:' ~... ; .. -~". ,:.,. ";;--'

,Standa(ClJ'AdrJitioos:MethOd
:8) '!Jse~~ereij$elte PipeHp ~.C@.:(): I,m,t.O:2·~,l;.'aJ:ld.Q;~ 1l1,l."Qf:ClllQnde

. .s~S{)llllioI)t .. lboo:lll.gIL,asCl·; ():'each;()fthree'~,iilL water
sample~kMix eachlhOroughly.

bl' A!.1ll.J~':ell.¢.!J~ntn~le a.~described above.·

c) Jb.e..clJ.,Iori~econc~l.llraiion stJouldincrease4j) mg/l.foreachO:l mL
of'startdatdadded.'

d) l( these i,n~a;?es'<:Io!D()t 9Ccl,lr':l;ee"StandiIrdAdditiO,ns'~ cinpiige'26
(SECTION'/J·(or. ,rtioreirtfcitinati'dn:

Standilr'diSolutioD'iMetbod
. '. .... , ... p~p~;a'lO"O:ri1g1L,cbl'oade~stahdafdsorutioh·bYdil~li~~:5.0~rmLof

.GlUqr:iaeS(iindardSQ]u.tio*.)OOO;mgJ,L·to5QOm~'vilt.h.;d¢lQnize(Lw~ter;
,R~n~~~\t~~t:~ng:the.lO;()D1gh..chloii~e'standardinplilce:6(the,sarnple.
The results"shdtiidbe between 9iO:ai1dll;9' m8l4ctiloride.



Precision
In: a single hiboratory using aSlart4ard!\ciluiioti oLiO rriglL chloride and
tWQ I~[~o.t ~gent with,t1l~PRJ2Qt(j.:a.,5ing!e o~rator;'9ptaiJted;a
,standard'devHltion,Cif ±e.:3 mgIL chloride.

n,~rrerences

The pHO(the:'S3:JT1ph:aftera44.i1J9n ofr~agenL'i:should beibQut ~.lfthe
sample. is:strongLy, aCid 'ot'alkaline; adjtis(~ portion of sampl~ before
testing'lo,a'pElo(abo.~.t 7; Use cit.ljer~,Q NSodiLiIDHYdroXide.Standaid
Solhtiohorai:5 dilution ofpetchibric'3Cid. Use pH.paper. asmost,pl-J
electi:odes:wil1:clln~iriateth~sample·with~chl()tide .

.S~~~ry:or M~th.od
. Chloride in the sample rCalo:lSNiith mercuric thiocyanate 10 form m~l).:.uric

chloride arid liberate:thicicy$ate ion, Thiocyanate ions':read with the
ferric ions[();t()rrnan:or~llg~ fe.rri<: j.tJi()CYatl.al.eco.roplcx.'tI~e amount.Qf
this. cofu(Hex' is~ptopOrti(ftialto.lthe;chloridelo:(jncentrati()th Chloride a.t
tht:seJ~v~lsal$o'cal1,~ 4et.eril)illed directly us,thgthe Chloride'lon
&Iet:tive ;Electrode:rCat.Nt;. ·502,55:~OO),· ..



':~e9t~t8.1~7

For water. iind:'seawaur

~~n'www
.~ Fl,"""',,U____.: .. ."�_. _

2~~ .Ri:iUlteihc .~. F,Uu:salllple .t; Add'the(.'Oritenls.of
wu,Yd~llgthJi~ !Jniib~elc~lflto)h~:~$-I1lY :~~rk. .. one,jF~m.>iineJi"on .' ,
smalld!l!pl~)'.s~O\vs: witl:J·;~~l1,1pl~.. R~ageN;Sulu.ti(l~PlI19w·

'562 ·D."m' NOte: Riil.~e:gla.f.rn.i:iTi! tl)rlle,\cel.1 <th¢p'r.ep.liretl
sa".n.,l,·,'P'.·'c.l,.'S,wirl, (0,, m,:,Tx·.Ivirli,a,l:1 h,;,nrii#iJrii:'

iJi:idll~ili!~~i!iii;'¢(I:I'·c!!~r. Note: Dtlmll tJlJOIl' the
bi!fr.~Sijj:efij·iwoiJ..rr fgrs' .c~ipp~~;t;; ~T';;I~:inr(;(~NIIaL1
'41i~ lei iitViI i;t!m#t!.mllht withj'i'e4'Qtlr'enrso!tlle.pilw...:
.c!flf,t.

"NiJ~:i?·~''!I,f.!1.F",r:r!IAcc~
'/IfJlI,Rl!ogrm StjlutffJmcan
;b~.:u.~~ihn'P/~~;·~itJJ~·' .
,i"luiMtipilloM'((;firifemi{
N,o'!: IfllJl'·S.tl"'1'!~c

c.~!ltq.i!J;\·',?tS.t.'fu .
'!ilter[ere.lI,Ces. helm\:,

Whei(lhe correct
wa~elenglh,is'dialed:iti
lnedisplaywill quicKly'
stlo"": Ztlio simi 'ie. .

',C'" .. ," ,,'.--. ,....c-.. p.,..,.

:ihcn:· ;~JYL Fe' FZ

J. ,Enler the stored
progr~~l n'um~~.ior
IOlal,i~il'{F~j;
F<:rroZin:~ m.c:thod.

Press; 2 ~O:~TER

l11e,displily will iitiow:

~(!1tnm:,to ~2.,

Nolt~':ftTif!,'Pu",H1Jr:1l

Ci/l,eun:ht:useiL..:i;/i;
.IQi,(p~'(:~dur;,::

'r::::Jl ~.:_".•·..5.·EA..'"','..IC!:J ~

..iiiIIiIIiIiIIiI~...il..~IIIIIIIII!I!I..·!I.......IIIIIIIIiIIIIII_.II.,..IIIIIIIIIIIIIIIIIIIIIIIIIIII..
i .• ~I

I.'· ''IJ;/iJ,'. ~;I
'! . "" .. '1f(J)

I n ,I

--_..... 1...__...11.._-_.

s~ Press:

$,~I.Ff ®:MER·
A·fi~e~minutejeaction

~nOd;.will '~~,iri;

i{",t;:: Ay!ii!,er c.b'iJ,I:,W.l/~
d~·iinp,ifilp"·~N!".tc1f,r.

6•....F:!p np:Q*r;,~.~~~
'c~,IlH~epJ~*).~""ith
~ nli£Q(s~i~p)~. ..

'7. When·tl1e,liiner
\i~p~.the'~diipl~Y:~W
:·~\19w~'mgil1.'I'ilZ
:fiilieri1ili'C:ibIWtK'.ililo'the
cdfhOl<ter.·Close'iffi::
}igb~·:~tUel¥ '.' ." '.' .

·8.~e,~s):~9
1\he'di~i>layWiltstiow:

~~,II~ ••

,4lc:JJ::Q:.~'m84~~'~:



IRON continued.,'.', ,~ , .. , .....,'"

'9~ ,Flace the' fe ,. d'. ' . , .. p pare,
.~ple)in~o:tl1e;ceU

:hojder.,:CI~e the
Ijgh~l!hi~l~,' . >

fREAO;]

lQ. pre.ss:· R~~.D
THe di~play'will!'lih(Ni.;

:R~a,!f4t.g~ ~ :

thcn' \J:I.e.relil,diin mg/L
irc.m..wil.! hcd.iliP.).~y,~~

>~.ampIIgg·a~d'St.Q.hlgc,

Coilec[,samplesiilfado"washed.'glao;sor',phistic bOttles. To preserye
~,tPP1~si adjWt!t1l¢'$~pL~'pJ:l:to:Z o,tJes$' withilitric;aci(f;(nb(jUt 2- rilLmer
Irt~l). ,S>lJJnpJ,e~.I?~e~~,q ;!>p~Jii.$Jnanner ,can J>.e!.!i[Q,~4~Jn9 :>i~r:n()nr.h~)n,
room te'mperottire;,;J( billy dissolv.ed,irotds'IO:be :reported" fi Iter sumple
j:rnme4~i!~~lya'(t~r:;~(J,nec:~p~iim,t,~eJ6readdiH(,n. pfnitric a.cid..

»'e~gr~' re~ti.i1gi a~UIJ.~l;t!I~ sli!TJRl.e'RHto:~;';$v.ii.r.h'~llllJJonium hy~x,.ic:t~.~
A'CS'.. :-Oo:not e)i.q~ed·pa 5'a.s.:ir.orFniay pre:Cipitate.Coitecllfsl fesiJlts(or
Yolitme·.additioll.<;,; ,·see.··'(!Jnrre,;t1ti'gll)f<VOlunlt!/Ad.d~'iuns" un:ppge $6:1n-
$.e_CtJQN4ifof.:rnoT.e·<J~~il~~>jn.Jorrn.3t.i~n; . .

A~.QI'.a_~ ~t1t~d<:
$ti!i1a,~id.AdditioriS1Method.

. ;Ji) ·S1.¥.'Pt.l;_~·n~qi;,:(~ff'~!1 Jm" V~IUe.lle. AnlplJ.i~ $i~.!Iclllrd. ~:5"rng/Lf~,

~),:u~~,.the·:rei1~~t.te;;p:i~t:t() 81#LO.:1 mLqf:stariW,itlJto Iheprep.are<l.
$!.lllJpl.e,':mAA$~re.4:I~r;$(ep 10.

c) :Swfr,l,tO)DJix.~nc:ltWIOW: all()t.~er'five~rninill,erCu¢lilm~P.eriod,,ihe[)

.rneJ1,o;un:;itt~<iJ:onjc.qnc:~m.raYQO .~:lrrS~t~(>''l(j, ..
'd) 'Ap4'-tW():~~Uti;o'I\3J)O.Jrr¢: s~Qt1~r<J ~nc~ments.Ja~ing.:~

~on·~ntrati()n:Ie44ing:~f~rliill().wjl1g ,lhe"fiv¢~minute.'rea.ctloil
peiiOd ~for;,eacIHnc~rrierit .

e) '1~aChadditiODai,:i>if·tr11Unctertfe'tit ofStii'ridaitJ,)tdded !ihodld'cause;
a,o:r, mWLin<::~a.~ in tije coJ;i¢eQ~8+io.nread91gt

:1): Itlh¢se·il1c:~ase~,do:ilQrp¢cur~ see .,StlJJltfam,A'dditit)!rs "(In;page
26 in SEC710NTfOrmore iilfonllntioit .. .. ,.'...' .. ' . . '" - ~ ., ", ..'.:",'" ,..

6.:lSl



S~d.~d:~olution M¢ibocJ
iPrepare~.Q.4m~:ir011 work.ingsoJutio,11~~Jo110~S:

a) '~j¢t;:lJQO'rilL,ofir9ristt#laiirdisolution, lOOmgIL Fet'intoa
. Z5,QrOt'VQIPm~~i~fl.'~k~ , '

b) DilutetO volumewitli aeionized water; ThiSsbhitiori should'he
prepa~(i:d~iy;' AI,1~y~ lij~~ w9~l$n.g sol ~tiC)n ~or4IDg 19 the
aoove;procediire.,

PretiSion
~:,a:sillgle'~a~~o,ry;~sing.a.~t@'d~atd:s:Q~titiQn9fO;~OmgJli.irO~nY~,d<tWo

,rejireseDiativ~Jots;'ofreagentwilh,tl1e, mW201Q.a'~i11g II;:' 9peratQr' ,.
,obtain¢4;a;s~C18.rditevi~tiori:6f.±O:OO2T.m.gIL;ii:on;'" ,

Note: :DO nor
alfow:toJio//.:diy.

iNiit8{,'A:purple
'COlOr WiIJ,aBvslop,
:if-.lltitJ:lSpreSiJtit. '

'Copverand coball nUI}'-inJeifer~' to gIVt:51!ghl1y'highr~suils~

$lrongc~elat~~S.!Jl;b~,'E.~rA:wjU iItt¢rf#e-iin:the FerroZine'll:i~thPd;for,

:detenrtirtirtg,iron•• The:FertoVer;:ot·l~P1Z'·IlJ.~,tboc1SshQl1,iQ;~~u,s~f9fib.ese
'safuPle.s.,li~e'l;WZ.w~tA,Od!i,s':S4~gc:.sted!,for;lowconcentriitions;

Aii}tiof,tbe':@ee,d1gestions;gi:VCilib DIGES:RON(s£CtJoN:.t'n '~~.I.i.i,i1
; Jace'of ilie' tteatm:~nts'!below,will'emnihate,:the'fot1owlh "':intetfereiJces~.R ..'' .. , __',' .... ."" .... -, .... ',.", ",.',.' ,,,.,..',', '•.-',.~,-,'.',__ , '.' .. , ,$

;rfruStor'hYdroXides"are"preseri~the;saiifple'I,;wit.iuhe:FetrOZme'J«mJ~eag~III
~~'.iI1,S.Jep:4,~sh(),~~\}),eJ&~.Jor oll~~mji1H~ip ~'t?Q.iM9g;w~~i:t)atlHJteii'
c001~d'tO:-24,O€'(?5:~F)IIjetore p*~ing'w.Hh S~p;~~·j:b~i:¢u~';sa.mpl~'

volumeiShoulQ'beretilfucifto'25'mL witli:dei'6niZed water."
,.~,; ... ; -:." .. _- '; -'.'''.' -;; '. ';-;'. ~. ',.-' ,;" ..

;If::tliie'sample:¢()nta.ihs,m~gneJi,~i(bl{l<;Jd.r(mo~id,ej:Qr,f~~~tP~,~fQrm
;the follbwin" oredfue~ ...'"',, .,..".,:,.,g,pr..., """',,,,

,:8)' f;JU:a' 25Smh'gnlduate:dJqlioclet-wim:2$;n:t,I:.~f.;~mpl~~
!b) tr@$(~r;tJ1(;;,~mp.le·wa~~:ini9,~'l~:-,mL;e~I~Ql1l~y.er>tl~.k.,

:c): Add,lhe"COritentS.of:ohe'fetrtiZinelron,it~.¢agen(S,Qiu,ti(m,irillQw
a,nd sWitLtori)i:x;;

'd) Placetlie;fIaskon!a~hOt·piateor;oYet'aflame: a:Jld'1>ring:to;a:ib9i,l.

'~J CQlItlitu~;b9.ITI~g?g~i,ly':;fQ,r;'ZPJ()'~PJI1Wut~ ..
f) Relum:the:bOii~dsampie;to,the·gmd'Uated)tyiin~l'.®Q,S¢ithe

eilenmeyer;flask:Viitb,sm-RlFaDioU'nis,ofdeioiiized,watet'and
erti~~y.·hit~:1ttie;~lirad,~tixfc~fui~~x;'--'-' .~. ,'. ," ,

,g) ~~urJlJh~ s.841ple'Y91uiijejto--'h~:2.c5~*,I~D)!W."wi,tij.

oeiotrizedwate~~

til ~~r,!t1}~'s91Llgon',inio'~ ~~ple,ceU and's~~11itQ 'nUx.
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Summary of Method
The Feri.;oZineuql;t ~e~gentJonns8. purple colo~(hC()mpl~xwith: lnI.~e
Mrtoum~~Q~ h'Qrj i"n samples th'atctre;biiffereo toa pH':of3.5.:Thismettiod.
js':applicable fordetermi.~Jng ~#Re;l~vels C!,firoll,in chemical r~<l,gtr~tsa~d'
g1ycdls'~~d:call be u.l\~dJo AA.llIY~isJ~mple!i'coJl{airiiJ18 magnetite (black
itonoxide)'.or' feiriles'aftentealmeriCasdescribed in 1neerfe~nces.

REQtJ:fREit)·tt¢AGEN'rS·A:NJ)·APPARA'rtJS
Quim.tjtji'~uJrtid

Description' Pn-nst .. '.. (jnUCliL.N.D;
fetrriZinelrO.n ~e~g~rit So),ution:.~ju.(jw,s~~·"··:··7:··" l,pm,o.w: ,..•,.~.Oipkg,., .•." .. ,.•...2301-6.6
:Ciip~n;.,·for'O~n!J1g,pilloWs ..,: :.· , ·.•.•·'l ;,,;••.•; ; eacti..; i 968.,OO
S· .'.,. ·Ce··11 25'" '1'-. ····t..h···d:·"··· · , " .. ,.' _.. '. :209·5'O·~OO··. amI?Je·.· ," .. m&;;,~ rna c elp3Jr ·., ~••.': ".•;, :p~~ ,... ... .

'QmoN~t ·RE.AGE:NrS'
Arlirtloriium:HydroXide.·ACS....•.......; : :•.....: , 500,mL. .l{)~49

Hydrochloric ,\cidi$glui.iQn.l':l «(jNj~ ,.." :" : : 560 mt. ~..884,:49
Ferrozirfe 'IrQhReagent Solution;;; ;;'i ; ;;;. 'ii i.;'•••_".,.:., , ;; '•., •••• 1000 rriL ;~ 2aOl-53,
'Jt:Ori·~iil1dar(fSoli:iti9n. 1.00rog?I,. fe~ ~~.~.:.: ..,../.,.,.,...,:,..•.•:,~: ~ ,., ..: [99mk.~., "",)4:~7:~42
Jhm$t~d,~;$oll,l~QI1,'Yol\,l¢tt~ ~p~l~~ 2S.·glg(1,~e.;.l:():mL f6/pkg ; ;;;;i:14253,.10
;Nilftht"Add~·iAeS'i·'·.".;;; ..•..•''';''·..i.; .';.; •. :· '.;·..:; ~! •.• , , ~OO..ri1L..;·.;•...·..; 15249:
;Nitric·Ac'idL;Sohition~hi , , : 500,mL 254649
·Wai£;r.·dlioniieti.:: :.~: ..: : : ~.;; ~•..·;;.~: ;..;::,: ;..,..,';;..,~~.: ..·,4L ·..,.'-:272,.56

,OP1l0!'JAL:JWPARATUS,

.:~J:r~:~i~~f·~·ii::::::.:::::::::::::~:;.:::::.::::~::::.::::,:::,:::.:::.::.::::::::'::::'::::::~:;:~::::::::::::::.I.~~~ ..
I)rop~r~·:c.~tlb.~~~~d.,tt~"mL& 1.OirnL.mark ; ,•.,.. 6/pRg:-;; ..,.;.,.;.2.3:L85-06

,;~::~~~Z:~:::~~,~~;,:t.;¢jZ·~·a::::·::::::::::.:·:::·:::::.:.~~::::::::::::::::::::~~.::::~::::.:~.=~::::::::::.:::::::::~~~~'
:ij91·;plat(:,.) ·i12.:"·idflliJj~e.r; I~O:.ya¢ : ·.....•; ;; ;;.;·.·;.,;.;•.;.,~ch~~ ,,; ;12067.q)r
Hot;·plate•. 3 112"idimnetc'c; 240Va~,~ ~ ~..•.. ~: ;" ·.,~., .' ,eac.~, ,.f2~7,.()i

iPWtnc!i,~~t.~l'.~p~pt;r; t~():l ..~pl:l. ···, :"..::.,!,: ,::,:."·, •." •.,,,.,· $:'rQI,W·pkg; ,J-91.33:
pH:;Me.ter~ ECIOl pQrtable;;;i.;.·.;••. ;,;.;;;;;~.;;;;;;,;.;·.;,· ;;;.~ .. ;; ~ ;.;.,;.;e·ach; ;.5{)()5mOO'
;p~pet:; TetJ$ett~!O~} t9 to ri\L; ;; .: ;•.~; ~~:, , ".1:9too,.O.l
,Pl~t.1ip.s,.t()rl:9.l,()(HjJ·T.e!1S~tte·;Pipet •......, , ,5.()/pkg;;..•;..;;..-.~2r8s6f96
:P.OUf.;':Thfu:€ellA:ssetnbliKii' ;;;~.; ~, " : , :..:.;: ~ ;: : ~ ;,eapb;.: ;; 452J~~;
ThennoJrieie1",:":20;lo \t05,QC each 1877:'OJ
wal¢t·:ai&':wjtks~·mpi¢,cell~~~k~.~ ; ;:·.~;.;: ;:~ ;::;;;;::;;;;~.;:;;:;,;.;:.~.::; ·~~th; 1:9$5~~5·



MANGANESE, DR (0 to 20.0 mgIL)
Method 8034

For water and wastewater

Periodate Oxidation Method* ; USEPA Approved for reporting wastewater analysis
(digestion is required; see Section II)··

2. Rotate the 3. Place the 10-mL
wavelength dial until the cell riser into the
small display shows: cell compartmenL

S2Snm

4. Fil.l a sample cell
with 10 mL of sample.

Note.' Toral manganese
determination needs a
prior disestion; use-the
mild digestion (Section Tn

Note,' Adjust pH ofstored
samples lHifore analysis.

