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1.0 INTRODUCTION

1.1 Purpose

This work plan provides a scope of work to investigate the buried utility migration pathway on
the former Koppers Tar Plant and Wabash Alloys site (Wabash Parcel) and Lot 1 of the City of
Oak Creek utility corridor (City Parcel) south of the Wabash Parcel. The scope of work also
includes off-site soil and groundwater sampling to delineate the degree and extent of soil and
groundwater impacts on the adjacent DuPont Parcel to the south of the City Parcel.

1.2 Location and Project Information

Site Address:

Former Koppers Tar Plant and Wabash Alloys Site

9100 South Fifth Avenue

____0akCreek, Wisconsin 53154

Site Location (Figure 1):

SW % of the NW %, and the NW Y4 of the SW %
Section 24, TSN, R22E

Milwaukee County

Site Activity Numbers:

Wabash Parcel

FID # 241379050

BRRTS # 02-41-553761

Connell VPLE BRRTS # 06-41-560058
Beazer VPLE BRRTS # 06-41-561509

Current Property Owners:

Former Koppers Tar Plant and Wabash
Alloys Site:

Connell Aluminum Properties, LLC

Project Contact: Mr. Mike Kellogg

(919) 744-7522

Consultants:

For Connell:

Natural Resource Technology, Inc. (NRT)
234 W. Florida Street, Fifth Floor
Milwaukee, Wisconsin 53204

Contact: Julie Zimdars, P.E.

(414) 837-3564

City Parcel

FID # 341074470

BRRTS # 02-41-561425

Beazer VPLE BRRTS # 06-41-561509

City Utility Corridor Parcel:

City of Oak Creek

Project Contact: Mr. Larry Haskins
(414) 762-5105

For Beazer:

Tetra Tech, Inc.

175 N. Corporate Drive, Suite 100
Brookfield, WI 53045

Contact: Michael Noel, P.G.
(262) 792-1282
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2.0 FIELD INVESTIGATION

The proposed scope of work includes the investigation of potential migration pathways along
buried utilities on the former Koppers Tar Plant and Wabash Alloys site (Wabash Parcel) and
Lot 1 of the City of Oak Creek utility corridor (City Parcel) south of the Wabash Parcel. The
scope of work also includes off-site soil and groundwater sampling to delineate the degree and
extent of soil and groundwater impacts on the adjacent DuPont property to the south of the City
Parcel.

The Site location is shown on Figure 1 and the proposed sample locations are shown on Figure 2.
The analyte list for the soil and groundwater samples that will be collected as part of the scope
work for each task are presented on Table 1. Copies of the various field forms that will be used
by Tetra Tech personnel to document the field activities are provided in Appendix A. Standard
————operating-procedures-(SOPs)-for-the_field_work_that_will_be_implemented under this work plan

are provided in Appendix B.

2.1 Pre-Sampling Activities

The owner(s) of the DuPont property will be contacted to obtain permission to conduct the
sampling activities that are proposed for the DuPont property under this work plan and to discuss
the project schedule. If necessary, an on-site meeting will be scheduled with a representative of
the property owner to obtain approval of the sampling locations. An on-site utility clearance
meeting will also be scheduled through Diggers’ Hotline to mark the locations of the buried
utilities in the vicinity of the proposed soil borings and monitoring wells shown on Figure 2. The
monitoring wells that are part of the buried utility migration pathway assessment will be located
within 3 feet of the utility markings as the intent of the buried utility migration pathway
assessment is to collect groundwater samples from within the trenches of the buried utilities. The
sampling locations and procedures will be discussed and approved by the City of Oak Creek
Water & Sewer Utility Department prior to conducting any work along the utilities.