52Snm

When the correct
wavelength is dialed in,
the display will
quickly show:

Zero Sample

then: mgIL Mn HR

1. Enter the stored
program number for
manganese (Mn)
periodate oxidation.

Press: 2 9 5 ENTER

The display will show:

Dial om to 525

Note: The Pour-Thru Cell
can be used with 25-mL
reagents only.

rl:r
8

5. Add the contents of
one Buffer Powder
Pillow. citrate type.
Swirl to mix.

6. Add the contents of
one Sodium Periodate
Powder Pillow to the
sample cell (the prepared
sample). Swirl to mix.

NoIe: A violetoolorwillfonn
ifmanganese ispresent.

Note: Accuracy Is
not affected by
undissolved powder.

7. Press:

SHIFTTIUER

A two-minute reaction
period will begin.

8. When the timer
beeps. the display will
show:

mgILMnHR

Fill another sample cell
with 10 mL of sample
(the blank).

• Adapted from Standard Methods for the Examination ofWarer and Wastewater.
U Fedtral Register. 44 (116) 34193 (June 14, 1979). .
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MANGANESE, DR, continued

This display will show:
Zeroing..•

then: 0.0 mgIL Mn HR

12. Press: READ

The display will show:

Reading•••

then the result in mgIL
Mn will be displayed.

.. KMnO.
Forms. Mn

MnO;

11. Within eight
minutes after file timer
beeps. place the
prepared sample into
the cell holder. Close the
light shield.

9. Place the blank into 10. Press: ZERO
the celI holder. Close the
light shield.

Sampling and Storage
COllect samples in acid-washed plastic bottles. Manganese may be lost by
adsorption to glass container walls. Adjust the pH to less than 2 with nitric
acid (about 2 mL per liter). Preserved samples may be stored up to six months
at room temperature. Adjust the pH to 4 to 5 with 5.0 N sodium hydroxide
before analysis. Do not exceed pH 5. as manganese may be lost as a
precipitate. Correct the test result for volume additions; see "Correcting for
Volume Additions" on page 56 in SECTION I for more information. Ifonly
dissolved Mn is to be determined, filter before acid addition.

~..

.Accuracy Check

.Standard Additions Method
a) Fill three 25-mL graduated mixing cylinders with 25-mL of sample.

b) Snap the neck off a Manganese Voluette Ampule Standard
Solution; 250 mglL Mn. .

c)· Use the TenSette Pipet to add 0..1, 0.2 and 0.3. mL of standard,
respectively, to the three mixing cylinders. Stopper each and
mix thoroughly.

d) Transfer only 10 mL of each solution to the lO-qlL sample cells.

e) Analyze each standard addition sample as described in the
pr~ure. The manganese concentration shollid increase 1.0 mgIL
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MANGANESE, HR, continued

. for each 0.1 mL of standard added.

t) If these increases do ,not occur, see "Standard Additions" on page
26 in SECTION I for troubleshooting infonnation. .

Standard Solution Method
Prepare a 10.0 mgIL manganese standard solution by pipetting 5.00 mL of
Manganese Standard Solution, 1000 mgIL Mn, into a 500-mL volumetric
flask. Dilute to the mark with deionized water. Or, prepare this'standard .
by diluting 4.00 mL of a High Range Manganese Standard Voluette
Ampule, 250 mgIL, to 100 mL. Prepare these solutions daily. Run the test·
using the 10.0 mgIL Manganese Standard Solution. Results should be
between 9.0 and 11.0 mglL Mn..

Interferences
The following may interfere when present in concentrations exceeding
those listed below:

Calcium 700mgIL

Chloride 70,000 mgIL

Iron 5mgIL

Magnesium 100.000 mgIL

Highly buffered samples or extreme sample pH may exceed the buffering
capacity of the reagents aI!d require sample pretreatment; see pH
Interferences in Section I.

Precision
In a single laboratory using a standard solution of to.OO mg/L manganese
and two representative lots ofreagent with the DRl2010, a single operator
obtained a standard deviation of ±0.06 mgIL manganese.

Estimated Detection Limit (EDL)
. The EDL for program 295 is 0.6 mgIL Mn. The EDL is the calculated

lowest average concentration in deionized water matrix that is different
from zero with a 99% level of confidence: For more information on
derivation and use of Hach's estimated detection limit, see SECF/ON I.

Summary of Method
Manganese in the sample is oxidized to the purple pennanganate state by
sodium periodate, after buffering the sample with citrate. The purple color
is directly proportional to the manganese concentration.
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MANGANESE, DR, continued

REQUIRED REAGENTS
. Cat. No.

High Range Manganese Reagent Set ( I00 tests) 10 mL. 24300-00
Quantity Required

Description. Per Test Unll Cat. NG.

Buffer Powder Pillows. citrate type for mangan~.~ 1 pillow loo/pkg 21076-69
Sodium Periodate Powder Pillows for manganes~ .. i pillow lqo/pkg 21077-69

:" .

REQUIRED APPARATUS
.Clippers. for opening 'p~wder pillows : , 1 each 968-00
Sample Cell. 10 mL.:matched pair 2 21pkg 24954-02
Cell Riser. 10 mL sample cell _ 1 _.each 45282-oo. ..:.. ~ . : .

OPrIONAL REAGENTS ..'
Hydrochloric Acid, 6 N : : ~.: ::.:..: : ~ : 500 IilL 884-49
Manganese Standard Solution. 1000 mg/L Mn : : 100 mL. l2791-42
Manganese Standard Solution, Voluette ampule,

High Range. 250 mgIL Mn. 10 mL : 16/pkg .l4258-10
Nitric Acid, ACS ~ 500 mL 152-49
Nitric Acid Solution 1:1 500 mL 2540-49
Sodium Hydroxide Solution. 5.0 N 100 mL MDB 2450-32
Water, deionized 4 L 272-56

OPTIONAL APPARATUS
Ampule Breaker. Kit each 21968-00
Mixing Cylinder, 25 mL : each 20886-40
Dropper. plastic. 0.5 and 1.0 mL marks 1O/pkg 21247-1O
Aask. erlenmeyer, 250 mL each 505-46
Aask. volumetric, Class A, 500 mL each 26366-49
Flask, volumetric. Class A. 100 mL each 14574-42
pH Indicator Paper, 1 to 11 pH 5 rollslpkg .391-33
pH Meter, ECIO. portable each SOO50-00
Pipet, 4.0 mL. Class A each 145 15-04
Pipet, serological. 5 mL each 532-37
Pipet. TenSette. 0.1 to 1.0 mL each .l9700-0 I
Pipet Tips, for 19700-01 TenSette Pipet. 50/pkg 21856-96
Pipet. volumetric, Class A. 5.00 mL each 145 15-37
Pipet Filler, safety bulb each 14651-00

OPTIONAL 25 mL ANALYSIS ITEMS
High Range Manganese Reagent Set (100 tests) 25 mL 100/pkg 22432-00
Pour-Thru Cell Assembly Kit (for 25-mL reagents only) each 45215-QO
SaIllple Cell. 25 mL matched pair ~ pair 20950-OO

i
;. For TechnicalAssistance, Price and Ordering .

1JI the u.s.A. caD 800-217-422410 piKa! IlI1 order.
OutKIde tilt U.5.A.-coniact the Hach oflice or distributor serving you.
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SULFATE (0 to 70 mgIL)
Metbod8051

For water, wastewater, and seawater

450nm

. '.

or

SulfaVer 4 Method* (powder Pillows or' AccuVac Ampuls,

USEPA Accepted for reporting wastewater analysis··

Using Powder Pillows----.
Chooae Desired

Program Accuracv

1. A User-Entered
Calibration is necessary
to obtain the most
accurate results. See the
User Calibration section
at the back of this
procedure. Program 680
can be used directly for
process control or
applications where a
high degree of accW'acy
is not needed.

Note: The lUllure of
lurbidimetrit.· tests and
reagent lot variation
necessitate Uj'ercalibratiorl
for best results.

2. Enter the
appropriate stored
program number
for sulfate (S04'2')
powder pillows,

Press: 6 80 ENTER

or

9?? ENTER

The display will show:

Dial nm to 450

Note: The Pour-Thru
cell cannot be used with
this procedure.

3. . Rotate the
wavelength dial until the
small display shows:

4S0nm

When the correct
wavelength is dialed in
the display will quickly
show: Zero Sample

then: mgIL SOl

Note: For greater
accuracy, perform a user
calibrationfor each new lot
ofSuifaVer 4 Sulfate
Reagent Powder Pillows:
see· User Calibration
following these steps.

4. Fill a clean
sample cell with
25 mL of sample.

Note: Filter highly turbid
or colored samples. Use
filtered sample in this step
and Step 7.

• Adapted from Standard Methods for the Examination ofWater and Wastewater.
•• Procedure i,-; equivalent to USEPA method 37S.4 for wastewater.
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SULFATE, continued

8. Place the blank into
the cell holder. Close the
light shield.

7. When the timer
beeps. the display will
show: mg/L 80.2-·

Fill a second sample cell
with 25 mL of sample
(the blank).

A 5-minute reaction
period will begin.

6. Press:·

SHIFT TIMER

Note: Allow the cell to
Note: A white turbidity will stand undisturbed;
develop ifsu/fale ;s present.

S. Add the contents of
one SulfaVer 4 Sulfate
Reagent Powder Pillow
to the sample cell (the
prepared sample). Swirl
10 dissolve.

Note: Accuracy is nor
affected by undissolved
powder.

9. Press: ZERO

The display will show:

Zeroing..•

then: O. mgIL SOl'

10. Within five
minutes after the timer
beeps. place the
prepared sample into
the cell holder. Close the
light sh~eld..

11. Press: READ

The display will show:

Reading•••

then the results in mglL
SOl- will be displayed.

Note: Clean 1Msample cells
with soap anda brush.
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SULFATE, continued

or

GJ 1?

~:.

Choo.. Desired
Program Accuracy

Using AccuVac AmpuJs----..

4. Fill a zeroing vial
(the blank) with at least
10 mL of sample. Coned
at least 40 mL of sample
in a 50-mL beaker.

Note: Filter highly turbid
or colored samples. Use
filtered .~ample in thLf
.uep and Step 5.

When the correct
wavelength is dialed in
the display will quickly
show: Zero Sample

then: mg/L SOi- AV

3. Rotate the
wavelength dial until the
small display shows:

450nm

977 ENTER

The display will show:

Dial om to 450

2. Enter lhe appropriate
stored program number
for sulfate (SOl)
powder pillows.

Press: 6 85 ENTER

1. A User-Entered
Calibration is necessary
to ohtain the most
accurate results. See
User Calibration
Section at the back of
this procedure. Program or
6RO can be used directly
for process control or
applications where a
high degree of accuracy
is not needed.

Note: The nat,," of
turbidimetric tests and
"a8ent Int variarioIJ
nt-us.titare usercalibratinlJ
for be.fl results.

[0_' .. ~..
..'.-

s. Fill a SulfaVer 4
Sulfate AccuVac ampul
with sample.

Note: Keep tip
immerud umil the
ampul fills completely.

6. Quickly invert the
ampul several times to
mix. Wipe off any
liquid or fingerprints.

Note: A white turbidity will
develop ifsulfate is present.

Note: Accuracy i.f
not affected by
undissolved powdu:

7. Press:

SHIFTnMER

A S-minute reaction
period will begin.

Note: Allow the ampul to
.ftond tmdisturbed.

8. Place the AccuVac
Vial Adapter into the
cell holder.

Note: Place ,he grip tab at
the Tear of the eel/holder.
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SULFATE, continued

9. When the timer
beeps. the display
will show;

mflLSO.Z- AV

Place the blank into the
cell holder. Close the'
light shield.

10. Press: ZERO

The display will show:

Zeroing•..

then: O. mg/L SOl' AV

11. Within five
minutes after the timer
beeps. place the
AccuVac ampul into the
cell holder. Close the
light shield

12. Press; READ

The display will show:

Reading.••

then the resulls in mglL
SOl- will be displayed.

Sampling and Storage
Collect samples in clean plastic or glass bottles. Samples may be stored
up to 28 days by cooling to 4 °C (39 OF) or lower. Warm to room
temperature before analysis.

Accuracy Check
Standard Additions Method

a) Fill three 25-mL graduated mixing cylinders with 25 mL of sample.

b) Snap the neck off a Sulfate Voluette Ampule Standard Solution,
2500 mglL SOi- .

c) Use a TenSette Pipet to add OJ, 0.2 and 0.3 mL of standard to the
three 25-mL samples. Mix thoroughly. For AccuVac Ampuls,
transfer to clean. dry 50-mL beakers.

d) Analyze each sample as described above. The sulfate
concentration should increase 10 mglL for each 0.1 mL of
standard added. .

.e) If the.~e increases do not occur, see "Standard Additions" on
page 26 for more information.
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SULFATE, continued

Standard Solution Method
Check the accuracy of the test by using the Sulfate Standard Solution,
50 mglL, listed under Optional Reagents. Or,prepare this solution by
pipetting 1.0 mL of the contents of a Voluette Ampule Standard for
Sulfate (2500 mglL) into a So-mL volumetric flask. Dilute to volume witb
deionized water. .

Substitute this standard for the sample and proceed with the test as
described in the procedurt". The mglL SOi- reading should be 50 mg/L.

User Calibration
For most accurate results, the use of a user-ealibrated program is highly
recommended. The Hach stored programs 680 and 685 are intended for
process control samples or other applications where a high degree of
accuracy is not necessary.

A one-time setup program for sulfate is required. A sulfate program
templatejs pre-programmed into memory to make the process easier.
After the setup is complete, the calibration can be entered for each new lot
of reagents used or as necessary.

Standard Preparation
A new calibration should be performed for each new lot of SulfaVer 4
Sulfate Reagent as follows:

Prepare standards of 10. 20, 30, 40, 50, and 60 mgIL sulfat~ by pipetting
1.2,3,4,5, and 6 mL of a lOOO·mgIL Sulfate Standard Solution into
10o-mL volumetric flasks. Dilute to the mark with deionized water and
mix welL

Initial Setup of Sulfate Program
The templates within User Program cannot be run directly. They must be
copied into a usable program number (greater than 950) as in step c and d.
Then, calibrate the program. The preprogrammed calibration (680 or 685)
may be suitable for process control.

a) Press SHIFT USER PRGM. Use the UP l;lITOW key to scroll to Copy
Program. Press ENTER.

b) Scroll to or enter the template number for sulfate [906,907 (AV)].
Press ENTER.

c) Scroll to or enter the desired user program number for sulfate
(>950). Press ENTER. Record the program number for reference. -
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SULFATE, continued

d) The display will show:" Program Copied. Press EXIT. The program
is now ready to be calibrated.

User Calibration of Sulfate Program
a) Use the test procedure to develop color in the standards just before

recording the absorbance values for the calibration.

b) Press SHIFT USER PRGM. Use the UP'arrow to scroll to Edit
Program. Press ENTER.

c) Scroll to or enter the program number for sulfate (from step c in
Setup). Press ENTER.

d) Use the DOWN arrow to scroll down to CaUb Thble:X (X= denotes
a number which indicates the number of data points in the table).
Press ENTER.

e) The instrument will prompt Zero Sample. Place the blank solution
in the cell holder. Close the light shield. Press ZERO. The
instrument will prompt you to adjust to the proper wavelength if
necessary.

f) The first concentration point will be displayed. Press ENTER to
display the stored absorbance value of the first concentration point.

g) Place the first developed standard solution (same concentration as
the value displayed) in the cell holder. Close the light shield. Press
READ to display the. measured absorbance of the standard. Press
ENTER to accept the displayed absorbance value.

"h) The second concentration point will be displayed. Press ENTER to
display the stored absorbance value of the second concentration.
Place the second developed standard solution in the cell holder.

.,. Close the light shield. Press READ to display the measured
absorbance value of the standard.

i) Press ENTER to accept the absorbance reading. The next
concentration point will then be displayed.

j) Repeat steps h and i as necessary for the remaining standards.

k) When finished reading the absorbance values"of the standards. press
EXIT. Scroll down to FoJ;"Ce Zero. Press ENTER to change the setting.
Change to ON by pressing the arrow key. then press ENTER.

I) Scroll down to Calib Formula. Press ENTER twice or until only the
oin F{O) is flashing. Press DOWN arrow to select F3 (cubic
calibration). Press ENTER to select FJ.
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Appendix D: CCI Statement of Work

1.0 Introduction
CH2M HILL Constructors, Inc. (CCI) has been contracted by the Southern Division, U.S. Naval
Facilities Engineering Command (SOUTHDIV) to perform remediation activities at Naval
Industrial Reserve Ordnance Plant (NIROP) in Fridley, Minnesota and in the adjoining Anoka
County Riverfront Park (ACP). In tum, CCI is planning to subcontract portions of the work to
qualified Subcontractors.

This project is being conducted to document the enhanced bioremediation of chlorinated
solvents dissolved in groundwater and sorbed to the aquifer matrix by injecting vegetable oil
into the subsurface below the water table. Specifically, the objective of this field application is
to determine if vegetable oil injection is a viable treatment option for volatile organic
compounds (VOCs) in groundwater at the NIROP facility and adjacent areas including the
ACP. The approximate location of the vegetable oil injection test is shown on Figure 1.1.

1.1 Site Setting
The NIROP Facility and ACP is located in Fridley, Minnesota in the southern most tip of Anoka
County, just east of the Mississippi River. The NIROP Facility is approximately 1,000 feet east
of the Mississippi River and less than one mile south of Interstate 694. It lies on a broad, flat
outwash terrace, and is largely covered by pavement, structures, and other facilities. Out of the
total plant size of 138 acres, the federal government owns 83 acres which are operated by
United Defense Limited Partnership (UDLP). There~g55 acres are owned and operated
byUDLP.

Located between East River Road and the Mississippi River is the ACP. The ACP is a day-use
recreational facility on the river's edge, consisting of approximately 60 acres.