2.2 Buried Utility Migration Pathway Assessment

As shown on Figure 2, seven monitoring wells will be installed next to the buried utilities. Six of
the monitoring wells will be installed within the City Parcel and one monitoring well will be
installed next to the sanitary sewer line that crosses the Wabash Parcel. A hydro vacuum
(Hydrovac) excavation subcontractor will be used to excavate a borehole down to the depth of
the buried utilities at the seven proposed monitoring well locations to avoid damaging the
utilities. A hollow stem auger drilling rig will then be used to advance the borehole excavated by
the Hydrovac truck to approximately five to seven feet below the top of the water table for the
installation of the monitoring wells. It is anticipated that the monitoring wells will be completed
at depths of 12 to 20 feet below ground surface (bgs). Monitoring well construction, monitoring
well development and groundwater sampling procedures are discussed in Section 2.5.

The soil cuttings produced during the hollow stem auger drilling process will be examined by the
Tetra Tech environmental technician supervising the drilling and monitoring well installation
activities. The soil cuttings will be identified according to the Unified Soil Classification System.
Samples of the soil cuttings will be screened for the presence of ionizable VOCs at 5-foot
intervals using a photoionization detector (PID) equipped with a 10.6 eV lamp (see Soil
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Screening Using a PID SOP in Appendix B). The field PID screening results will be recorded on
Tetra Tech field PID data sheets (Appendix A). The PID will be calibrated in accordance with
manufacturer’s calibration procedures using 100 parts per million isobutylene calibration gas.
The PID calibration results will be recorded on a Tetra Tech equipment calibration record form
(Appendix A). WDNR soil boring log information forms will be completed by Tetra Tech
personnel for each soil boring. Copies of the WDNR soil boring logs will be included in an
appendix of the report.

Two rounds of groundwater samples will be collected from the monitoring wells. The first
groundwater sampling round will be scheduled to occur a minimum of one week after the
development of the monitoring wells is completed to allow the zone disturbed during the drilling
and development process to return to natural conditions. The groundwater samples will be
submitted for laboratory analyses of volatile organic compounds (VOCs) by EPA Method 8260B

and—polycyclic—aromatic-hydrocarbons_(PAHs)_hy_EPA_Method 8270D. Sample containers

provided by the laboratory subcontractor will be used to collect the groundwater samples. One
duplicate groundwater sample will be collected from one of the monitoring wells for Quality
Assurance/Quality Control (QA/QC) purposes. The duplicate sample will also be submitted for
laboratory analyses of VOCs and PAHs. The groundwater samples will be stored at a
temperature of approximately 4 degrees Celsius and will be delivered to the laboratory following
standard chain-of-custody procedures. Each sample container will have a self-adhesive label
attached to it with the sample identification and date and time the sample was collected written
on the label. The sample identification will consist of the monitoring well identification. The
duplicate sample identification will consist of the monitoring well identification followed by
“DUP”.

Depth to groundwater measurements will be collected from the monitoring wells in conjunction
with the groundwater sampling rounds. An electronic water level meter will be used to measure
the water levels in the monitoring wells to the nearest 0.01 foot (see Groundwater Elevations
SOP in Appendix B). The water level measurements will be used to document the horizontal
gradient and groundwater flow direction across the study area.

2.3 DuPont Property Investigation

As shown on Figure 2, eight soil borings will be installed on the DuPont property to further
delineate the extent of site-related impacts south of the City Parcel. The direct-push
(Geoprobe®) soil sampling method will be used to collect continuous soil core samples from the
soil borings to a depth of 20 feet bgs. The soil samples will be logged by Tetra Tech personnel
according to the Unified Soil Classification System. Observations of tar staining and odor, if any,
will be noted on the field soil boring logs (Appendix A). Soil samples will be screened for the
presence of ionizable VOCs at 2-foot intervals using a PID equipped with a 10.6 eV lamp (see
Soil Screening Using a PID SOP in Appendix B). The field PID screening results will be
recorded on Tetra Tech field PID data sheets (Appendix A). The PID will be calibrated in
accordance with manufacturer’s calibration procedures using 100 parts per million isobutylene
calibration gas. The PID calibration results will be recorded on a Tetra Tech equipment
calibration record form (Appendix A). WDNR soil boring log information forms will be
completed by Tetra Tech personnel for each soil boring. Copies of the WDNR soil boring logs
will be included in an appendix of the report.
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Soil samples will be collected from the boreholes at the following depths: 2 to 4 feet bgs, 6 to 8
feet bgs, 10 to 12 feet bgs, 14 to 16 feet bgs and 18 to 20 feet bgs. Samples will be submitted for
laboratory analyses of VOCs by EPA Method 8260B and PAHs by EPA Method 8270D.

The soil samples will be collected in sample containers provided by the laboratory subcontractor.
The soil samples submitted for VOCs analysis will be preserved in the field with methanol
provided by the laboratory subcontractor and will consist of approximately 25 grams of soil. The
soil samples will be stored at a temperature of approximately 4 degrees Celsius and will be
delivered to the laboratory following standard chain-of-custody procedures. Each sample
container will have a self-adhesive label attached to it with the sample identification and date and
time the sample was collected written on the label. The sample identification will consist of the
borehole identification and sample depth. A methanol blank consisting of a sample container in
— which-methanol-is-poured-into-will-also-be-prepared-in-the-field—and-will-be—submittedfor ————
laboratory analyses of VOCs for QA/QC purposes.

As shown on Figure 2, water table monitoring wells will be installed at two of the borehole
locations on the DuPont property. The hollow stem auger drilling method will be used to widen
and deepen the direct-push soil borings to accommodate the installation of the monitor wells.
The boreholes will be advanced so that the bottom of the monitoring wells are completed
approximately five to seven feet below the top of the water table. It is anticipated the monitoring
wells will be completed at depths of 15 to 20 feet bgs. Monitoring well construction, monitoring
well development and groundwater sampling procedures are discussed in Section 2.5.

The soil cuttings produced during the hollow stem auger drilling process will be examined by the
Tetra Tech environmental technician supervising the drilling and monitoring well installation
activities. The soil cuttings will be identified according to the Unified Soil Classification System.
Samples of the soil cuttings will be screened for the presence of ionizable VOCs at 5-foot
intervals using a photoionization detector (PID) equipped with a 10.6 eV lamp (see Soil
Screening Using a PID SOP in Appendix B). The field PID screening results will be recorded on
Tetra Tech field PID data sheets (Appendix A).

Two rounds of groundwater samples will be collected from the monitoring wells. The first
groundwater sampling round will be scheduled to occur a minimum of one week after the
development of the monitoring wells is completed to allow the zone disturbed during the drilling
and development process to return to natural conditions. The groundwater samples will be
submitted for laboratory analyses of VOCs by EPA Method 8260B and PAHs by EPA Method
8270D. Sample containers provided by the laboratory subcontractor will be used to collect the
groundwater samples. One duplicate groundwater sample will be collected from one of the
monitoring wells for Quality Assurance/Quality Control (QA/QC) purposes. The duplicate
sample will also be submitted for laboratory analyses of VOCs and PAHs. The groundwater
samples will be stored at a temperature of approximately 4 degrees Celsius and will be delivered
to the laboratory following standard chain-of-custody procedures. Each sample container will
have a self-adhesive label attached to it with the sample identification and date and time the
sample was collected written on the label. The sample identification will consist of the
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monitoring well identification. The duplicate sample identification will consist of the monitoring
well identification followed by “DUP”.

Depth to groundwater measurements will be collected from the monitoring wells in conjunction
with the groundwater sampling rounds. An electronic water level meter will be used to measure
the water levels in the monitoring wells to the nearest 0.01 foot (see Groundwater Elevations
SOP in Appendix B). The water level measurements will be used to document the horizontal
gradient and groundwater flow direction across the study area.