The NIROP Facility will remain active during the Subcontractor's work activities. Subcontractor
shall set up work areas and perform work in a manner that minimizes disruption of the
ongoing plant activities. Subcontractor work activities shall be temporarily stopped during
facility emergencies that affect the work areas. All Subcontractor activities shall be coordinated
with the CCI Site Superintendent.

Traffic control at work areas will be the responsibility of Subcontractor. Subcontractor shall
coordinate with CCI to evaluate placement of equipment and traffic flow to minimize impact of
this work to any ongoing operations. .

1.2 Site Background
The Record of Decision (ROD) for groundwater remediation at the NIR0P Fridley site was
signed in September 1990 by representatives of the U.S. Navy (Navy), the United States
Environmental Protection Agency - Region V (USEPA), and the Minnesota Pollution Control
Agency (MPCA). The ROD specified hydraulic containment and recovery of all future
migration of groundwater from the NIROP facility and the recovery, to the exteJ;lt feasible, of
contamination downgradient of the NIROP facility. To achieve this, groundwater extraction
wells were installed. The initial extraction system began operating in September 1992. Two
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additional extraction wells were constructed and placed into operation in June 1995. Another
upgrade of the extraction system was completed in June 2001.

Treatment of extracted groundwater involved a two-phased plan: Phase 1 involved discharging
groundwater from the extraction system to an existing sanitary sewer with treatment provided
at a local wastewater treatment facility; Phase II involved construction and operation of a
groundwater treatment facility to provide long-term groundwater treatment. Groundwater
treated by the Phase II treatment system is being discharged to the Mississippi River via a
National Pollutant Discharge Elimination System (NPDES)/Metropolitan Council
Environmental Services (MCES) State Disposal System (SDS) storm sewer discharge permit.
The Phase II treatment system began operating in December 1998. Under Phase II, the
combined discharge from the extraction system is fed through a feed system and air stripping
units for treatment before the effluent is discharged to the Mississippi River through outfall 020
(NPDES/SDS Permit MN0000710).

At the time of the ROD, it was planned that contaminated groundwater located off-site and
downgradient of the NIROP in ACP would be naturally dissipated. Under a five-year review of
the Operable Unit 1 (OU-l) groundwater extraction system in September 1998, it was
recommended that the Navy determine what can be done to significantly reduce residual
groundwater contamination in ACP.

1.3 Regulatory Framework
NIROP is currently listed on the Final Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA) National Priorities List (NPL). It has been on the NPL since
1989. A ROD for implementation of a ground-water remediation system was signed in 1990 by
representatives of the U.S. Navy, the United States Environmental Protection Agency (USEPA)­
Region V, and the Minnesota Pollution Control Agency (MPCA).

A state-licensed well contractor shall perform installation of all new wells. All drilling and well
installations shall conform to Minnesota Department of Health (MDH) Rules, Chapter 4725,
Wells and Borings.

Based on generator knowledge of the materials and the waste characterization sample results,
the wastes shall be classified in accordance with 40 Code of Federal Regulations (CFR) 261
regulations. Prior to waste shipment, the analytical data shall be supplied to the disposal
facility. Characterization and disposal of generated wastes shall be in accordance with
regulatory requirements identified in Section 6.6.

1.4 Site-Specific Data

1.4.1 Hydrogeology
This section provides a brief discussion of the hydrogeology and hydraulic monitoring data at
the NIROP facility and ACP in the vicinity of well MS-46S. A summary of the local
hydrogeology at the facility is discussed including a description of the groundwater flow and
the interaction between the aquifer system and the adjacent Mississippi River.

The hydrogeology within the vicinity of the NIROP facility is consistent with the regional
hydrogeology where four aquifers or aquifer zones govern groundwater movement through the
subsurface. These aquifers are, from shallow to deep, the unconsolidated Quaternary aquifer
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zone, the Prairie du ChienIJordan aquifer (PC), the Franconia/Ironton/Galesville (FIG) aquifer,
and the Mount Simon/Hinckley/Fond dl.i Lac (MHF) aquifer.

Because the vegetable oil injection pilot test will be conducted near well MS-46S in the shallow
interval of the Quaternary aquifer system, the remainder of this section will focus on this
stratigraphic interval.

The unconsolidated Quaternary aquifer zone consists of glacial drift (i.e., glacial outwash and
till deposits) overlain by glacial-fluvial deposits. It is referred to as an aquifer zone because it
consists of two poorly defined aquifers, a shallow unconfined aquifer (shallow drift aquifer)
and a deep confined or semi-eonfined aquifer (deep drift aquifer). These aquifers consist of sand
and gravel and they are separated by a silt or clay layer that ranges in thickness from 0 to 47 feet
in the NIROP area. These two aquifers vary significantly in thickness and hydraulic connection
throughout the site. The shallow unconfined aquifer ranges in thickness from 41 to 93 feet, and
the deep confined or semi-eonfined aquifer ranges in thickness from 19 to 55 feet across the site.
Although monitoring wells at the site have been designated as shallow and intermediate there
appears to be no or very little hydraulic separation between these monitored intervals. Hence,
both of these zones make up the shallow unconfined aquifer at the site. Cross-Section A-A'
(Figure 2.1) illustrates the stratigraphic relationship of the shallow drift and deep drift aquifers
in the pilot-study area.

1.4.2 Groundwater Flow under Pumping Conditions .
Under current pumping conditions the general horizontal groundwater flow direction across
the NIROP site in the Quaternary aquifer zone is generally toward the southwest.
Groundwater from the Quaternary aquifer zone discharges into the Mississippi River and
underlying alluvium.

Groundwater flow in the far southwestern portion of the NIROP site (i.e., south end of ACP and
western portion of the UDLP) does not follow these general trends in the Quaternary aquifer
zone. A groundwater ridge is present near well MS-46S in ACP as shown on the potentiometric
surface contour map for pumping conditions (November 30, 1999) for the shallow Quaternary
aquifer (Figure 2.2). As a result of this ridge, groundwater flows in a radially outward pattern
in the ACP.

1.4.3 Non-Pumping Conditions and Effect of Extraction Wells
The potentiometric surface contour map for non-pumping conditions Ganuary 4,2000) for the
shallow Quaternary aquifers is presented in Figure 2.3. The entire extraction system was
shutdown December 23, 1999. The aquifer system was allowed 'to recover for 13 days to reach
static non-pumping water level conditions. Under static (Le., nori-pumping) conditions, the ,
groundwater flow direction across the site is generally the same for the unconsolidated aquifers
and the underlying PC bedrock aquifer as under pumping conditions.

As expected, water levels in the extraction wells recovered significantly-(as much as 36.9 feetin
well AT- 5B). The water level recovery in monitoring wells was much less ranging from 0.30 to
4.59 feet, 0.54 to 5.31 feet and 1.69 to 5.73 feet in the shallow, intermediate and deep monitored
intervals. A visual comparison of the head differences Under pumping and non-pumping
conditions (Figures 2.2 and Figure 2.3) reveals that the groundwater ridge remained in the ACP
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under static aquifer conditions indicating that the ridge is a result of natural conditions and is
only accentuated by the groundwater extraction system.

1.4.4 Interaction between the Aquifer System and the Mississippi River
The Mississippi River borders Anoka County Park to the west. It is expected that the
Mississippi River and the underlying alluvium are hydraulically connected. The alluvium
consists of sand and gravel (Schoenberg, 1994) and is estimated to be as much as 60 feet thick
under the river (Lindgren 1990). To evaluate the interaction between the unconsolidated
aquifer system and the Mississippi River, pressure transducers and data loggers were installed
to record the rise and fall of the water levels in the aquifers in relation to the rise and fall of the
river stage of the Mississippi River.

The hydraulic heads in the aquifer were found to be higher in all wells within 500 feet of the
river compared to the river stage even during rapid changes in the river leveL This head
difference indicates that throughout the entire year (i.e., during all seasons) water in the aquifer
system flows towards and discharges into the Mississippi River. This indicates that there were
no bank storage effects, even at high river stages, during the data collection period. Thus, the
Mississippi River is a gaining stream at all times of the year.

1.4.5 Groundwater Quality

Groundwater samples were collected and analyzed in the Spring (April 19-22) and Fall
(November 2-5) of 1999. Consistent with historical observations, TCE is the most extensive
contanUnant encountered in groundwater at the NIROP and adjacent ACP site. TCE was
detected in 99 of 101 wells sampled in the fall 1999 sampling event. Detected concentrations of
TCE ranged from 0.59 to 18,000 J.lg/L in the fall 1999 sampling round. Dissolved TCE is present
at generally higher concentrations in the unconfined aquifer (concentrations range from 0.59 to
18,000 J.lg/L in the shallow and intermediate monitoring intervals) than the deep semi-eonfined
aquifer (concentrations range from 1.8 to 5,200 J.lg/L). TCE in the PC aquifer is significantly
lower than in shallow intervals (concentrations ranged from non-detect to 7.9 J.lg/L in 1999).
Generally, TCE in groundwater extends from north of the NIROP's northern boundary to the
southwest, along the direction of groundwater flow to the Mississippi River in the shallow,
intermediate and deep monitored intervals.

Based upon the results of the NIROP/ ACP field investigation results, TCE is present at elevated
levels in the shallow aquifer in the southwestern portion of the NIROP and in ACP.. A plan
view isoconcentration map of the spatial distribution of TCE contamination in the shallow
groundwater interval in the pilot study area near MS-46S is shown on Figure 2.4, based on
groundwater samples collected in the fall of 1999. The concentratioris are significantly lower
northeast of East River Road (ranging from 170 to 730 J.lg/L) than the concentrations present in
the ACP (42 to 18,000 J.lg/L). More specifically, the concentrations in the central portion of the
ACP are locally elevated ranging from 1,100 to 18,000 J.lg/L at well MS-46S. This zone of
elevated concentrations generally corresponds with the location of the groundwater ridge
(Figure 2.2) which may represent a stagnation zone. This groundwater stagnation zone may
allow elevated concentrations to exist in this area. The primary reason for implementing the
pilot scale vegetable oil injection test near well MS-46S is because this well exhibited the highest
TCE concentration in the Fall of 1999.
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The scope of work for this subcontract will consist of the following work activities:

• Installation of 1 new background monitoring well in the vicinity of existing monitoring
well MS-46S, 3 vegetable oil injection wells, 9 groundwater monitoring wells, and 3
contingency monitoring wells; ,

• Baseline (i.e., pre-injection) sampling of groundwater at the newly installed injection
wells, groundwater monitoring wells, contingency monitoring wells, and existing wells
MS-46S, 27S, and MS-47S;

• Pre-injection aquifer testing (hydraulic conductivity) of the 3 injection wells and 6
monitoring wells;

• Plumbing of the injection wells and injection of approximately 3,600 gallons of food-grade
vegetable oil (estimated 1,200 gallons per well);

• Post-injection aquifer testing (hydraulic conductivity) of the previously-tested 3 injection
wells;

• Surveying of the newly installed injection and monitoring wells;
• Post-injection sampling of groundwater and vegetable oil (if present) at the newly installed

monitoring and injection wells at 2, 5, 8, and 12 months after injection; and
• Post-injection sampling of groundwater and vegetable oil (if present) at the newly installed

monitoring and injection wells at " 16,20, and 24 months after injection. NOTE: This is
an option item and will be executed only if required.

The materials and methodologies to accomplish these activities are described in Section 6.0. The
following lists the definable features ofwork (DFOWs) for the subcontractor's scope ofwork:

• Mobilization and site preparatory work
• Pilot-scale system installation and soil sampling
• Pre-injection sampling and aquifer testing
• Baseline sampling
• Injection of vegetable oil
• Post-injection aquifer testing
• Post-injection system sampling
• Site restoration and demobilization

3.0 Project Schedule
The following milestone schedule has been established for performance of this Subcontract.

A. Award Period: This period begins with Subcontract Award imd includes all prior-to­
work submittals. It is expected that the subcontract will be awarded within 14 calendar "
days of bid due date. Subcontractor shall submitall required prior-to-work submittals
(bonds, insurance, and schedule) within 7 calendar days of Subcontract award. The
Notice to Proceed (NTP) is expected to be made within 14 calendar days of Subcontract
award, contingent upon review and approval of Subcontractor submittals.

B. Mobilization Period: This period begins with NTP and includes all work from
mobilization up to the start of actual work execution. The mobilization period for this
Subcontract shall not exceed more than 7 calendar days. .
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C. Execution Period: This period begins with the start of fieldwork and includes
completion of all subcontract requirements including fieldwork activities (installation
and development of wells, injection of oil, and baseline sampling), post-injection system
sampling activities, closeout documentation and final demobilization. All fieldwork
activities shall be completed within 60 calendar days of mobilization. Post-injection
system sampling activities shall continue for the specified duration. Closeout
documentation and final demobilization activities shall be completed within 14 calendar
days of final sampling activity completion. All generated wastes shall be disposed of
within 60 days of generation.

.The defined work hours for construction activities under this Subcontract will be 7:00 A.M. to
4:00 P.M.; Monday through Friday, except federal holidays. Equipment, supplies and materials
shall be received or shipped during the defined work hours.

Subcontractor shall decide what his normal work hours will be to achieve the work within
specified milestone schedule guidelines and inform CCI Site Superintendent prior to
commencement of work. Extended work hours or different work hours shall be coordinated
and approved by CCI Site Superintendent, 48-hours prior to start of work.

Depending on the magnitude of adverse weather and its potential impact to the project
schedule, time lost during the scheduled workweek may be made up on an accelerated
schedule (including weekends) at the discretion of CCI Site Superintendent.

The Bidder is requested to state in his Bid the estimated duration of performing the various
activities required to complete the work, including all submittals. This information shall be
provided in the form of a project schedule using critical path method (CPM) logic.

4.0 Environmental Compliance
Subcontractor shall indicate whether their company or any of their employee(s) has/have been:
• Charged with violation or non-eompliance with environmental regulations
• Subject to an enforcement action
• Fined or had a penalty imposed against them within the last 3 years related to a violation or·

environmental damage to persons, property, or natural resources.

Discuss the nature of violation or enforcement action taken against subcontractor and corrective
actions taken by subcontractor (if applicable).

5.0 Meetings, Temporary Controls, and Submittals

5.1 Project Meetings
Subcontractor shall attend the following project meetings a pre-eonstruction meeting, daily
tailgate meetings, weekly progress meetings and quality control meetings, final post­
construction meeting.
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5.1.1 Pre-construction Meeting
. ., /.. , .

Subcontractor shall attend a mandatory ·pre:.construction meeting, which will be approximately
one week prior to mobilization. The pre-construction meeting will be approximately four hours
and held at the project site. The exact date and time will be notified at the time of Subcontract
Award. Subcontractor shall discuss the following subjects, as a minimum:

• Required schedules
• Status of Bonds and insurance
• Sequencing of critical path work items
• Progress payment procedures
• Project changes and clarification procedures (including RFIs)
• Use of site, access, office and storage areas, security and temporary facilities
• Major product delivery and priorities
• Subcontractor's health & safety plan and representative (including required employee

records)

5.1.2 Daily Tailgate Meetings
Daily tailgate meetings shall be conducted every workday morning at 7:00 am EST with CCI,
Navy, and others as required. All Subcontractor's onsite personnel (including lower-tier
Subcontractors) shall attend these meetings. Documentation of the meeting shall be provided to
CCI by 9:00 a.m. that same day.

Daily tailgate meeting shall discuss the following subjects, as a minimum:

• The work planned for the day
• Changes in work assignment
• Health and safety issues
• Quality issues
• Review problems encountered the previous day
• Sign the safety task assignment form prior to beginning any work onsite

5.1.3 Weekly Progress Meetings
Subcontractor shall attend regular progress meetings at site, conducted weekly to review
construction progress, progress schedule, sample collection and submissions schedule, contract
modifications, and other matters that require discussion and resolution.

5.1.4 Quality Control Meetings
Subcontractor shall have at least one representative at QC meetings held onsite by CCI to
review test and inspection reports, and other matters relating to quality control. The frequency'
of the meetings will be set by the pace of the work or as called by the CCI QC Manager.

5.1.5 Post-Construction Meeting
Subcontractor shall attend a mandatory post-construction inspection meeting, which will be
scheduled after completion of field activities but prior to Subcontractor demobilization. The
purpose of this final inspection/meeting is to close out any punch1ist items, diScuss schedule for
demobilization, and delivery of all required submittals. .
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5.2 Temporary Controls
The proposed work may have adverse impacts on the environment. During the onsite work the
Subcontractor shall implement temporary controls to minimize environmental impacts and
meet the intent of federal, state, and local regulations designed to protect the environment. The
temporary controls shall include, but are not limited to traffic control, site access control,
erosion and sediment control, construction debris and waste control, water pollution control,
dust control, and spill control. These temporary controls shall be described in detail in the
Subcontractor's Work Plan.

5.3 Project Submittals

5.3.1 Prior to Work
Prior to the start of any onsite work, the Subcontractor shall submit the following to CCI for
review and approval:

• Subcontractor Work Plan, which includes Site-Specific Health and Safety Plan (including
employee training and medical clearance records). Refer to Appendix F for work plan
requirements.

• Project CPM Schedule. Refer to Section 3.0.

Upon review, CCI may require revisions to the work plan and/or schedule in order to ensure
the project schedule will be met and project objectives will be achieved in accordance with
applicable rules and regulations and at an appropriate level of worker safety.

5.3.2 During the Work
During the execution of the work, CCl's Site Superintendent will be responsible for maintaining
a daily field activity summary, which describes the work performed. To this end, the
Subcontractor shall provide the following information to CCI on a daily basis, no later than 9:00
am the following business day:

• Contractor Quality Control Report
• Contractor Production Report
• Daily air monitoring logs and other relevant health and safety information
• Copy of hazardous waste profiles and manifests for hazardous wastes removed from the

site
• Copy of non-hazardous waste manifests and bills of lading for non-hazardous wastes

removed from the site
• Copy of haul tickets for all materials brought to the site or removed from the site
• Copy of all Certificates of Disposal for applicable wastes removed from the site
• Land Disposal Restriction (LDR) Notification/Certification (for hazardous wastes)

5.3.3 Following the Work
Within 14 calendar days of completing fieldwork at the site to the satisfaction of CCI and
SOUTHDIV, the Subcontractor shall provide CCI with all copies of pertinent p~oject records not
previously submitted, including but not limited to, analytical data, transportation and disposal
records, as-builts, and air monitoring records. '
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5.3.4 Requirements for Project Submittals/Reports... ' ~ . . ~. :,. .
The requirements for the project submittals vary based upon the duration of the Bidder's work,
the dollar value, scope of work requirements, and the type of compensation arrangement
determined in the awarded subcontract. Further details will be provided about required reports
at time of subcontract award. However, the Bidder should use the guidelines given in Appendix
F to estimate the appropriate cost of the submittal requirements expected for this specific scope
of work.

6.0 Technical Specifications
This section provides the technical approaches, and measurement and payment for each of the
on-site activities included in the Scope of Work. Subcontractor shall furnish all labor,
equipment, materials, lower-tier Subcontractors, supplies, and all else necessary to completely
perform the Scope of Work identified herein. All work shall be completed in compliance with
current federal, state and local regulations and in accordance with standard industry practice.

6.1 Mobilization and Site Preparatory Work
All submittals required prior to work shall be submitted to CCI prior to mobilization. Upon CCI
approval of all required submittals, Subcontractor shall mobilize all resources necessary to
efficiently and completely perform this scope of work task. The resources include, but are not
limited to, personnel, equipment, materials, supplies, lower-tier Subcontractors, and support
facilities (e.g., project support trailer, decontamination facilities, waste containment facilities,
material and equipment storage, cellular phones, water, portable sanitary facilities, etc.) to
support the work activities at the site. .

Site preparatory work is the first physical activity at the site and involves staging of material
and equipment, demarcation of work zones, utility clearances and lockout!tagout of utilities,
and providing run-on/runoff control devices as required. Onsite staging/lay down areas and
waste storage areas will be as designated by CCL Temporary barricades and caution signs shall
be provided around the work areas.

Before any fieldwork is conducted, each proposed well location shall be checked for
underground utilities. Underground utilities clearances shall be obtained through the Gopher
State One Call program and clearance shall be doCumented and provided to CCI on a daily
basis.

Subcontractor shall provide a project site trailer for use by Subcontractor and CCL The trailer
shall have at least two telephone lines with local call access for cel use.

Subcontractor shall provide portable toilet units, as required, for CCI, Subcontractor and lower­
tier personnel use. Subcontractor shall make arrangements for potable water and electricity.
Subcontractor shall be responsible for storage of equipment and tools. _

Subcontractor shall construct a decontamination pad for decontamination of heavy equipment.
The decontamination pad shall be cleaned after each use. A boot wash/rinse area shall be used
to decontaminate reusable articles. All equipment and personnel decontamination shall be
documented in the field log books.
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6.1.1 Measurement and Payment
Payment for this activity shall be lump sum to include full compensation to mobilize to the site
and to set-up all labor, equipment, facilities, materials, lower-tier Subcontractors and supplies
required to perform the scope of work.

6.2 Pilot-Scale System Installation and Soil Sampling
The procedures for installing the injection and monitoring wells for the pilot study are
discussed in the following subsections.

6.2.1 Injection Well and Groundwater Monitoring Well Layout
The proposed well layout consists of 1 new background monitoring well in the vicinity of
existing monitoring well M5-46S, 3 injection wells, 9 groundwater monitoring wells, and 3
contingency monitoring wells as shown in Figure 4.1. A cross-sectional view of the proposed
wells also is shown in Figure 4.1. The 3 injection wells shall be located approximately 15 feet
apart and centered 20 feet downgradient of existing monitoring well M5-46S. The final well
layout may vary significantly from what is shown in Figure 4.1 as a result of information
discovered during the field program.

The proposed well construction details and screened intervals are listed in Table 4.1 (EMR
Work Plan). It is important to note that the total depths, screened intervals, and feet of riser
listed in Table 4.1 (EMR Work Plan) are approximations. Actual depths and length
specifications will be determined in the field. The most important completion detail is that the
top of the screen for injection wells, groundwater monitoring wells, and contingency
monitoring wells will be located 4 feet below the observed groundwater table. The volume of
oil to. be injected was calculated assuming an even distribution of vegetable oil over a vertical
distance of 10 feet and a radius of 5 feet assuming isotropic, homogeneous conditions and an
effective porosity of 20 percent. It is anticipated that the radius of influence of the injected
vegetable oil will be somewhat greater than the assumed 5 feet (horizontally).

Monitoring wells will be located at distances of 15, 30, 50,80 and 140 feet along the flowpath
downgradient from injection well 2, and additional groundwater monitoring wells are located
downgradient from injection wells 1 and 3 as shown in Figure 4.1. Monitoring well locations
are intended to monitor the groundwater ·system immediately downgradient of the injection
zone over a period of 12 months. One upgradient well pair M5-46S is located to monitor
background groundwater geochemistry. The three new contingency monitoring wells are to be
located approximately 200 feet downgradient from the injection wells. In addition two existing
monitoring wells will be utilized as contingency monitoring wells (wells 27S and M5-47S); these
wells and the proposed new wells are shown on the potentiometric map in Figure 2.2.

Subcontractor shall install the wells in stages, as directed by CCI, in order to collect water level
elevation data from the first few wells installed to more accurately define the direction of
groundwater flow and to better locate the remaining wells hydraulically.downgradient.

All well installation and development activities shall be performed by a Minnesota licensed
driller.
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6.2.2 Drilling and Soil Sampling Procedures
Drilling in unconsolidated soils will be accomplished '-ush-tg the hollow stem auger drilling
method to approximate depths specified in Table 4.1 (EMR Work Plan). The drill rig shall be
cleaned and decontaminated prior to delivery to the site. The rig shall not leak any fluids that
may enter the borehole or contaminate equipment that is placed in the hole. The use of rags or
absorbent materials to absorb leaking fluids is unacceptable.

All wells are to be completed with the top of the well screen located approximately 4 feet below
the observed groundwater table. The well driller shall collect soil samples, maintain a detailed
descriptive log of all subsurface materials recovered during drilling, and properly label and
store all samples. During borehole advancement, soil samples for visual description shall be
collected at a frequency sufficient to identify the depths of significant stratigraphic contacts or
other soil properties. Soil samples shall be collected from drilling cores obtained by hollow
stem auger drilling method using a 24-inch long, 2-inch diameter split spoon sampler.
Procedures shall be modified, if necessary, to ensure good sample recovery.

As each boring is advanced one soil sample shall be collected from close vertical proximity to
the center of the screened interval to be installed. Aliquots of this soil sample from selected
boring locations identified in Table 4.2 (EMR Work Plan) shall be analyzed for VOCs, bulk
density via ASTM Method D2937-94, and total organic carbon (TOC) via method E415.1
(combustion/oxidation). Aliquots for VOCs, bulk density, and TOC shall be shipped to an off­
site fixed-based laboratory for analysis at Subcontractor's cost. Additional aliquots of soil
samples shall be collected and provided to CCI for microbial analysis, soil isotherm sorption
tests and bio-available iron analysis for analysis by others.

After drilling is complete, gamma log geophysical data shall be collected from the entire boring
at each location. Submit a complete report to CCI with graphs for each location within 3 days of
gamma logging.

All drilling and soil sampling equipment shall be decontaminated in accordance with
procedures discussed in Section 6.2.3.6.

6.2.3 Injection Well and Groundwater Monitoring Well Installation
This section describes the procedures to be used for installation of the injection and monitoring
wells.

6.2.3.1 Pre-Installation Activities
All well installation permits shall be obtained prior to mobilizing to the field. In addition, all
utility lines shall be located, and proposed drilling locations shall,be cleared prior to any
intrusive activities.

Water to be used in well installation and equipment cleaning shall be obtained by the well
drilling Subcontractor from an off-site source. The CCI field scientist wi!! make the final
determination as to the suitability of water for these activities.

6.2.3.2 Materials Decontamination

All completion materials will be inspected by the CCI field scientist and determined to be clean
and acceptable prior to use. If not factory sealed, casing, screen, en.d caps, and surface plugs
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shall be cleaned prior to use with a high-pressure, steam/hot-water cleaner using approved water.
Materials that cannot be cleaned to the satisfaction of the CCI field scientist shall not be used.

6.2.3.3 Screen and Casing

Injection and monitoring wells shall be installed through the drill rig drive casing using 2-inch
or 3-inch-diameter PVC casing and screen. Injection and monitoring well screens shall be
constructed of 10 feet of flush-threaded, Schedule 40 PVC with an ID of 2.0 or 3.0 inch as listed
in Table 4.1 (EMR Work Plan). The screens shall be factory slotted with 0.020-inch openings.
Screens shall be installed beneath the water table at the approximate intervals listed on Table 4.1
(EMR Work Plan). The casing at each well shall be fitted with a PVC bottom cap and a locking
top cap.

Subcontractor shall verify and record the total depth of the injection wells and monitoring
wells, the lengths of all casing sections, and the depth to the top of all completion materials
(filter pack, bentonite seal, etc.). All lengths and depths shall be measured to the nearest 0.1­
foot.

6.2.3.4 Injection and Monitoring Well Completion
One well shall be installed in each borehole. A graded sand filter pack shall be installed around
the screened interval and will extend at least 2 feet above the top of the screen. The sand filter
pack shall consist of clean 10-20 silica sand. A filter pack seal shall be installed above the filter
pack using sodium bentonite pellets. The pellet seal shall be a minimum of 3 feet thick and
shall be hydrated in place with potable water if the seal is installed above the water table. The
pellet seal shall be overlain by a neat cement grout (non-rapid setting cement) that shall extend
from the top of the pellet seal to approximately 2 feet below the ground surface. A concrete
surface collar that will extend to the ground surface shall overlie the neat cement grout. Each
injection and groundwater monitoring well casing shall be completed above grade, with a steel
protective casing to protect the well. Three two-inch steel ballard posts shall be installed around
each monitoring well completion to protect the well head.

6.2.3.5 Injection and Monitoring Well Development
The injection wells, groundwater monitoring, and contingency monitoring wells shall be
developed prior to sampling. Development removes sediment from inside the well casing and
flushes fines from the portion of the formation adjacent to the screen. Development shall be
accomplished using a submersible pump. The pump shall be regularly raised and lowered
through the screened interval while development is underway so that fines are agitated and
removed from the entire screened intervaL

Development shall continue until a minimum 10 casing volumes of water have been removed
from the well and until pH, temperature, specific conductance, DO, and water clarity (turbidity)
stabilize. If the water remains turbid, development shall continue until the turbidity of the
water produced has been stable after the removal of several additional casing volumes.

Development water shall be collected in portable poly-tanks or 55-gallon drums. The tanks or
drums shall be staged in a CCI-designated hazardous-waste collection area and disposed of in
accordance with the Section 6.6. A development record shall be maintained for each injection
and monitoring well on a form. Development records will include: .

• Injection or groundwater monitoring well number;
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• Date and time ofdevelopment;
• Development method; , ::;. '\::
• Predevelopment water level and well depth;
• Volume ofwater produced;
• Description ofwater produced;
• Post development water level and well depth; and
• Field analytical measurements, including pH, specific conductance, turbidity, temperature,

and DO.

6.2.3.6 Equipment Decontamination Procedures
Prior to arriving at the site, and between drilling of each borehole, drill bits, drill pipe, drill
casing, instrumented probes, samplers, tools, and other downhole equipment shall be
decontaminated using a high-pressure, steam/hot water wash. Only potable water shall be
used for decontamination. All rinsate will be collected in portable tanks or 55-gallon drums and
shall be staged in a CCI-designated location at NIROP Facility. The location for the storage of
containerized waste at NIROP Facility will be identified by CCL

Potable water to be used in equipment cleaning, decontamination, or groutinfshall be obtained
from an offsite water source by Subcontractor. Precautions shall be taken to minimize any
impact to the surrounding area that might result from decontamination operations.

6.2.3.7 Datum Survey
A registered surveyor shall survey the locations and elevations of the newly installed
background, injection and groundwater monitoring wells. Horizontal locations shall be
measured relative to established coordinates. Horizontal coordinates shall be measured to the
nearest D.l-foot. The elevation of the ground surface adjacent to the well casing and the
measurement datum (top of the casing) shall be measured Felative to an existing benchmark
location. Vertical elevations will be measured with respect to the National Vertical Datum
(NAVD) of 1998 to the nearest D.Dl-foot.

6.2.3.8 Measurement and Payment
Payment for this activity shall be on a linear feet (LF) basis to include HSA drilling; split spoon
soil sampling and sample description; well construction; placement of screen, filter pack and
pellet seal; well development; surface completion; and submittal of as-built survey drawing
(CADD file and hard copy).

6.3 Measurement of Baseline Geochemical Conditions and Contaminant Profiles
After installation of the injection, groundwater monitoring, and contingency monitoring wells,
each of these new wells and previously installed monitoring wells MS-46S, 27S, and MS-47S will.
be sampled and analyzed for parameters listed in Table 4.4 (EMR WorkPlan) to characterize
initial (baseline) site-specific geochemical and contaminant conditions to evaluate the potential
for existing reductive dehalogenation, future enhanced reductive dehalogenation, and any
expected changes in the above profile as a result of substrate addition.

Groundwater samples collected from the monitoring locations shall be analyzed for oxidation­
reduction potential (ORP), DO, pH, specific conductance, temperature, ferrous iron, manganese,
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hydrogen sulfide, sulfate, alkalinity, carbon dioxide, nitrate + nitrite (as nitrogen [N]), chloride,
methane, ethane, ethene, total organic carbon (TOC), and VOCs (Table 4.4 (EMR Work Plan)).

6.3.1 Groundwater Sampling
Qualified scientists and technicians who are trained and experienced in the performance of
groundwater sampling, records documentation, and chain-of-eustody procedures shall conduct
collection of groundwater quality samples. Groundwater samples shall be collected from
previously installed monitoring wells MS-46S, 27S, and MS-47S and from all newly installed
injection, monitoring, and contingency monitoring wells. Groundwater samples collected
during this program shall be collected using established groundwater sampling techniques.
Well locations that will be sampled during this program are shown on Figure 2.2. Prior to
sampling, the injection and monitoring wells shall be developed as described in Section 6.2.3.5.
In order to maintain a high degree of quality control (QC) during this sampling event, the
procedures described in the following sections shall be followed.

6.3.2 Preparation for Sampling
All equipment to be used for sampling shall be assembled and properly cleaned and calibrated
(if required) prior to arriving in the field. In addition, all record-keeping materials shall be
gathered prior to mobilizing to the field. ,

6.3.2.1 Equipment Cleaning
All portions of sampling and test equipment that will contact the sample matrix shall be
thoroughly cleaned before each use. This includes the water-level probe and cable, test
equipment for onsite use, and other equipment or portions thereof that will contact the samples.
Based on the types of sample analyses to be conducted, the following cleaning protocol shall be
used:

• Wash with potable water and phosphate-free laboratory detergent (Alconox®);
• Rinse with potable water; .
• Rinse with isopropyl alcohol;
• Rinse with distilled or deionized water; and
• Air-dry the equipment prior to use (to the extent practical).

Any deviations from these procedures shall be documented in the field scientist's field notebook
and on the groundwater sampling record.

Laboratory-supplied sample containers shall be cleaned and sealed by the laboratory. The type
of container provided and the method of container decontamination shall be documented in the
laboratory's permanent record of the sampling event.

6.3.2.2 Equipment Calibration
As required, field analytical equipment shall be calibrated according to the manufacturers'
specifications prior to field use. This applies to equipment used for onsite measurements of DO,
pH, specific conductance, ORP, sulfate, ferrous iron, and other field par~eters listed in Table
4.4 (EMR Work Plan). All field calibration activities shall be documented and provided to CCI
on a daily basis.
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6.3.3 Groundwater Sampling Procedures
Special care shall be taken to prevent contamination cjf tIle groundwater and extracted samples.
The primary way in which sample contamination can occur is through cross-contamination due
to insufficient cleaning of equipment between wells. To prevent such contamination, the water­
level probe and cable used to determine static water levels and total well depths shall be
thoroughly cleaned before and after field use and between uses at different sampling locations
according to the procedures presented in Section 6.3.2.1. A decontaminated submersible pump
and/or bladder pumps shall be used for purging and sampling each groundwater sampling
location.

Field personnel each time a different monitoring location is sampled shall wear a clean pair of
new, disposable nitrile or latex gloves. The following paragraphs present the procedures to be
followed for groundwater sample collection. These activities shall be performed in the order
presented below. Exceptions to this procedure shall be noted in the sampler's field notebook
and on the groundwater sampling form.

6.3.3.1 Preparation of Location
Prior to starting the sampling procedure, the area around the existing and new monitoring
wells shall be cleared of foreign materials, such as brush, rocks, and debris. These procedures
will prevent sampling equipment from inadvertently contacting debris and potentially
becoming contaminated. In addition, the sampling location shall be inspected for the integrity
of the protective cover, lock, external surface seal, concrete pad, cap, datum reference, and
internal surface seal.

6.3.3.2 Water Level and Total Depth Measurements
Prior to removing any water from the sampling well, the static water level shall be measured.
An electric water-level probe (or oil/water interface probe) shall be used to measure the depth
to groundwater below the datum to the nearest O.Ol-foot. After measuring the static water
level, the water-level probe shall be slowly lowered to the bottom of the well if the well depth is
not known, and the depth shall be measured to the nearest 0.01 foot. Based on these
measurements, the volume of water to be purged from the monitoring well shall be calculated.
Otherwise, previously recorded well depths shall be used to calculate purge volumes.

6.3.3.3 Purging Before Sampling
The volume of water contained within the monitoring well casing at the time of sampling shall
be calculated. Groundwater shall be purged from the well until a minimum of 3 well casing
volumes are removed and water quality parameters have stabilized. Sampling techniques
specified in the attached site-specific MPCA Document shall be used for well purging. Water
quality stabilization is defined in Section 6.3.4. Purge waters shall be handled in accordance
with the procedures outlined in Section 6.6.

6.3.3.4 Sample Extraction
Sampling techniques specified in the attached site-specific MPCA Document shall be used for
sample collection. A submersible and/or bladder pump shall be used to extract groundwater
samples from the injection and monitoring wells. The sample shall be transferred directly into
the appropriate sample container. The water shall be carefully poured down the inner walls of
the sample bottle to minimize aeration of the sample.
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Unless the analytical laboratory gives other instructions, sample containers shall be completely
filled so that no air space remains in the container. Excess water collected during sampling
shall be handled according to the procedures outlined in Section 6.6.

U a monitoring well is evacuated to a dry state during purging, the monitoring well shall be
allowed to recharge, and the sample shall be collected as soon as sufficient water is present to
obtain the necessary sample quantity. Sample compositing or sampling over a lengthy period
by accumulating small volumes of water at different times to obtain a sample of sufficient
volume will not be allowed.

6.3.4 Onsite Groundwater Parameter Measurement
As indicated on Table 4.4 (EMR Work Plan), many of the groundwater chemical parameters
shall be measured onsite. Some of the measurements shall be made with direct-reading meters,
while others shall be made using a Hach® or CHEMetrics® portable colorimeter or titration kit
in accordance with manufacturer-specified procedures. These procedures are described in the
following subsections.

Samples shall be collected after stahle conditions have been reached. Stability shall be
determined between successive purge volumes equal to one calculated saturated casing
volume. Stability is obtained when the temperature, specific conductance, pH, dissolved
oxygen, and turbidity fall within the following acceptable ranges: ±O.1 degrees Celsius (0C), ±5
%, ±O.1 pH units, ±2%, and less than 5 ntu respectively.

All glassware or plasticware used in the analyses shall have been cleaned prior to sample
collection by thoroughly washing with a solution of Alconox® and water, and rinsing with
distilled water and isopropyl alcohol to prevent interference or cross contamination between
measurements. U concentrations of an analyte are greater than the range detectable by the
titrimetric method, the analysis shall be repeated by diluting the groundwater sample with
distilled water until the analyte concentration falls to a level within the range of the method.
All rinsate and sample reagents accumulated during groundwater analysis shall be collected in
glass containers fitted with screw caps. These waste containers shall be clearly labeled as to
their contents and carefully stored for later transfer to the approved disposal facility.