2.4 Borehole Abandonment
The soil borings on the DuPont property that are not completed as water table monitoring wells
will be decommissioned in accordance with the procedures outlined in Chapter NR141 WAC.
WDNR borehole abandonment forms will be completed for each abandoned soil boring. Copies

of the_borehole_abandonment-forms-will-be-included-in-an-appendix-of-the-report:

2.5 Monitoring Well Installation, Development and Sampling

The monitoring wells will be installed in accordance with the procedures described in Chapter
NR141 of the Wisconsin Administrative Code (WAC). The monitoring wells will be constructed
of 2-inch nominal diameter, threaded schedule 40 PVC well casing and stainless steel screen.
The stainless steel screen will have a slot size of 0.010-inches and a nominal length of 10 feet.
The five proposed monitoring wells located within the right-of-way of the access road that
borders the south side of the Site that are part of the buried utility migration pathway assessment
will be completed with flush mounted protective covers (see Figure 2). The flush mounted
protective covers will comply with the specifications listed in NR141.13(4) WAC. The two
monitoring wells on the DuPont property and the two other monitoring wells that are part of the
buried utility migration pathway assessment will be completed above-grade with locking steel
protective casings.

The monitoring wells will be developed by Tetra Tech personnel in accordance with the
procedures described in NR141.21 WAC. Dedicated PVC bailers will be used to surge and purge
the monitoring wells during development. If a monitoring well does not bail dry, a portable
submersible pump may be used to complete the development of the well. Tetra Tech personnel
will complete WDNR monitoring well development forms for each monitoring well. The
monitoring well development forms will be included in an appendix of the report.

As stated above, two rounds of groundwater samples will be collected from the monitoring wells.
Because fine-grained sediment in groundwater samples can result in “false positive” detections
of PAHs, the low-flow purging and sampling method will be used to collect the groundwater
samples from the monitoring wells as the low-flow method is intended to prevent producing
fines during the sampling process. A peristaltic pump and dedicated polyethylene sample tubing
will be used to collect the groundwater samples. A description of the low-flow purging and
sampling method is provided in Appendix B.
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2.6 Survey

The locations and elevations of the soil borings will be surveyed by a state licensed surveyor so
they can be accurately placed on the Site base map. The locations, ground surface elevation, top
of protective cover elevation, and top of well casing elevation of the monitoring wells will be
surveyed by a licensed surveyor in accordance with the specifications listed in NR141.065(2)
WAC. WDNR monitoring well construction summary forms will be completed for each
monitoring well and will be included in an appendix of the report.
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3.0 DECONTAMINATION AND INVESTIGATION-DERIVED WASTE

Any downhole sampling equipment that has the potential to come in contact with the soil
samples will be decontaminated between samples using a solution of trisodium phosphate (TSP)
and potable water. A stiff bristle brush will be used to remove soil particles from the sampling
equipment. The equipment will then be rinsed with potable water.

If a portable pump is used to develop the wells, the pump will be decontaminated between wells
by operating the pump for several minutes in a 5-gallon bucket containing a solution of TSP and
potable water. The pump will then be operated for several minutes in a 5-gallon bucket
containing clean potable water and then rinsed with distilled water. The pump will be allowed to
dry before being used in another monitoring well.

The-drilling/Geoprobe®-subcontractor-will-be-instructed-to-provide-clean-augers-for-the-drilling
of the boreholes in which the monitoring wells will be installed. A decontamination area will be
set up on an impervious surface on the Site for decontaminating the downhole drilling equipment
used for the installation of the monitoring wells. The augers used during the drilling of the
boreholes in which the monitoring wells are installed will be decontaminated between boreholes
using a pressure washer or a steam cleaner. All downhole drilling equipment will be
decontaminated before leaving the Site.

The soil cuttings produced during the installation of the soil borings and monitoring wells,
including the soil removed from the augers during the decontamination of the augers, will be
contained in 55-gallon drums and temporarily stored on-site pending determination of
appropriate disposal options for the soil. The drums will be labeled as containing IDW soil
cuttings. The date the soil cuttings were generated and the borehole identification from which the
soil cuttings were collected will also be included on the drum labels. A composite sample of the
drummed soil will be collected and submitted for waste profile analysis.