6.3.4.1 Dissolved Oxygen Measurements .
DO measurements shall be made using a meter with a sensor in a flow-through cell or a
downhole oxygen sensor. Multiple measurements shall be taken before groundwater sample
acquisition during well purging, with the final measurement made immediately prior to
completion of the well purge. When DO measurements are taken in monitoring wells that have
not yet been sampled, the existing monitoring wells shall be purged until DO levels stabilize.
DO measurements shall be recorded on the groundwater sampling record.

6.3.4.2 pH, Temperature, and Specific Conductance
Because the pH, temperature, and specific conductance of a groundwater sample can change
significantly within ashort time following sample acquisition, these parameters shall be
measured in the field in a flow-through cell during the purging process as described for DO in
Section 6.3.4.1. The measured values shall be recorded in the groundwater sampling record.

'.
6.3.4.3 Carbon Dioxide Measurements
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Carbon dioxide is a byproduct of biological reactions and can be used to evaluate the bioactivity
of the groundwater system. Carbon dioxide concentrations in groundwater shall be measured
in the field via titrimetric analysis using CHEMetrics® Method 4500 [0 to 250 mg/L], or CCI
approved equivalent.

6.3.4.4 Alkalinity Measurements
Alkalinity in groundwater helps buffer the groundwater system against acids generated
through both aerobic and anaerobic biodegradation processes. Alkalinity of the groundwater
sample shall be measured in the field via titrimetric analysis using USEPA-approved Hach®
Method 8221 (0 to 5,000 mg/L as calcium carbonate), or CCI approved equivalent.

6.3.4.5 Nitrate + Nitrite (as Nitrogen) Measurements
Nitrate + nitrite (as N) concentrations are of interest because nitrate can act as an electron
acceptor during hydrocarbon biodegradation under anaerobic soil or groundwater conditions.
Nitrate is also a potential nitrogen source for hydrocarbon-degrading bacteria biomass
formation. Nitrite is an intermediate byproduct in both ammonia nitrification and in nitrate
reduction in anaerobic environments.

Nitrate + nitrite (as N) concentrations in groundwater shall be measured in the laboratory
(Table 4.4 (EMR Work Plan)).

6.3.4.6 Sulfate and Hydrogen Sulfide Measurements
Sulfate in groundwater is a potential electron acceptor for fuel-hydrocarbon biodegradation in
anaerobic environments, and sulfide is produced during sulfate reduction. Sulfate shall be
measured in the laboratory (Table 4.4 (EMR Work Plan)), or measure sulfate and hydrogen
sulfide concentrations in the filed via colorimetric analysis with a Hach® DR/700 Portable
Colorimeter after appropriate sample preparation. USEPA-approved Hach® Methods 8051 (0 to
70.0 mg/L sulfate) and 8131 (0.60 mg/L hydrogen sulfide) or CCI approved equivalent shall be
used to prepare samples and analyze sulfate and hydrogen sulfide concentrations, respectively.

6.3.4.7 Ferrous Iron Measurements
Iron is an important trace nutrient for bacterial growth, and different states of iron can affect the
ORP of the groundwater and act as an electron acceptor for biological metabolism under
anaerobic conditions. Ferrous iron concentrations shall be measured in the field via
colorimetric analysis with a Hach® DR/700 Portable Colorimeter after appropriate sample
preparation. Hach® Method 8146, or CCI approved equivalent, for ferrous'iron (0 to 3.0 mg/L)
shall be used to prepare and quantitate the samples.

6.3.4.8 Manganese Measurements
Manganese is a potential electron acceptor in anaerobic environments. Manganese
concentrations shall be quantified in the field using colorimetric analysis with a Hach® DR/700'
Portable Colorimeter. USEPA-approved Hach® Method 8034 (0 to 20.0 mg/L), or CCI approved
equivalent, shall be used to prepare the samples for analysis of mangan~se concentrations.

6.3.4.9 Oxidation/Reduction Potential
The ORP of groundwater is an indicator of the relative tendency of a solution to accept or
transfer electrons. Redox reactions in groundwater are usually biologically mediated; therefore,
the ORP of a groundwater system depends upon and influences rates of biodegr~dation. ORPs
can be used to provide real-time data on the location of the contaminant plume, especially in
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areas undergoing anaerobic biodegradation. The ORP of a groundwater sample taken inside the
contaminant plume should be somewhat lower than that of a sample taken in an upgradient
location.

The ORP of a groundwater sample can change significantly within a short time following
sample acquisition and exposure to atmospheric oxygen. Therefore, this parameter shall be
measured in a flow-through cell as described for DO in Section 6.3.4.1.

6.3.4.10 Chloride Measurements
During biodegradation of chlorinated solvents dissolved in groundwater, chloride is released
into the groundwater, resulting in accumulations of biogenic chloride. This results on chloride
concentrations in groundwater in the contaminant plume that are elevated relative to
background concentrations. In aquifers with relatively low background concentrations of
inorganic constituents, the concentration of chloride in the aquifer can be seen to increase as
chlorinated solvents are degraded. Chloride concentrations in groundwater shall be measured
in the field via titrimetric analysis using USEPA-approved Hach Kit 8P or CCI approved
equivalent.

6.3.4.11 Ammonia Measurements
The concentration of ammonia concentration is used as indicator of groundwater chemistry.
Often a significant percentage of bioavailable nitrogen in a groundwater system is present as
ammonia (NBJ). In addition, as discussed above (Section 6.3.4.5) nitrogen is an important
reductive dechlorination byproduct. Nitrogen commonly in the form of ammonia is consumed
during reductive dechlorination if the predominant groundwater geochemical conditions are
such that denitrification is the dominant dechlorination process present. In the case where
denitrification is occurring, nitrogen ·concentrations in groundwater in the source area will be
significantly lower than background concentrations. Ammonia concentrations in groundwater
shall be measured in the field using colorimetric analysis with a Hach® DR/700 Portable
Colorimeter. USEPA-approved Hach® Method 8155 or CCI approved equivalent, shall be used
to prepare the samples for analysis of ammonia concentrations.

6.3.5 Handling of Samples for Laboratory Analysis
This section describes the handling of samples from the time of sampling until the samples are
delivered to the laboratory.

6.3.5.1 Sample Preservation
The laboratory shall add any necessary chemical preservatives prior to shipping the sample
containers to the field. Samples shall be prepared for transportation to the analytical laboratory
by placing the samples in a cooler containing ice to maintain a ma~imum shipping temperature

. of 4°C.

6.3.5.2 Sample Container and Labels
Sample containers and appropriate container lids shall be provided by the laboratory. The
sample containers shall be filled as described in Section 6.3.3.4, and the container lids shall be .
tightly closed. The sample label shall be firmly attached to the container side, and the following
information shall be legibly and indelibly written on the label:

• Facility name;
• Sample station identification;
• Sample type (e.g., groundwater, soil, surface water, sediment);
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• Sampling date;
• Sampling time;
• Preservatives added;
• Sample collector's initials; and
• Analyses requested.

6.3.5.3 Sample Shipment
After the samples are sealed and labeled, they shall be packaged for transport via an overnight
carrier to the laboratory. The packaged samples shall be delivered to the laboratory as soon as
possible (well within holding limits) after sample collection.

The following packaging and labeling procedures shall be followed:
• Package sample so that it shall not leak, spill, or vaporize from its container;
• Cushion samples to avoid breakage; and
• Add ice to container to keep samples cool for the duration ofthe trip to the laboratory.

6.3.5.4 Chain-of-Custody Control
Chain-of-eustody (COC) documentation for the shipment of samples from the field to the
laboratory shall be completed. Subcontractor shall submit copies of completed cac to the CCI
Site Superintendent on a daily basis.

6.3.5.5 Sampling Records
In order to provide complete documentation of the sampling event, detailed records shall be
maintained by the field scientist. At a minimum, these records shall include the following
information:

• Sample location (facility name);
• Sample station identification;
• Date and time of sampling;
• Sampling method;
• Field observations of sample appearance and odor;
• Weather conditions;
• Water level prior to purging (groundwater samples only);
• Total monitoring welVwell depth (groundwater samples only);
• Purge volume (groundwater samples only);
• Monitoring welVwell condition (groundwater samples only);
• Sampler's identification;
• Field measurements of pH, temperature, DO, ORP, and specific conductance (groundwater

samples only); and
• Any other relevant information.

Groundwater sampling information shall be recorded on a groun4water sampling form. Sample
collection data such as collection location, sample identification number, collection time, and
final collection field parameters shall be recorded in the project field book.

6.3.5.6 Laboratory Analyses _
Laboratory analyses shall be performed on all groundwater and soil samples as well as the
QA/QC samples described in Section 6.3.6. The analytical methods for these sampling events
are listed in Table 4.4 (EMR Work Plan). Prior to sampling, the laboratory shall provide a
sufficient number ofanalyte-sPecific sample containers for the samples to be collected. All
containers, preservatives, and shipping requirements shall be consistent with USEPA protocol.
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Laboratory personnel shall specify the necessary QC samples and prepare appropriate QC
sample containers. For samples rE!quiring chemical preservation, preservatives shall be added
to containers by the laboratory.

All analyses shall be requested for a 7-ealendar day turnaround time basis. The results of the
analyses shall be forwarded to CCl within one day following receipt of the analytical results.
Analytical results shall also be provided to CCl electronically in accordance with the
specifications in Appendix C.

6.3.6 Sampling QA/QC
Quality assurance/quality control procedures are described in a site-specific QAPP that was
developed to address the data needs of this project. The following is a brief discussion of the
field QC samples to be collected and the laboratory QC samples required. A copy of the site­
specific QAPP will be provided to Subcontractor upon award of subcontract.

6.3.6.1 Field QA/QC Procedures
Field QA/QC procedures shall include collection of field duplicates/replicates and rinsate,
field, and trip blanks; decontamination of all equipment that contacts the sample medium
before and after each use; use of analyte-appropriate containers; and chain-of-eustody
procedures for sample handling and tracking. All samples to be transferred to the laboratory
for analysis shall be clearly labeled to indicate sample number, location, matrix (e.g.,
groundwater), and analyses requested. Samples shall be preserved in accordance with the
analytical methods to be used, and water sample containers shall be packaged in coolers with
ice to maintain a temperature of 4 degrees Celsius (0C) or less.

All field-sampling activities shall be recorded in a bound, sequentially paginated field notebook
in permanent ink. All sample collection entries shall include the date, time, sample locations
and numbers, notations of field observations, and the sampler's name and signature. Field QC
samples shall be collected in accordance with the program described below, and as summarized
in Table 4.5 (EMR Work Plan).

QA/QC sampling shall include collection and analysis of duplicate groundwater samples,
rinsate blanks, field/ trip blanks, and matrix spike samples. Intemallaboratory QC procedures
shall involve the analysis of laboratory control samples (LCSs) and laboratory method blanks
(LMBs). QA/QC objectives for each of these samples, blanks, and spikes are described below.

Duplicate groundwater samples shall be collected at a frequency of one for every 10 or fewer
samples of similar matrix. Each duplicate water sample shall be collected concurrently with,
and by the same method as, the primary sample. Duplicate water samples shall be analyzed for
VOCS and geochemical parameters.

One rinsate sample shall be collected for every 20 or fewer groundwater samples collected. The
rinsate sample shall consist of a sample of distilled water poured into or through the sampling
device and subsequently transferred into a sample container provided by the laboratory. If
dedicated sampling equipment is used, then only one rinsate sample shall be collected per
sampling device type to document the cleanliness of the dedicated equipment. Rinsate samples
shall be analyzed for VOCs only.

One field blank shall be collected for every 20 or fewer groundwater samples to assess the
effects of ambient conditions in the field. The field blank shall consist of a sample of distilled
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water poured into a laboratory-supplied sample container at the well while sampling activities
are underway. The field blank shall be artalyzed for VOCs only.

A trip blank shall be analyzed to assess the effects of ambient conditions on sampling results
during the transportation of samples. The trip blank shall be prepared by the laboratory, and
shall be transported inside each sample shipment containing samples for VOC analysis. Trip
blanks shall be analyzed for VOCs only.

6.3.6.2 Laboratory QC Procedures
Matrix spikes shall be prepared in the laboratory and used to establish matrix effects for
samples analyzed for VOCs. Sufficient extra sample volume shall be submitted to the
laboratory to allow matrix spike preparation and analysis. LCSs and LMBs shall be prepared
internally by the laboratory and shall be analyzed each day samples from the sites are analyzed.
Samples shall be reanalyzed in cases where the LCS or LMB are out of the control limits.
Control charts for LCSs and LMBs shall be developed by the laboratory and monitored for the
analytical methods used (Table 4.4 (EMR Work Plan)).

6.3.7 Measurement and Payment

Payment for this activity shall be lumpsum for performing all required sampling and testing of
soil and groundwater at baseline (prior to oil injection). Includes bulk density, volatile organic
compounds, and total organic carbon testing of soil sample collected from center of screened
interval from seven of newly installed wells. Cost shall include all required QA/QC sampling
and analyses. Payment for this item will not be made until all required tests are completed and
all data have been submitted to and accepted by CCl.

6.4 Pre-Oil Injection Aquifer Testing
Slug tests shall be conducted before and after oil injection on the three newly installed injection
wells to estimate the hydraulic conductivity of unconsolidated deposits at the site and to
estimate the impact of oil injection. In addition, slug tests shall be conducted prior to oil
injection on seven monitoring wells. Slug testing shall be preformed after the baseline
geochemical and contaminant sampling.

A slug test is a single-well hydraulic test used to determine the hydraulic conductivity of an
aquifer in the immediate vicinity of screened interval of the tested well. Slug tests can'be used
for both confined and unconfined aquifers that have a transmissivity of less than 7,000 square
feet per day (ft2/day). Slug testing can be performed using either a rising head or a falling head
test; at this site, both methods shall be used in sequence.

6.4.1 Definitions

• Hydraulic Conductivity (K). A quantitative measure of the ability of porous material to
transmit water; defined as the volume of water that will flow through a unit cross-sectional
area ofporous or fractured material per unit time under a unit hydr_aulic gradient.

• Transmissivity (T). A quantitative measure of the ability of an aquifer to transmit water.
It is the product of the hydraulic conductivity and the saturated thickness of the water­
bearing zone.

• Slug Test. Two types of tests are possible: rising head and falling head. A slug test
consists of adding a slug of water or a solid cylinder of known volume to the well to be
tested or removing a known volume of water or cylmder and measuring the rate of
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recovery of water level inside the well. The slug of a known volume acts to raise or lower
the water level in the well.

• Rising Head Test. A test used in an individual well within the saturated zone to estimate
the hydraulic conductivity of the surrounding formation adjacent to the screened interval
by lowering the water level in the well and measuring the rate of recovery of the water
level. The water level may be lowered by pumping, bailing, or removing a submerged slug
from the well.

• Falling Head Test. A test used in an individual well to estimate the hydraulic
conductivity of the surrounding formation adjacent to the screened interval by raising the
water level in the well by insertion of a slug or quantity of water, and then measuring the
rate of drop in the water level.

6.4.2 Equipment

The followin§ equipment shall be used to conduct a slug test:
• Teflon, PVC, or stainless steel slugs;
• Nylon or polypropylene rope;
• Electric water-level indicator;
• Pressure transducer/sensor;
• Field logbook/forms; and
• Automatic data recording instrument (such as the Hermit Environmental Data Logger®, In-

Situ, Inc. Model SE3000, or CCl approved equivalent).

6.4.3 General Test Methods

Aquifer hydraulic conductivity tests (slug tests) are accomplished by either removal of a slug or
quantity of water (rising head) or introduction of a slug (falling head), and then allowing the
water level to stabilize while taking water-level measurements at closely spaced time intervals.
Both rising and falling head slug tests shall be performed at each well by qualified and
experienced personnel.

Because hydraulic testing will be completed on existing wells, it will be assumed that the wells
were properly developed and that water levels have stabilized. Slug testing shall proceed only
after multiple water-level measurements over time show that static water levels are in
equilibrium. During the slug test, the water level change should be influenced only by the
introduction (or removal) of the slug volume. Other factors, such as inadequate well .
development or extended pumping, may lead to inaccurate results; in addition, slug tests shall
not be performed on wells with free product. The field scientist will determine when static
equilibrium has been reached in the well. The pressure transducer, slugs, and any other
downhole equipment shall be decontaminated prior to and immediately after the performance
of each slug test using the procedures described in Section 6.3.2.1. ,

6.4.4 Falling Head Test

The falling head test is the first step in the two-step slug testing procedure. The following steps
describe procedures to be followed during performance of the falling head test.

1. Decontaminate all downhole equipment prior to initiating the test.
2. Open the well. Where wells are equipped with watertight caps, the well should be

unsealed at least 24 hours prior to testing to allow the water level to stabilize. The
protective casing shall remain locked during this time to prevent vandalism.

3. Prepare the aquifer slug test data form with entries for:
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• Borehole/well number,
• Project number,
• Project name,
• Aquifer testing team,
• Climatic data,
• Top ofwell casing elevation,
• Identification ofmeasuring equipment being used,
• Static water level, and
• Date.

4. Measure the static water level in the well to the nearest O.OI-foot.
5. Lower the decontaminated pressure transducer into the well and allow the displaced

water to return to its static level. This can be determined by periodic water-level
measurements until the static water level in the well is within 0.01 foot of the original
static water level.

6. Lower the decontaminated slug into the well to just above the static water level in the
well.

7. Tum on the data logger and quickly lower the slug below the water table, being careful
not to disturb the pressure transducer. Follow the owner's manual for proper operation
of the data logger.

8. Terminate data recording when water level stabilizes in the well. The well will be
,considered stabilized for termination purposes when it has recovered 80 to 90 percent
from the initial displacement. '

6.4.5 Rising Head Test
After completion of the falling head test, the rising head test shall be performed. The following
steps describe the rising head slug test procedure:

1. Measure the water level in the well to the nearest O.OI-foot to ensure that it has
returned to the static water level.

2. Initiate data recording and quickly withdraw the slug from the well. Follow the
owner's manual for proper operation of the data logger.

3. Terminate data recording when the water level stabilizes in the well, and remove the
pressure transducer from the well and decontaminate. The well will be considered
stabilized for termination purposes when it has recovered 80 to 90 percent from the
initial displacement.

6.4.6 Measurement and Payment
Payment for this activity shall be on a lumpsum basis to perform the slug tests (falling head and
rising head) before and after oil injection at 3 injection wells; and at ,7 monitoring/contingency
wells prior to oil injection and submit data. Payment for this item will not be made until all
required tests are completed and all data have been submitted to and accepted by CCl.

6.5 Oil Injection and Process Monitoring

6.5.1 Oil Injection
After the background geochemical and contaminant sampling and slug testing have been
completed, an emulsion of 3,600 gallons of food-grade soybean oil/lecithin and 7,200 gallons
(total) of native water shall be injected into the three new injection wells as specified by below.
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The injection system and each injection point shall be filled with groundwater to remove
entrapped air and to pressure-test the system. Water with similar geochemical characteristics
(native) to the site groundwater shall be used for the injection to promote the development of a
healthy microbial population and avoid adverse changes to site geochemistry. An in-line mixer
shall be used to emulsify a total of 3,600 gallons of food grade vegetable oil/lecithin mixture
with a total of 7,200 gallons of native groundwater previously extracted from a groundwater
extraction well in close proximity to the newly installed injection wells. The oil-lecithin-water
emulsion shall be pumped into the injection wells until a total of 10,800 gallons of emulsion
have been injected into the shallow unconfined aquifer (Le., 3,600 gallons of oil-lecithin-water
emulsion into each well). The in-line mixer shall be operated with water for a period after
injection is complete to flush that portion of the system. Native groundwater shall continue to
be injected at -3.0 gpm until -60 gallons of native groundwater per well has been injected. This
post injection water push will serve to distribute the emulsion further into the aquifer in the
immediate vicinity of the injection wells. After the process has been completed, the presence of
phase-separated oil emulsion in the injection points and the impact on the groundwater table
elevation shall be measured with an oil-water interface probe.