Groundwater produced during the development and sampling of the monitoring wells will be
contained in 55-gallon drums and temporarily stored on-site pending determination of
appropriate disposal options for the water. The drums will be labeled as containing IDW
groundwater. The monitoring well identification from which the groundwater was purged and
the date(s) the groundwater was purged from the monitoring wells will also be noted on the
labels. A composite sample of the drummed water will be collected and submitted for waste
profile analysis.
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4.0 REPORT

Once all the tasks described above are completed, and if it is determined that soil and
groundwater impacts have been adequately defined, a site investigation report addendum
in compliance with the requirements of Chapter NR716 WAC will be prepared by Tetra
Tech personnel presenting the findings of the supplemental site investigation work and
the results of quarterly groundwater sampling completed since the submittal of the
January 2014 Site Investigation Report. The report addendum will include copies of the
WDNR soil boring logs, monitoring well construction summary forms, and monitoring
well development forms for the soil borings and monitoring wells installed as part of this
scope of work and copies of the soil and groundwater analytical results. Tables
summarizing the soil and groundwater analytical results and figures showing the
locations of the soil borings and monitoring wells will also be included in the report. The
analytical _summary__tables_ will _include_the detection__limitfor—any—parameter.

concentration below the limit of quantification.
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5.0 SCHEDULE

The schedule for work will depend on site access. The borehole/well locations on the
DuPont Parcel will require access approval by the property owner. The work along
buried utilities will require coordination with the City of Oak Creek Water & Sewer
Utility Department. Once access and approvals for work on all parcels has been secured,
equipment will be mobilized to the site.

The soil sampling and monitoring well installation activities will take approximately six
to eight days to complete depending on weather and site conditions. Development of the
monitoring wells should take two to four days to complete. Each groundwater sampling
round should take two days to complete.
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6.0 HEALTH AND SAFETY PLAN

A copy of the Site health and safety plan is provided in Appendix C.
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Table 1. Analyte List

Media: Groundwater

Parameter Method Container Preservative / Storage Hold
Time
VOCs 8260B Three 40 — ml glass vials HCI to pH less than 2 / 4 deg. C 14 days
PAHs 8270D Two 250 — ml amber glass bottles | None / 4 deg. C 7 days
Media: Soil
Parameter Method Container Preservative / Storage Hold
Time
VOCs 8260B Two 40 — ml glass vial Methanol for high level analysis (RL greater than 500 | 14 days
Plus one unpreserved container for | ug/kg) /4 deg. C
dry weight / percent solids.
Sodium bisulfate for lowslevel analysis (RL generally
5-500 ug/kg) / 4 deg. C
PAHs 8270D One 4 — ounce glass jar None /4 deg. C 14 days

Notes: VOCs = Volatile Organic Compounds  PAHs = Polycyclic Aromatic Hydrocarbons
ml = milliliter =~ HCI = Hydrochloric Acid deg. C = degrees Celsius RL = Repprting Limit
ug/kg = micrograms per kilogram
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APPENDIX A
FIELD FORMS
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TETRA TECH FIELD WATER QUALITY SAMPLING AND ANALYSIS FORM

PROJECT INFORMATION INSTRUMENTS
PROJECT Temp. & pH Hanna
PROJECT NO. Conductivity Hanna
LOCATION ORP Not Measured
PERSONNEL DO Not Measured
SAMPLE POINT ID
WATER TYPE Groundwater | Groundwater | Groundwater | Groundwater | Groundwater

DATE (month/day/year)

CLOCK TIME (Military)

DEPTH TO WATER (ft)*

MEASURED WELL DEPTH
)"

CASING VOLUME (gallons)

PURGE VOLUME (gallons)

DEPTH SAMPLE TAKEN (ft)*

SAMPLING DEVICE

FIELD TEMPERATURE (°C)

pH

ELEC, Measured
COND.

(uSfcm) at26°C
ORP (mV)

DISSOLVED OXYGEN (ppm)

DISSOLVED OXYGEN (% Sat.)

COLOR

ODOR

CLARITY

# OF CONTAINERS & VOLUME; CONTAINER TYPE (A = AMBER GLASS; G = GLASS; P = PLASTIC);

SAMPLING PARAMETERS PRESERVATIVE TYPE (L = LAB ADDED; F = FIELD ADDED) OR NEUTRAL; FILTERED (YES or NO)

NAME OF LABORATORY

DATE SENT TO LAB

SAMPLER=S NAME

*Measured from top of well casing.

P:\Beazer\Wabash Site\Work Plans\2014 Utility Migration Pathway & DuPont Property inv Work Plan\Appendices files\FId_Water_Form_MW_TT.docx
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TETRA TECH LOW-FLOW METHOD FIELD WATER QUALITY SAMPLING AND ANALYSIS FORM

PROJECT INFORMATION INSTRUMENTS
PROJECT Temp., pH,
PROJECT NO. Conductivity
LOCATION ORP
PERSONNEL DO

MONITOR WELL ID
WATER TYPE Groundwater Groundwater Groundwater

DATE (month/day/year)

WELL DEPTH (feet)*

PUMP INLET DEPTH (feet)*
STATIC WATER LEVEL (ft)*/TIME
ENDING WATER LEVEL (ft)*/TIME
START PURGE TIME (Military)
_END PURGE _TIME (Military)

PURGE VOLUME (gallons)
SAMPLE TIME (Military)

INDICATOR PARAMETERS 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
TIME (minutes)
TEMPERATURE (° C)

pH

ELEC. COND. (uS/cm) at26°C
ORP (mV)

DISSOLVED OXYGEN (ppm)
DISSOLVED OXYGEN (% Sat.)
COLOR

ODOR

CLARITY

SAMPLING PARAMETERS # OF CONTAINERS & VOLUME; CONTAINER TYPE (A=AMBER; G=GLASS; P=PLASTIC);
PRESERVATIVE TYPE (L=LAB ADDED; F=FIELD ADDED) OR NEUTRAL; FILTERED (YES or NO)

NAME OF LABORATORY
DATE SENT TO LAB
SAMPLER’ S NAME

*Measured from top of well casing.

P:\BeazenWabash Site\Work Plans\2014 Utility Migration Pathway & DuPont Property Inv Work Plan\Appendices files\Fld_Water_Form_Low-Flow.docx
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APPENDIX B
STANDARD OPERATING PROCEDURES
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STANDARD OPERATING PROCEDURE

SAMPLE IDENTIFICATION

1.0 PURPOSE

Locations for collection of samples are affixed alpha-numeric codes which are used to track
affixed laboratory results and enable presentation of data on maps and drawings. Each plan view

location where a sample is_collected_is_issued_a unique numeric code (number)-which

corresponds to a specific map location at a site. An alpha-code (letter) is used to describe the

type of sampling activity performed at the specific numeric location. The date of sample

collection will be listed and used to delineate sampling events.

The alpha-numeric codes used to identify existing wells and sample locations will be used to
identify samples collected from existing wells or sample locations. The following alpha codes

will be used to identify new sample locations:

B: Borehole (no monitoring well installed)

EW or EX:  Extraction well for remediation of groundwater

MW: Water table monitor well

P: Piezometer well

PW: Private residential well or Public water supply well
TP: Test pit

SS: Surface soil

SW: Surface water sampling station

A: Air sampling station

SD: Sediment

Sample ldentification SOP rev2013 Page 1 of 4



Each number used at a site should correspond to one, and only one, location. A typical series of
alpha numeric codes for a site might include test pit locations T-1 through T-12; borings B-13,
B-14, B-15; monitor wells MW-16, MW-17, MW-18, etc. A borehole drilled with the intent of
installing a monitor well or piezometer will be identified as MW or P. There should not be a
borehole log B-1 for monitor well MW-1.

If previous work has been performed at a site, the alpha-numeric code should continue with
previous successive numbers. If there is any potential for conflict with identified sample number

identifiers, the proposed sample number should begin with series 101, 10001, or other

appropriate system.

2.0 CONTAINER LABELING

Each sample container, tag, and/or label will contain the following information:
¢ Project number and/or project name
e Sample type identification code and number
e Date and time of collection
e Sampler’s initials

o Preservative

The sample identification code will be an alpha-numeric code used to specify the material type,
location, and sampling interval (i.e., depth), where appropriate, for each sample. For example:
SB110-3 to 5 refers to a soil sample from borehole location 110 over the 3 to 5-foot depth
interval, and MW-203 refers to a groundwater sample from monitor well location 203. The date

of sample collection will be listed and used to delineate sampling events.