NOTE: The vegetable/lecithin may be purchased from Central Soya Company
(www.centralsoya.com;800-348-0960) or other equivalent vendor. The quantity of lecithin
added will be determined by CCL

NOTE: Subcontractor shall install a temporary mechanical packer in the injection wells below
the screened interval prior to injecting oil+lecithin+water emulsion. Remove packers after the
emulsion is injected.

NOTE: Subcontractor shall allow access to CCl to the emulsifier for the purposes of adding
magnetite or iron filings to the emulsion prior to injection.

6.5.1.1 Measurement and Payment
Payment for this activity shall be gallons of actual oil+lecithin+water emulsion injected as
measured using a meter. This unit price for emulsion injection shall include full compensation
for storage, transportation, required testing of vegetable oil ; cost of native water addition;
emulsification; and injection of the emulsion. The cost of lecithin addition will be on a weight
(pound) basis.

6.5.2 Process Monitoring

The 3 injection wells, the 9 newly installed groundwater monitoring wells, the 3 newly installed
contingency monitoring wells and existing wells MS-46S, 27S, and MS-47S shall be sampled and
analyzed for the parameters listed in Table 4.4 (EMR Work Plan) at 2" 5, 8, and 12 months after
oil injection. Based upon the results of the field application, continued monitoring and further
injection of vegetable oil will be evaluated by CCL The procedures listed in Section 6.3 shall be
used for all sampling events.

Additionally, Subcontractor shall sample and analyze the 3 injection wells, the 9 newly installed
groundwater monitoring wells, the 3 newly installed contingency monitoring wells and existing
wells MS-46S,27S; and MS-47S for the parameters listed in Table 4.4 (EMR Work Plan) at 16,20,
and 24 months after oil injection upon receipt of authorization from CCL NOTE: This is an
option item and will be executed only if required.
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All analyses shall be requested for a 7-ealendar day turnaround time basis. The results of the
analyses shall be forwarded to CCI within one day following receipt of the analytical results.
Analytical results shall also be provided to CCI electronically in accordance with the
specifications in Appendix C.

6.5.2.1 Measurement and Payment
Payment for process monitoring system testing of 3 injection wells, 9 monitoring wells, 3
contingency wells, and wells MS-46S, 275, and 475 will be lumpsum for each sampling event.
The lump sum price shall include full compensation for sampling, handling and storage,
shipment, and analyses for each matrix (soil/sediment and water). Cost shall include all
required QA/QC sampling and analyses. Payment for this item will not be made until all
associated QA/QC sampling has been completed and the required sample and QA/QC data
have been submitted to and accepted by CCI.

6.6 Waste Management, Transportation, and Disposal
All generated wastes (soil from drilling, groundwater removed from monitoring and injection
wells during development or purging, small quantities of solvent contaminated vegetable oil,
water and solvents used for decontamination, and some personal protective equipment) shall be
containerized (in approved containers in accordance with 49 CFR 178) and transported to CCI­
designated temporary staging areas. All containers, holding tanks, and roll-off boxes must be in
good condition with no leaks cir damages. The temporary staging area shall be bermed and
lined with a polyethylene liner. Containers of solid and liquid wastes shall be neatly arranged
and stored in a secured onsite temporary staging area. Adequate aisle space shall be provided
between containers to allow the unobstructed movement of personnel and equipment.
Containers shall remain closed unless adding or removing material. Covers shall be properly
secured at the end of each workday. Hazardous waste storage areas shall contain emergency
equipment equivalent to hazard posed by waste. Typical items in a hazardous waste storage
area include: fire extinguisher, spill control kits, decontamination equipment, and an alarm
system (if radio equipment is not available to all staff working in storage area).

Subcontractor shall be responsible for maintenance of the containment/storage area, including
replacement of any worn or damaged containment materials. Daily inspections of the
containment/storage area shall be performed and documented to verify there are no ruptures
to containers or other conditions that could result in a release, to make sure all containers are
properly labeled, with labels visible, and to maintain good housekeeping.

Portable storage tanks for liquids shall be provided with covers and secondary containment.
Old labels shall be removed. Any tank arriving onsite with contents shall be rejected. Free
liquids that have accumulated in the secondary containment shall be pumped (or otherwise
removed) and combined with tank contents.

The labeling of waste containers, tanks, and roll-off boxes shall be in accordance with 49 CFR
172, 173 and 178 (and 40 CFR 262 for hazardous wastes). -

Drums shall be transported to the temporary staging areas on wood pallets and shall be secured
together with non-metallic bonding. .

All generated wastes shall be handled, stored, transported, and disposed of in accordance with
all applicable federal, state and local regulations. All generated wastes shall be disposed of
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within 60 days of the accumulation start date. All personnel handling hazardous waste shall be
trained in accordance with 49 CFR 172.704, 29 CFR 1910.120, and 40 CFR 262. All personnel
responsible for hazardous waste labeling, inspecting, profiling and manifesting shall be trained
in accordance with 29 CFR 1910.120 and 49 CFR 172 as amended by HM-181 and HM-126. All
vehicles carrying hazardous waste shall be placarded in accordance with 49 CFR 172. All
vehicles shall be adequately protected to prevent leakage or spillage during shipment.

Subcontractor shall coordinate with the on-site Navy O&M Contractor to schedule discharge of
all generated water to the NIROP Ground Water Treatment Facility (GWTF).

6.6.1 Management of Soil
All soil generated during well installation shall be stored in lined rolloff containers or 55-gallon
drums for characterization and disposal. Generated soil shall be sampled and analyzed as
specified in Table 4-5 for disposal characterization. To the extent possible, samples shall be
collected using disposable sampling equipment. If required, decontamination of field sampling
equipment shall be performed in accordance with Section 6.3.2.1.

Soil characterization samples shall be collected from the material contained in rolloffs or 55­
gallon drums. One composite sample shall be collected per roll-off or one per 4 drums or as
required by the disposal facility. The samples shall be collected as follows:
1. Choose four points in the rolloff (or four drums, if stored in drums) and place a marker (flag

or stake) at each point.
2. At each of the four points (or from each of the four drums, if stored in drums), collect grab

samples by performing the following steps:
2.1. Remove the top 12 inches of the soil using a stainless steel auger
2.2. Auger down another 6 inches, remove the sampler, and place the sample in a stainless

steel bowl.
3. Homogenize the four grab samples by quartering techniques using a stainless steel spoon.
4. Fill the appropriate sample jars with the homogenized sample
5. Close the jars, label, and package the sample for shipment to the laboratory.

NOTE: Samples for volatile organic compounds (VOCs) analysis shall not be composited and
homogenized. They shall be collected as discrete grab samples from the locations indicating
highest field screening test results.

All analyses shall be requested for a 7-calendar day turnaround time basis. The results of the
analyses shall be forwarded to CCI within one day following receipt of the analytical results.
Analytical results shall also be provided to CCI electronically in accordance with the
specifications in Appendix C.

Based on analytical results the soil shall be disposed of offsite as hazardous waste (non-Toxic
Substances Control Act (non-TSCA)) or non-hazardous special waste. Off site treatment or
disposal facilities shall use the waste profile and supporting documentation (e.g., analytical
data) to determine if they shall accept a waste. Hazardous wastes shall be sent to the
appropriate RCRA Subtitle C treatment, storage, or disposal facility. Non-hazardous wastes
shall be sent to Subtitle D facilities or municipal landfills, as appropriate. The treatment or
disposal facility shall be responsible for providing a copy of the final waste manifest and for
providing a certificate of destruction or disposal for each load of waste received..

6.6.1.1 Measurement and Payment
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This unit price for management of soil shall include full compensation to store, characterize,
transport and dispose of all generated soil in accordance with all-applicable rules and
regulations. This shall include all labor, equipment, containers, lower-tier Subcontractors,
loading and transporting wastes using properly licensed waste hauling vehicles, and offsite
disposal at CCl approved disposal facilities. Measurement will be made in pounds by quantities
listed on manifests, verified by weight tickets from certified scales, and approved by the
receiving facility. Payment will not be made until final signed manifests are received by CCL

6.6.2 Management of Generated Water
All water generated from this work shall be stored in portable holding tanks or 55-gallon
drums. Purge water that is visibly contaminated with vegetable oil shall be containerized
separately and characterized prior to disposal off site to an approved waste disposal facility as
hazardous (non-TSCA) or non-hazardous special waste based on analytical results. Water free
of vegetable oil shall be discharged at the NlROP GWTF for treatment and disposal.

Purge water containing free vegetable oil shall be sampled and analyzed as specified in Table 4­
5 for disposal characterization. To the extent possible, samples shall be collected using
disposable sampling equipment. If required, decontamination of field sampling equipment shall
be performed in accordance with Section 6.3.2.1. Disposal characterization samples shall be
collected from the portable holding tanks or drums using either a dip jar or bailer. The sample
containers for volatiles analyses shall be filled first. The 4D-ml vials shall be filled so that there is
no headspace in each vial. The sample containers for the remaining analyses shall then be filled.

All analyses shall be requested for a 7-calendar day turnaround time basis. The results of the
analyses shall be forwarded to CCl within one day following receipt of the analytical results.
Analytical results shall also be provided to CCl electronically in accordance with the
specifications in Appendix C.

6.6.2.1 Measurement and Payment
This Unit price for management of water shall include full compensation to store, characterize, .
transport and dispose of all generated decontamination water in accordance with all-applicable
rules and regulations. This shall include all labor, equipment, containers, lower-tier
Subcontractors, loading and transporting wastes using properly licensed waste hauling
vehicles, and disposal onsite via NlROP GWTF or off-site at CCl approved recycling/disposal
facilities. Measurement will be made in gallons by quantities measured in the flow meter for on­
site discharge or as listed on manifests and approved by the receiving facility for off-site
disposal. Payment will not be made until final signed manifests are received by CCl for off-site
disposal.

6.6.3 Management of Office Wastes, Construction Debris, and Personal Protective Equipment
All miscellaneous office waste and general construction debris (such as caution tapes,
barricades, signs, and packing materials) shall be containerized in accor.dance with all
applicable rules and regulations until it is disposed of offsite. No waste material and/or debris
shall be buried or otherwise allowed to remain on the site.

Office wastes and general construction debris without any contamination is classified as non­
hazardous construction debris and shall be disposed at a landfill permitted to accept such
wastes.
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Used personal protective equipment (PPE) includes disposable Tyvek® suits, gloves, booties,
and plastic sheeting. Contaminated PPE shall be placed in a plastic-lined 55-gallon drum
immediately after use, the drum shall be labeled to identify its contents and source of
generation, and characterized using process knowledge. Contaminated PPE shall be disposed as
non-hazardous or hazardous waste, depending on characterization. Used uncontaminated PPE
shall be disposed of as non-hazardous wastes at a Subtitle D facility or municipal landfill, as
appropriate.

6.6.3.1 Measurement and Payment
Payment for this activity shall be lump sum to include full compensation to complete required
the required storage, transportation, and disposal of all miscellaneous wastes indicated above.

6.7 Transportation and Disposal
Subcontractor shall identify transportation and disposal facilities. Upon award of Subcontract,
Subcontractor must provide all information identified in Appendix E6 for those facilities
identified in the initial bid at the tiine of submittal of pre-work submittals (see Section 2.0). This
information shall be provided to CCI for their approval of the facilities.

6.7.1 Transportation
Each transportation vehicle and load of waste shall be inspected before leaving the site. The
quantities of waste leaving the site shall be recorded. Transportation of non-hazardous wastes
shall be completed by a transporter licensed for commercial transportation. In the event that
wastes are hazardous, the transporter shall be licensed in accordance with 49 CFR 171-179. A
copy of the documentation indicating that the selected transporter has appropriate licenses shall
be received prior to transport of any waste material.

The transporter shall be responsible for weighing loads at a Department of Transportation
certified scale. For each load of material, weight measurements shall be obtained for each full
and empty container or dump truck. Disposal quantities shall be based on the difference of
weight measurements between the full and empty container or dump truck. Tanker trucks,
drums of liquids, and temporary storage tank volumes shall be measured on site. Weights and
volumes shall be recorded on the waste manifest. Copies of weight tickets shall be provided
with the final manifest.

The following procedures also shall be observed when transporting wastes off site:

• Minimize impacts to general public traffic
• Repair road damage caused by construction and/or hauling traffic
• Clean-up material spilled in transit
• Line and cover trucks/trailers used for hauling contaminated materials to prevent releases

and contamination
• Decontaminate vehicles prior to re-use, other than hauling contaminated material
• All personnel involved in off site disposal activities shall follow safety and spill response

procedures outlined in the SSHP .
• No materials from other projects shall be combined with materials from NIROP Fridley
• Seal trucks transporting liquids

6.7.2 Manifests/Shipping Documentation
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Each load of waste material shall be manifested prior to leaving the site. At a minimum, the
manifest shall include the following information:

• Transporter information including name, address, contact and phone number
• Generator information including name, address, contact, and phone number
• Destination site name including street!mailing address
• Description of waste (e.g. petroleum contaminated waste)
• Appropriate waste codes (if applicable)
• Type of container
• Quantity of waste (volumetric estimate)
• LDR Notification/Certification (if applicable)

A carbon copy of the initial manifest form for each load shall be retained on site and attached to
the Daily Production Report.

If the signed hazardous waste manifest from the designated offsite facility is not received within
35 days, the transporter or the designated facility shall be contacted to determine the status of
the waste. If the signed hazardous waste manifest has not been received within 45 days, an
"Exception Report" shall be prepared for the Navy and the Navy will submit it to the State of
Minnesota, as required under 40 CFR 262.42.

6.7.3 Waste Disposal Log
A log of all generated wastes shall be maintained at the site. At a minimum, the log shall
include the type of waste, source of waste, quantity of waste, waste accumulation start date,
sampling data, and disposal information.

6.7.4 Disposal of Waste Streams
Off site treatment or disposal facilities shall use the waste profile and supporting
documentation (e.g., analytical data) to determine if they will accept a waste. Hazardous wastes
shall be sent to the appropriate RCRA Subtitle C treatment, storage, or disposal facility. Non­
hazardous wastes shall be sent to Subtitle D facilities or municipal landfills, as appropriate. The
treatment or disposal facility shall be responsible for providing a copy of the final waste
manifest and for providing a certificate of treatment or disposal for each load of waste received.

Consistent with theCERCLA Offsite Policy (58 FR 49200, September 22, 1993), wastes shall be
transported to and treated or disposed at an offsite facility determined acceptable by the EPA
Regional Off-Site Contact. According to 40 CFR 300.400(b), the Regional Contact determines
that the facility has no significant violations, and has no releases of hazardous substances (for
RCRA Subtitle C facilities).

6.7.5 Records/Reporting
The following records and documents shall be maintained:

• Transportation and offsite disposal records, including:
- Profiles and associated characterization data
- Manifests, Land Disposal Restriction notifications/certifications, bills of lading, and other

shipping records
- Offsite facility waste receipts
• Training records
• Inspection records
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Additionally, Material Data Safety Sheets (MSDSs) for al chemicals brought onsite shall be
maintained at the site.

6.8 Site Restoration and Demobilization
SeedinWMulching:
Areas to be seeded/mulched shall be prepared by placing six inches of topsoil to match existing
grades and slopes. The topsoil for this' work shall be uniform in quality and gradation, and shall
be free of roots, sod, weeds, and stones larger than 2 inches.

After topsoil placement has been completed, areas to be seeded/mulched shall be raked or
otherwise cleared of stones larger than 2 inches in any diameter, sticks, stumps, and other
debris which might interfere with sowing of seed, growth of grasses, or subsequent
maintenance of grass-eovered areas. If any damage by erosion or other causes has occurred after
the completion of grading and before beginning the application of seeding/mulching,
Subcontractor shall repair such damage. This may include filling gullies, smoothing
irregularities, and repairing other incidental damage.

Native grass seed shall be applied at a rate sufficient to establish growth and the area shall be
mulched and watered till growth is established.

Final Restoration of Areas
Upon completion of the work at each location, all field equipment, temporary facilities, and
other miscellaneous items (e.g., barricades, caution tapes and signs) resulting from or used in
the field operations shall be removed. All lockout/ tagout equipment on utilities shall be
removed.

Final Decontamination:
Personnel and equipment shall be decontaminated prior to leaving the area to avoid the
possibility of inadvertently spreading contamination. Equipment shall be properly
decontaminated to remove all contamination that may be adhering to the equipment
components as a result of the remedial action. Decontamination of personnel and equipment
shall be performed in accordance with the Site Health and Safety Plan and the applicable
provisions of 29 CFR 1910.120.

The Subcontractor, solely at the Subcontractor's expense, shall restore any cross-eontamination
of Navy property or public thoroughfare. All office wastes and general construction debris
generated by Subcontractor's demobilization activities shall be properly disposed of offsite.

Demobilization:
Following approval from CCI, all personnel, equipment, temporary facilities and utilities shall
be demobilized from the site.

6.8.1 Measurement and Payment
Payment for this activity shall be lump sum to include full compensation to complete required
site restoration and demobilization. .
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FIGURE 1.1

LOCATION OF VEGETABLE OIL
INJECTION PILOT TEST

Vegetable Oil Injection Pilot-Scale Study
NIROP Fridley, Minnesota

PARSONS
PARSONS ENGINEERING SCIENCE. INC.

Denver, Colorado
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EMR SOP 1: SOIL CLASSIFICATION

This Standard Operating Procedure (SOP) outlines the order ofdescriptive tenns and
parameters to be described in soil classification.

1.0 FIELD CLASSIFICATION OF SOILS

Soils will be classified in the following order for fine-grained soils: consistency, Munsell
color (color name), structure, grain size, soil structure, soil classification name, moisture,
and comments. Course-grained soils shall be described in the following order: relative
density, color, structure, particle size angularity, group name, and moisture.

1.1 CONSISTENCYIDENSITY

For intact fine-grained soil, describe consistency as very soft, soft, medium stiff, stiff,
very stiff or hard, based on blow counts per foot. For coarse-grained soils, describe
density based on blows per foot (if available) as very loose, loose, medium dense, dense,
and very dense.

1.2 CONSISTENCYIDENSITY BASED ON BLOW COUNTS

Tenn 1.4"ID 2.0"ID 2.5"ID Tenn 1.4"D 2.0"D 2.5"D
Very Soft 0-2 0-2 0-2 Very Loose 0-4 0-5 0-7
Soft 2-4 2-4 2-4 Loose 4-10 5-12 7-18
Medium Stiff 4-8 4-9 4-9 Medium Dense 10;.29 12-37 18-51
Stiff 8-15 9-17 9-18 Dense 29-47 37-60 51-86
Very Stiff 15-30 17-39 18-42 Very Dense >47 >60 >86
Hard 30-60 39-78 42-85
Very Hard >60 >78 <85

NOTE: 140 lb. hammer dropped 30 inches

Ifblow counts are not available, perfonn the field test described in the following table to
detennine consistency:

1.3 CRITERIA FOR DESCRIBING CONSISTENCY

Description

Very Soft
Soft
Finn
Hard
Very Hard

Criteria

Thumb will penetrate soil more than 1 in. (25 mm)
Thumb will penetrate soil about 1 in. (25 mm)
Thumb will indent soil about ~ in. (6 mm)
Thumb will not indent soil but readily indented with thumbnail
Thumbnail will not indent soil
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2.0 COLOR

Use the Munsell Soil Color Chart. List in soil classification by Munsell designation and
assigned color name in parentheses. Example: 10 YR 6/1 (gray).

3.0 SOIL STRUCTURE DESCRIPTIONS

Description

Stratified

Laminated

Fissured

Slickensided

Blocky

Lensed

Criteria

Alternating layers ofvarying material or color with layers at least six
millimeters thick. Thickness should be recorded.

Alternating layers of varying materials or color with layers less than six
millimeters thick. Thickness should be recorded.

Breaks along definite planes of fracture with little resistance to
fracturing

Fracture planes appear polished or glossy, sometimes striated

Cohesive soil that can be broken down into small angular lumps which
resist further breakdown

Inclusion of small pockets of different soils, e.g., small lenses of sand
scattered through a mass ofclay. Thickness should be recorded.

Homogeneous Uniform color and/or appearance throughout.

4.0 GRAIN SIZE DEFINITIONS

Description

Boulders

Cobbles

Gravel

Criteria

Particles of rock that will not pass a 12" square opening.

Particles of rock that will pass a 12" square opening & retained on a 3"
sieve.

Particles ofrock that will pass a 3" sieve & retained on a No.4 sieve
with the following subdivisions:

• Coarse Gravel: passes a 3" sieve & retained on a %" sieve
• Fine Gravel: passes a %" sieve & retained on a No.4 sieve



Sand

Silt

Clay
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Particles of rock that will pass a No.4 sieve & retained on a No. 200
sieve with the following sub-divisions:

• Coarse Sand: passes a No.4 sieve & retained on a No. 10 sieve
• Medium Sand: passes a No. 10 sieve & retained on a No. 40 sieve
• Fine Sand: passes a No. 40 sieve & retained on a No. 200 sieve

Soil passing a No. 200 sieve that is non-plastic or very slightly plastic
and that exhibits little or no strength when air-dried. Individual silt
particles are not visible to the naked eye.

Soil passing a No. 200 sieve that can be made to exhibit plasticity within
a range ofwater contents and that exhibits considerable strength when
air-dried. Individual clay particles are not visible to the naked eye.

5.0 SOIL CLASSIFICATION NAME

Well Graded Gravel or Sand: If it has a wide range ofparticle sizes and substantial
amounts of the intermediate particle sizes.

Poorly Graded Gravel or Sand: If it consists predominantly of one-grain size (uniformly
graded) or has a wide range of sizes with some intermediate sizes obviously missing (gap
or skip graded)

Silty or Clayey Gravel or Sand: If the percentage of fines is estimated to be 15% or
more.

"With Sand" or "With Gravel": If the soil is estimated to have 15% to 25% sand or
gravel, or both, the words "with sand" or ''with gravel" (whichever is predominant) shall
be added to the group name. Example: "lean clay with sand (CL)".

"Sandy" or "Gravelly": If the soil is estimated to have more than 30% or more sand or
gravel, or both, the words "sandy" or "gravelly" will be added to the group name.
Example: "sandy silt (ML)"

Lean Clay (CL): Soil has medium to high dry strength, no or slow dilatancy, and
medium toughness and plasticity.

Fat Clay (CR): Soil has high to very high dry strength, no dilatancy, and high toughness
and plasticity.

Silt (ML): The soil has no to low dry strength, slow to rapid dilatancy, and low
toughness and plasticity or is non-plastic.

Elastic Silt (MH): The soil has low to medium dry strength, no to slow dihitancy, and
low to medium toughness and plasticity; will air dry more quickly than lean clay and
1?ave a smooth, silky feel when dry.
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Organic Soil COL or OR): The soil contains enough organic particles to influence the soil
properties. Organic soils usually have a dark brown to black color and may have an
organic odor. Often, organic soils will change color, for example, from black to brown,
when exposed to the air. Organic soils normally will not have a high toughness or
plasticity.

6.0 MOISTURE

Describe the moisture condition of the soils as dry (absence ofmoisture, dusty, dry to the
touch), moist (damp but no visible water), or wet (visible free water, saturated).

7.0 COMMENTS

ODOR

Due to health and safety concerns, NEVER intentionally smell the soil. This could result
in exposure to volatile contaminants that may be present in the soil. Ifhowever, an odor
is noticed, it should be described if organic or unusual.

PRODUCT OBSERVATION

The last comment of the visual description of soil should contain a description of any
potential contaminant or anthropogenic material. Sites where petroleum hydrocarbons
are investigated, note whether free product, hydrocarbon absorbed to soil or hydrocarbon
odor was observed. Additionally, note whether the hydrocarbon is light (such as
gasoline), medium (such as diesel) or heavy (such as waste oil).

CEMENTATION

Describe the cementation on intact coarse-grained soils as weak, moderate or strong, in
accordance with the following criteria:

• Weak: Crumbles or breaks with handling or little finger pressure
• Moderate: Crumbles or breaks with considerable fmger pressure
• Strong: Will not crumble or break: with finger pressure

ANGULARITY

Describe the angularity of the sand (coarse sizes only), gravel, cobbles, and boulders, as
angular, sub-angular, sub-rounded or rounded in accordance with the following criteria: .

• Angular: particles have sharp edges and relatively planar sides with unpolished
surfaces.

• Sub-angular: particles are similar to angular description but have rounded edges.
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• Sub-rounded: particles have nearly plane sides but have well-rounded comers
and edges.

• Rounded: particles have smoothly curved sides and no edges.

8.0 PHYSICAL CHARACTERISTICS

8.1 CRITERIA FOR DESCRIBING DRY STRENGTH

Description

None

Low

Medium

High

Very High

Criteria

The dry soil crumbles into powder with mere pressure ofhandling.

The dry soil crumbles into powder with some finger pressure.

The dry soil breaks into pieces or crumbles with considerable finger
pressure.

The dry soil cannot be broken with finger pressure. Soil will break into
pieces between thumb and a hard surface.

The dry soil cannot be broken between the thumb and a hard surface

8.2 CRITERIA FOR DESCRIBING TOUGHNESS

Description Criteria

Low Only slight pressure is required to roll the soil into a thread (1/8" in
diameter) near the plastic limit. The thread and the lump (after the
thread crumbles, lump soils together until the lump crumbles) are weak
and soft.

Medium Medium pressure is required to roll the thread to near the plastic limit.
The thread and the lump have medium stiffness.

High Considerable pressure is required to roll the thread to near the plastic
. limit. The thread and the lump have very high stiffness.
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8.3 CRITERIA FOR DESCRIBING PLASTICITY

Description

Non-plastic

Low

Medium

High

Criteria

A 1/8" (3-mm) thread (soil rolled into a thread 1/8" in diameter) cannot
be rolled at any water content.

The thread can barely be rolled and the lump (after the thread crumbles,
lump soils together until the lump crumbles) cannot be fonned when
drier than the plastic limit.

The thread is easy to roll and not much time is required to reach the
plastic limit. The thread cannot be rolled after reaching the plastic limit.
The lump crumbles when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit.
The thread can be re-rolled several times after reaching the plastic limit.
The lump can be fonned without crumbling when drier than the plastic
limit.



'i""' :

EMR SOP 2: SOIL SAMPLING

This standard operating procedure (SOP) outlines procedures for field screening, sample
collection and laboratory analysis ofcontaminated soils.

1.0 EQUIPMENT CALIBRATION

Calibrate the Pill according to the following process:

STEP 1:

STEP 2:

Set-up the calibration assembly as follows: Connect tubing to the pressure
regulator and the regulator to the calibration standard cylinder (100 ppm
Isobutylene). Connect the tubing from the regulator to the detector inlet of
the Pill.

Power-up the instrument by connecting the power plug on the back of the
meter and follow these procedures:

PRESS THIS
ON/OFF
MODE/STORE
+/CRSR 4 Times
RESET
-/CRSR

RESET

+/INC
*Open flow regulator
RESET
MODE/STORE

OBSERVE THIS
Sampling Pump On
LOG THIS VALUE?
RESET TO CALffiRATE
RESTORE BACKUP
ZERO GAS RESET WHEN READY
(Note: Make sure you are in a clean area.)

ZEROING then SPAN PPM=
(Note: Value following "Span PPM" must equal
PPM of calibration gas.)

SPAN GAS RESET WHEN READY

CALffiRATING
Current PPM ofgas

Storage: The power plug should be disconnected while in storage. The Pill should
be kept charged at all times. The calibration cylinder should be kept in the
carrying case and maintain enough pressure to ensure enough gas for
future calibrations.

2.0 FIELD SCREENING PROCEDURES

STEP 1:

STEP 2:

Half-fill a self-sealing quart size polyethylene freezer bag so the volume
ratio of soil to air is equal and seal immediately. Break up any soil clumps
in the bag.

Allow headspace to develop for at least 10 minutes. When temperatures
reach below 32 degrees F, place the soil sample in an area where itcan be
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kept at or above 40 degrees F. Shake the bag for 15 seconds at the
beginning and end of headspace development. A headspace reading
should be collected within 20 minutes of sample collection. Record
ambient temperature during headspace analysis.

STEP 3:

STEP 4:

Introduce the sampling probe through a small hole in the bag to a point
one-half of the headspace depth. Keep the probe free ofwater and soil
particles.

Record the highest meter response on the Headspace Analysis Log
(Attachment C2 - EMR QAPP) or a different appropriate form.

3.0 SOIL SAMPLING PROCEDURES

STEP I: To minimize cross-contamination, use dedicated or properly decontaminated
sampling equipment. Wear clean sampling gloves at each sampling point.

STEP 2: When sampling soils from the sidewalls or floor of an excavation or soil pile,
remove at least one foot of exposed soil to ensure a fresh sample is collected.

STEP 3: Label all sample containers prior to filling with the information including:
company name, project name, sampling point, sampling interval, analysis,
time, date, preservative used and initials of the person collecting sample.

STEP 4: When sampling from a split spoon sampler, collect the sample immediately
after opening the sampler, to minimize losses due to volatilization.

STEP 5: Soil samples will be collected from the interval nearest the vertical center of
the well screen location. Collect soil samples directly into the appropriate
sample containers. VOC sample containers should be packed full to
minimize volatilization. DO NOT USE soils previously used for soil
screening.

STEP 6: Place in a covered cooler filled with ice. Secure cooler lid and place in a
secure area until shipment.

STEP 7: Fill out chain-of-custody and place in a self-sealing bag.



EMR SOP 3: AQUIFER CHARACTERISTIC TESTING

This Standard Operating P~ocedure (SOP) outlines the procedures for conducting both
rising and falling head methods of aquifer characteristic (slug) testing. Slug testing can be
used on either confined or unconfined aquifers with a transmissivity less than 7,000
square feet per day (ft?/day).

Slug tests will consist of two tests; rising head and falling head methods, and will be
conducted only after the test well has been fully developed. The methods are described
below:

1.0 FALLING HEAD TEST

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

STEP 7:

STEP 8:

Unlock and open the test well a minimum of 24 hours prior to the test.
Replace and lock the protective top.

Decontaminate all downhole equipment according to procedures outlined
in SOP 6.

Measure water level to within 0.01 feet with an electronic water level
indicator.

Lower the Hermit datalogger pressure transducer to near the bottom of the
well and determine the depth to the top of the transducer. Tum datalogger
on.

Quickly lower the slug into the water. Be careful not to disturb the
pressure transducer with the slug.

Record data including: test start time; test end time; beginning/ending
static water level; data file name; and transducer depth on the slug test
report form during the test (Attachment C2 - EMR QAPP).

Terminate the test when the water level has fallen to with 80 to 90 percent
of the beginning static water.

Leave all equipment in the test well.

2.0 RISING HEAD TEST

Following the completion of the falling head test the rising head test will be performed.

STEP 1: With the Hermit datalogger on and the transducer in place, quickly remove
the slug from the well.



STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:
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Record data including: test start time; test end time; beginning/ending
static water level; data file name; and transducer depth on the slug test
report form during the test (Attachment C2 - EMR QAPP).

Tenninate the test when the water level has fallen to within 80 to 90
percent of the beginning static water.

Decontaminate all downhole equipment following the completion of the
rising head test.

Download data files from the Hennit datalogger.

Submit data files to the Contractor at the end of each day.



EMR SOP 4: GROUNDWATER SAMPLING

This standard operating procedure (SOP) outlines procedures for groundwater sample
collection.

1.0 PREPARATION

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

Calibrate all instruments to be used.

Decontaminate all required equipment (See SOP 6).

Always measure water levels from least contaminated to most
contaminated monitoring well.

Open all monitoring wells and allow enough time to ensure water
stabilization. Take Pill readings when opening a well, note any readings
in field notebook. This only needs to be done at a new site with unknown
levels of contaminants or at wells whose VOC concentration in air exceed
standards set by the health and safety plan.

Take static water level readings of all w~lls on site within 1 hour of each
other, after water levels have stabilized. Measurements are taken on the
north side ofthe well or where marked by the surveyor. Make sure
reading is stable for a minimum of two minutes. Measure to the nearest
0.01 foot. Take a total well depth reading (unless this infonnation is
previously known). At a minimum, decontaminate water level indicator
between wells or more frequently as needed. Record readings on the
Groundwater Collection Form (Attachment C2 - EMR QAPP).

Complete purge calculation.

2.0 PURGING PROCEDURES (BLADDER PUMP)

STEP 1:

STEP 2:

STEP 3:

Always proceed in order from least contaminated to most contaminated
when purging and sampling monitoring wells. When unknown, sample
wells in an upgradient sequence. Sample the farthest downgradient well
first and work towards the contamination source..

A clean pair ofnitrile gloves will be worn whenever hands will be in
contact with groundwater or whenever in. contact with potentially
contaminated sampling equipment. Gloves will be changed before the
collection ofgroundwater samples and in between monitoring wells.

Lower the bladder pump to within 2 feet from the bottom of the well and
begin to purge water within the well. Secure the pump lifting cable to
ensure that the pump maintains the proper depth.



STEP 4:

STEP 5:

STEP 6:

STEP 7:
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Make all connections between the air compressor, bladder pump controller
and bladder pump. Check for air leakage and correct if necessary. Adjust
controller for a discharge of approximately 500 ml/minute.

Connect the bladder pump discharge line to the flow cell. Record well
head parameters consisting ofpH, temperature, specific conductance,
dissolved oxygen (DO), turbidity and oxidation/reduction potential
measurements from water discharged through the flow cell. In order to
obtain stable DO readings, the DO probe will be positioned so as to
minimize aeration and to ensure water flow around the probe tip. Continue
to collect data for these parameters at 1 gallon intervals.

A minimum of3 well volumes is required for purging. If water quality
parameters do not stabilize within 3 well volumes, a minimum of 5 well
volumes are required to be purged. If a well is evacuated to a dry state
during purging, the well will be allowed to recharge, and the sample will
be collected as soon as sufficient water is present in the well to obtain the
necessary sample quantity.

Water quality parameters are stabile when:

• pH +/- 0.1 units
• temperature +/- 0.1 degrees Celsius
• specific conductance +/- 5%
• dissolved oxygen +/- 2%
• turbidity </= to 5 NTU (10 NTU is acceptable for trace metals or

trace organics)

Record all data on the Groundwater Sampling Form (Attachment C2 ­
EMRQAPP).

3.0 LABORATORY SAMPLE COLLECTION

STEP 1: Label all bottles before sample collection using an indelible marker to
include the following

• Facility Name:
• Sample Station identification
• Sample Type
• Sampling Date;
• Sampling Time;
• Preservatives Added;
• Sample Collector's Initials;
• Analysis Requested;
• Company Name.



STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

STEP 7:
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The pump intake will remain at the bottom of the well unless otherwise
directed by CCI. Fill bottles directly from the bladder pump's discharge
hose in a way that minimizes turbulence and overfilling. Samples will be
collected into the appropriate sample container.

Fill VOC bottles in such a way that no air bubbles remain in the 40 ml
vial. Open preserved bottles just prior to filling to minimize preservative
volatilization. When sampling for compounds that are highly volatile, fill
bottles with a positive meniscus. Otherwise, fill the bottle until it is 95%
full. If the bladder pump discharge cycle is not sufficient to fill a specific
container, the container will be tightly sealed between bladder pump
cycles.

NOTE: Keep open bottles containing preservative away from the mouth
and eyes to avoid inhalation ofvapors.

For samples that require filtering, connect filter to the sampling pump
discharge line, force sample water through filter for a minimum of three
purge cycles before collecti!1g samples.

Collect samples according to the following order:
• major and minor ions
• nitrates
• cyanide
• trace metals
• chromium VI
• "miscellaneous" parameters
• volatile organics (VOCs, BETX, DRO, GRO)
• semi-volatile organics (PAH, PCB)
• dioxin and dibenzo furans
• coliform bacteria
• total organic carbon
• total phosphorus
• sulfide
• radium, gross alpha, and gross beta
• containers for on-site analyses

Collect a QNQC samples as directed by Table 4.5 of the EMR Work
Plan.

Place all samples on ice immediately after collection. Place cooler in a
secure location until shipment.

Fill out the Chain-of-Custody (COC) form (provided by CCI). Include
instruction for 7-day turnaround time on COC form. Forward all submitted
COC forms to CCI personnel within 24 hours. .
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4.0 MOBILE LABORATORY ANALYSIS

Samples will be collected directly from the pump discharge tube into a sample container
appropriate for the desired analysis. The samples will be collected in such a way that
water will be directed down the inner walls of the sample bottle to minimize aeration of
the sample. The sample collection and procedure for each of the analytes to be analyzed
in the field is provided below:

Carbon dioxide
Carbon dioxide concentrations in ground water will be measured in the field by
titrimetric analysis using Hach ® Method 8223 (0 to 250 mg/L as CO2).

Alkalinity
Alkalinity of the ground water sample will be measured in the field by titrimetric analysis
using Hach ® Method 8221 (0 to 5,000 mg/L as calcium carbonate).

Sulfate
Sulfate and sulfide concentrations will be measured by colorimetric analysis with a
portable colorimeter (Hach ® DR/700). The groundwater samples will be prepared for
analysis using Hach ® Methods 8051 (0 to 70.0 mg/L sulfate) and 8131 (0.60 mg/L
sulfide).

Ferrous Iron
Iron concentrations will be measured in the field by colorimetric analysis with a portable
colorimeter (Hach ® DR/700) after appropriate groundwater sample preparation using
Hach ® Method 8146 for ferrous iron (0 to 3.0 mg/L).

Manganese
Manganese concentrations will be measured in the field using colorimetric analysis with
a portable colorimeter (Hach ® DR/700) after appropriate groundwater sample
preparation using Hach ® Method 8034 (0 to 20.0 mg/L).

Chloride
Chloride concentrations in ground water will be measured in the field by titrimetric
analysis using HACH ® Method 8113 (0 to 20 mgIL as Cr)..

Ammonia
Ammonia concentrations will be measured in the field by colorimetric analysis with a
portable colorimeter (Hach ® DR/700) after appropriate groundwater sample preparation
using Hach ® Method 8155 for ammonia.

Hydrogen Sulfide
Hydrogen Sulfide concentrations will be measured in the field by colorimetric analysis
with a portable colorimeter (Hach ® DR/700) after appropriate groundwater s~ple
preparation using Hach ® Method 8131 for hydrogen sulfide.



EMR SOP 5: OIL INJECTION AND SPCC PLAN

This standard operating procedure (SOP) outlines procedures for the injection of soybean
oil into 3-inch diameter injection wells and spill prevention and control guidelines.

1.0 GROUNDWATER EXTRACTION

STEP 1: Place storage tanker(s) in a location central to both the extraction and
injection wellheads.

STEP 2: Connect discharge outlet from extraction well pump to storage tanker(s)
and initiate removal of groundwater.

STEP 3: Frequently monitor water level in each chamber of the storage tanker to
ensure that overfilling will not occur.

STEP 4: Stop pumping as necessary to switch chambers in the storage tanker(s).
Repeat as necessary until a total of7,200 gallons of water has been
removed from the extraction well.

2.0 SYSTEM SETUP

STEP 1: Locate oil storage tanker near water storage tanker(s) in a central position
near the injection wellheads.

STEP 2: Position mixing and injection and emulsifier/water tanks in a central
position between the oil and water storage tankers and the injection
wellheads.

STEP 3: Place and secure a decontaminated mechanical packer into well at a depth
equivalent to the bottom of the well.

STEP 4: Using 2-inch diameter hoses equipped with camcouplers, connect the
mixing tank to the storage tankers. Connect the intake side of the trash
pump to the mixing tank with a 2-inch diameter cam-coupler equipped
hose. The outlet of the trash pump will be connected to a 2-inch diameter
hose with sufficient length to reach the fill-all on both the mixing and
injection tank. Connectthe inlet for the diaphragm pump to the injection
tank and "the air compressor with appropriate hoses. Place an inline flow
meter between the air diaphragm pump and the wellhead. Make
connections (including the flow meter) between the discharge side of the
diaphragm pump and the injection well head.

STEP 5: Fill the injection tank with water. Start air diaphragm pump to fill the
system while bleeding air off from the wellhead connection. Secure the
wellhead connection once all air has been removed from the system.
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Check system components and connections for leakage and correct if
necessary.

3.0 OIL INJECTION

STEP I: Pump or gravity feed appropriate volumes of the lecithin/water and
vegetable oil into the mixing tank:. The final ratio should be 2 part
emulsifier/water to I part vegetable oil.

STEP 2: Mix emulsifier/water and soybean oil thoroughly by recirculating the
solution with the trash pump.

STEP 3: Shut off the trash pump. Move the end of the discharge hose from the
mixing tank: fill-al1 to the injection pump. Start the trash pump to transfer
the solution to the injection tank.

STEP 4: Start air compressor and begin pumping solution into the injection wel1.
Note the injection start time, beginning injection tank: volume, and wel1
head pressure readings. Periodical1y monitor air flow and well head
pressure.

STEP 5: Repeat steps I and 2 during the injection process to prepare the next
injection solution batch. When injection tank is empty repeat step 3 to
refil1 the injection tank.

STEP 6: Repeat steps I through 5 until approximately 3,600 gal10n of solution has
been pumped into the injection well.

STEP 7: When injection is complete, pump 60 gal10ns of extraction water into the
injection tank at a rate of 3 gpm.

STEP 8: Check for presence of oil within wel1 with oiVwater interface probe.
Document oil (if applicable) and water levels on the oil injection form
(Attachment C2 - EMR QAPP).

STEP 9: At the end of each day or inbetween injection \\;"el1s bleed offpressure
from wellhead by slowly loosening the cam-coupler at the wel1 head
connection. When pressure has reached atmospheric levels, remove the
hose and connections from the wellhead and run hose contents back into
injection tank:. Place end ofhose into the injection tank·fil1 al1.

STEP 10: Remove mechanical packer from well and properly decontaminate.
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4.0 SPILL PREVENTION AND CONTROL PLAN

The purpose ofthis is to outline procedures to prevent the discharge ofoil and petroleum
into the environment, especially to surface water. This type ofdischarge is specifically
prohibited by law if:

• It affects water quality.
• It causes a film, sheen, or discoloration ofthe water, itself.
• It causes a film, sheen, or discoloration upon the water surface.
• It causes a film, sheen, or discoloration upon the adjoining shorelines.
• It causes a sludge or emulsion to be deposited beneath the surface of the water.
• It causes a sludge or emulsion to be deposited upon adjoining shorelines.

In addition, this plan creates mechanisms for response to discharges. The aim is to minimize
any impact to human health, the environment, and employee safety.
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Spill Prevention

General. This section summarizes the potential causes ofreleases and associated in-place
preventive controls. Spills and releases are most likely to result from equipment failure or
operator error:

1. Operator error during loading/unloading or refueling operations. Potential errors include
overfilling, not disconnecting lines prior to vehicle departure, drain valves being left
open, or fill valves being left open allowing precipitation to enter and cause tank
overflow. Specific procedures have been developed to minimize this potential in line
with the requirements of the Department ofTransportation. These include regular
periodic inspections, locking valves when not in use, and on-the-job training in correct
procedures. If secondary containment is provided, a release is unlikely; however,
operators still need to be instructed in proper procedures to prevent releases from
secondary containment.

,
2. Rupture ofpiping, pressure fittings, or tanks, or another form ofequipment failure. To

minimize the potential for a significant release from equipment failure, regular
inspections and maintenance need to be performed, and noted problems are addressed in
a timely manner by repair, replacement, or removal ofequipment from service.

3. Puncture oftanklcontainers or associated piping by heavy equipment. Operators of
equipment and vehicles need to be well trained in operating large equipment on the
facility. If a vehicle is of a size that could endanger aboveground piping, the driver is
orally warned if the visual deterrents (e.g., size, signage, flagging to protective paint .
color) are not deemed sufficient. Where necessary, additional barriers, such as protective
walls or posts, will be provided. In the event ofnight traffic, sufficient lighting is
provided to make tanks and piping visible.

4. Small drips, leaks, and spills from lines or valves. Release rates would be negligible and
are not likely to produce significant quantities or to have significant environmental
effects. However, to minimize the potential for a release, equipment is inspected
regularly, repaired in a timely manner when a problem is discovered, and released
material is promptly cleaned up. Additionally, spill kits will be available at all oil or
petroleum storage areas, or where oil/petroleum is transferred from one vessel to
another.
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Spill Prevention Procedures

Security. To prevent a spill or release from being caused by accidental or unknowing entry
or vandalism, several security measures have been taken as noted below:

1. Locking of direct outward flow valves in the closed position when non-operating or in
standby.

2. Adequate lighting for the detection of spills by both facility personnel and the general
public.

Tank Loading and Unloading

1. Be sure the tank trailer is accurately spotted, brakes are set and wheels are blocked.

2. The driver must remain with the vehicle during the entire loading or unloading
period.

3. Read the level indicator or visually inspect the receiving tank to be sure that
sufficient space is available to receive material being transferred.

4. Place catch pans in position under tank trailer connections as needed to catch any
liquid that may leak during the transfer.

5. Remove the tank trailer unloading line closure carefully. If significant leakage
occurs, contact your supervisor for instructions.

6. Be sure connections between dispensing and receiving tanks are secured before
opening the valves for liquid transfer.

7. Start pump and check to be sure there is no leakage at any of the connections or
anywhere along the transfer lines. If a leak is present, immediately stop the pump,
shut the valves, and repair the leak.

8. After liquid has been transferred, stop pump, close all valves, disconnect loading or
unloading line, replace closures on valve lines, inspect the lowermost drain and all
outlets ofvehicle for leakage and correct as necessary, and release tank truck.
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Spill Response

General Initial Response Measures. The following actions will be the initial response to
any spill or release at the facility. These steps do not provide the necessary actions for
remediation of a major release but they do provide guidance to minimize potential damage
from a release. The intent of this plan is to provide appropriate guidance for response to oil
and/or petroleum spills.

For small spills, leaks, or drips, the remedial action may be as simple as removing the
contaminated material (whether dirt, booms, or other adsorbents) and placing it in an
approved container for subsequent treatment or disposal. These guidelines should be
followed to the extent possible and practical for any spill.

1. Stop spillage at the source, if possible, by closing valves, turning off pumps, plugging
leaks, turning drurils leak side up, etc.

2. Build berms of earth or waste materials or use booms to halt the spread of spill in the
smallest possible area.

3. Plug appropriate inlets, culverts, and ditches.

5. Contact appropriate personnel as discussed below. Make every reasonable effort to keep
spill contained to the site.

6. Monitor for runoff until one of the persons listed arrives on the scene to provide further
guidance.
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Spill Reporting

1. Contact the CCI Project Manager. Ifthe CCI Project Manager unavailable, call one of
the alternates listed below. Ifnone of these are at the site, call the home numbers listed
below. The CCI Project Manager (or alternate) will designate the appropriate personal
safety equipment that must be worn when approaching releases.

CCI Project Manager:
Working Hours Phone Number:
After Hours Phone Number:

First Alternate:
Working Hours Phone Number:
After Hours Phone Number:

Venky Venkatesh
216-623-0326, ext. 13
216-965-5605 (cell phone)

Rich Rathnow, Navy RAC HSM
865-483-9005, ext. 672
865-607-6734

If safety is not an issue, call other nearby employees for assistance in stopping the
release. Notify the area or shift supervisor as soon as possible.

2. The CCI Project Manager (or alternate) will determine the necessary response actions
including whether evacuation ofparts or all ofthe facility is necessary for employee
safety.

In general, CCI Project Manager (or alternate) will direct the containment of the release
and decide on alternative source control ifthe source of the release was not controlled by
the person(s) discovering it. The release should be confined to the smallest area
possible.

• Use booms or sandbags, dig small trenches, or place absorbent pads to stop the
spread.

• Take immediate action to prevent the spill from reaching offsite or surface waters.

- Place booms or pads, dig a diversion ditch, or use soil to form a berm.
- If the release reaches water, attempt to place booms to contain the release, or, if

necessary, block drainage downstream ofspill to prevent further discharge.

3. All spills ofoil or petroleum products will be immediately reported to the CCI Project
Manager.

4. Ifdownstream surface water quality is likely to be affected by the spill, CCI shall notify
the downstream water users.

5. If any ofregulatory agencies are contacted, give them as much ofthe following
information as possible. Under all circumstances, provide only factual information. DO
NOT SPECULATE..Figure 1 at the end of this section is a blankform that can help you
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collect and report the required infonnation. This fonn should be kept with the records
copy of this Plan.
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Inspections

Tanks and Equipment

Equipment, tanks, and the temporary storage area shall be inspected daily. The temporary
storage area inspections will be documented on the temporary storage area inspection
form (Attachment C2 - EMR QAPP).



EMR SOP 6: DECONTAMINATION AND INVESTIGATION DERIVED WASTE
HANDLING, STORAGE AND TREATMENT

This Standard Operating Procedure (SOP) outlines procedures for the decontamination of
reusable equipment and the handling, storage, and treatment of investigation derived
wastes.

1.0 SOIL SAMPLINGIWELL INSTALLATION EQUIPMENT
DECONTAMINATION

All drilling and soil sampling equipment will be decontaminated and in good working
order prior to arriving on site. All well completion materials will be in factory sealed
packaging otherwise materials will be cleaned to CCl's satisfaction.

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

The drilling subcontractor will provide all equipment necessary for
complete decontamination of all drilling and soil sample collection
equipment.

Setup a decontamination basin and high-pressure, steam cleaning unit.
Obtain decontamination water from a CCI approved off-site potable
source.

Thoroughly decontaminate and rinse all downhole equipment. Allow
equipment to air dry.

Collect all decontamination fluids into 55-gallon drums or portable tank.

Label containers with appropriate information.

Place drums/tanks onto wooden pallets and secure with non-metallic
bonding for transport to the temporary storage area.

2.0 WELL DEVELOPMENT/GROUNDWATER SAMPLING EQillPMENT
DECONTAMINATION

All portions of development, sampling and test equipment that will contact groundwater
shall be thoroughly cleaned before each use and between eachwell.

STEP 1:

STEP 2:

STEP 3:

STEP 4:

Remove and dispose water discharge hose from bladder pump.

Wash equipment with potable water and a phosphate-free laboratory
detergent (i.e. Alconox®).

Rinse equipment with potable water.

Rinse equipment with isopropyl alcohol.



STEP 5:

STEP 6:

STEP 7:

STEP 8:

STEP 9:
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Rinse equipment with distilled or deionized water.

Air-dry equipment prior to use.

Collect all decontamination fluids into 55-gallon drums or portable tanle

Label containers with appropriate information.

.Place drums/tanks onto wooden pallets and secure with non-metallic
bonding for transport to the temporary storage area.

3.0 WASTE HANDLING AND TRANSPORTATION'

Generated wastes will be collected and transported to the temporary storage area at the
end of each workday.

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

Collect palletized and bonded drums/tanks from the generation site and
load into suitable vehicle. Check that all waste containers are sealed and
properly labeled.

Transport drums/tanks to temporary staging area.

Move drums into temporary staging area.

Secure temporary staging area.

When the capacity of the temporary staging area is reached the water
drums will be removed and transported to the NIROP frac tank or the
wastewater treatment plant with a vacuum truck operated by a licensed
waste hauler.

4.0 TEMPORARY STAGING AREA

A temporary staging area will be constructed, consisting ofa minimum of two plastic­
lined, covered and sealed roll offboxes. One roll off box will be used for temporary
storage of 55-gallon drums containing soil wastes, while the otl;1et will be used for
temporary storage of water-filled drums. The roll offboxes will be lined with 6 mil
reinforced plastic sheeting and will be equipped with water tight doors and retractable
tarps to prevent the collection ofprecipitation. The roll offboxes will be locked at the
end of each work day.

The temporary staging area will be equipped with the following equipment:

• drum labeling supplies
• fire extinguisher
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• spill control and absorbent materials
• overpack drums
• an alarm hom
• drum repair materials and tools
• first aid kit
• I5-minute eyewash
• bloodbome pathogen kit

The temporary staging area will be inspected daily for the following:

• signs of drum damage/deterioration
• leakage
• spills
• liner damage
• presence of precipitation within the roll-offbox;
• damage to the roll-offbox

A temporary staging area inspection form (Attachment C2 - EMR QAPP) will be
completed following the daily inspection.

The water stored in the frac tank will be treated at a waste water treatment plant (WWTP)
located on-site at the NIROP facility. Periodically, the oil/water mixture and soil wastes
will be removed by a licensed waste hauler to be transported to and approved treatment
or disposal facility.

5.0 IDW DISPOSALITREATMENT FACILITIES

The generation of the following waste types is anticipated during the completion of the
EMR Work Plan:

• well installation soil cuttings;
• well installation decontamination water;
• pre-injection development/purge/decontamination water;
• post-injection purge water with oil;
• post-injection decontamination water;

Assuming that all the above-listed wastes will be classified as non-hazardous, the wastes
will be disposed of at the following type of facility:

• well installation soil cuttings - special waste landfill
• well installation decontamination water - NIROP WWTP
• pre-injection development/purge/decontamination water - NIROP WWTP
• post-injection purge water with oil- off-site WWTP
• post-injection decontamination water - off-site WWTP
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EMR SOP 7: HYDROGEN SAMPLING PROCEEDURE IN GROUNDWATER

This Standard Operating Procedure (SOP) outlines procedures for to be used when conducting
sampling and analysis of hydrogen in groundwater. Please follow the following steps in order:

1. Remove one of the cell assemblies from the packing carton provided by Microseeps.

2. Connect the inlet tube of the cell to the outlet of your pump. The inlet tube is designed to
connect to 1/4 O.D. hard tubing. Secure the connection using binder clips or cable ties.

3. Insert the drain tube of the cell into a waste container, keeping the end of the tube at the
bottom of the container. Any waste container of suitable size may be used. A 2-Liter soda pop
may be placed in the waste container to determine pumping flow rate.

4. Secure the cell assembly so that the housing cover (stopper) is above the glass housing (i.e.
upright). A ring stand and clamp are recommended for this purpose.

5. Turn the pump on and check for leaks. If any leaks are found, seal them before proceeding.

6. Measure, in mL per minute, the flow rate of the pump. If a 2-Liter soda pop bottle is used, the
flow rate can be determined by measuring how many minutes it takes to fill the bottle and
substituting the measured time into the following equation:

'Flow = 2000 mL/Time to fill (in minutes)

Consult Table 1 to determine the equilibrium time needed to bubble strip at this flow rate.

Note: Use a flow rate between 100 mL/min. and 500 mL/min. Do not tum off the pump.

Table 1.

Flow rate
(ml/min)
100-120
130-150
160-200
210-300
>300

Sampling time
(min)
30
25
20
15
10

7. Unclamp the cell assembly, invert it, and re-secure the assembly in the inverted position.
Make sure the drain tube is still in the waste container and the end of the-drain tube is near the
bottom ofthe bottle.

8. Connect the stopcock to the syringe and the needle to the stopcock. Place the stopcock in the
open position (so that the stopcock handle is in-line with the syringe). Draw the plunger back on
the syringe to the 20.0 mL mark pulling ambient air into the syringe.



9. Keeping the cell in the inverted position, insert the needle into the needle guide. Pierce the
septum and inject the air into the cell creating the bubble. Withdraw the needle from the
assembly and carefully place the needle into the cover. Do not discard the syringe apparatus.

10. Start timing and let the groundwat<:::r PUlllP through the cell fOf time specified in Table 1 for
your particular pumping speed. Meanwhile, be sure that the sample vial is properly labeled and
that the flow rate and any other relevant field data are recorded in the field log.

Note: Be sure to keep the end of the drain tube at the bottom of the waste container. This will
insure that outside air is not drawn into the cell. Failure to do this will invalidate the sample.

11. When equilibration time is up, tum off the pump, unclamp the cell, and re-clamp it in its
upright position. Verify that the plunger of the syringe is pushed all the way in and that the
stopcock is in the open position.

12. Insert the needle into the needle guide and pierce the septum. Withdraw 1 rnL of gas by
pulling back on the syringe plunger while holding the syringe body in place. Remove the syringe
from the cell and expel the sample.

13. Immediately re-insert the needle into the needle guide and pierce the septum. Withdraw a 15
rnL sample of gas (being careful not to pull any water into the syringe). With the needle still
through the septum, close the stopcock ~d withdraw the needle from the septum.

14. Immediately insert the needle through the septum on the sample vial. Keeping the syringe
and vial "in line", open the stopcock and completely depress the syringe plunger injecting the
entire sample into the vial.

15. Keeping the plunger depressed, quickly remove the vial from the needle. Your sample is now
ready to be packaged and shipped back to the laboratory for analysis. Do not cool the samples.

Note: Hydrogen sampling procedure provided here is a mo<;lified version located at the
Microseeps Laboratory web site http://www.microseeps.com/under the topic "Microseeps Gas
Stripping Cell Instructions".
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