Listed below are the standard codes to identify the type of material to be sampled. To an extent,

these codes also identify the sampling location.

Sample Identification SOP rev2013 Page 2 of 4



SB:  Sample from a soil borehole

WB: Water sample from a borehole with no monitor well
MW: Water table monitor well (soils and groundwater)
P: Piezometer well (soils and groundwater)

PW: Private residential well water samples

ST:  Trench or test pit (soil)

WT: Trench or test pit (water)

SS:__ Surficialsoil

SW: Surface water
SD:  Sediment
A: Air

If a sample is a composite, the letter "C" should follow the depth intervals over which the
composite was collected. An appropriate description of the sample should be recorded on the

chain-of-custody record and field notebook.
3.0 SAMPLE INDENTIFICATION — MULTI SITE PROJECTS
For project situations where a number of sites are being investigated concurrently for an

individual client, each site should be assigned a series of numbers for use in identifying sampling

locations. An example is given below:

Site Environmental Samples QA Samples
#1 101to 119 11to 19
#2 201 to 299 21t029
#3 301 to 399 31t039
#4 401 to 499 41 to 49
#5 501 to 599 51to 59

Sample Identification SOP rev2013 Page 3 of 4



Std. Operating

Procedures

Number: 40400
Revision: 0
Date: 8/12/99
Page 4 0f 4

#6 601 to 699 61 to 69

#7 701 to 799 71 to 79

#8 801 to 899 81to 89

For example; SD301 refers to a sediment sample collected at sampling location 301 at the
number 3 site; and MW-21 refers to a QA (trip blank, field blank, duplicate) groundwater sample

from a monitoring well at the number 2 site.

Samples collected Tor matrix spike and mmatrix spikeduplicates-analysis-will-be-identified-with
the code MSD (e.g., MW-21-MSD).

a# xAenasat m;é‘.h‘



STANDARD OPERATING PROCEDURE

SOIL DESCRIPTIONS

1. PURPOSE

The purpose of this procedure is to describe and classify soil samples in the field during soil
boring advancement.
2. PROCEDURE

2.1 FIELD PREPARATION

Call for utility clearance at least 72 hours in advance to arrange utility staking in any subsurface
boring or exploration area.

Notify client, property owner, and Regulatory agency if necessary.

2.1.1 Forms

Soil Boring and Monitoring Well Logs
Tailgate Health and Safety

Daily Report Sheets

2.1.2 Equipment

Knife or spatula.

Ruler, tape measure, or scale.

Latex or nitrile gloves.

Sand gauge and geotechnical gauge, if necessary.
Pens, pencils and permanent markers.

Paper towels.

Small bottle of water.

Garbage bags.

2.1.3 Documents
Health and Safety Plan
Workplan

Maps

Site access agreements

2.1.4 Other

Cellular telephone
First aid kit

Personal comfort items

2.2 FIELD ACTIVITIES

The following sections provide guidance for how proper field visual descriptions of soils and
rock samples should be conducted. These methods may not be applicable to every soil or rock
sample found, but should provide enough guidance to allow accurate and defensible descriptions
by a variety of field geologists.

The following section provides a description of the procedures that should be used when
describing soils.
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2.2.1 General Considerations for Description of Soils

The most popular soil classification method that is based on grain size and other properties, is the
Unified Soil Classification System (USCS). This system was initially developed by A.
Casagrande in 1948 and was then called the Airfield Classification System. It was adopted with
minor modifications by the U.S. Bureau of Reclamation and the U.S. Corps of Engineers in
1952. In 1969, the American Society for Testing and Materials (ASTM) adopted the system. This
system is designated currently by ASTM as D-2488-90 and will be used as a guideline for
classifying and describing lithology. It requires certain information (e.g. liquid limit, plastic limit
moisture content and plasticity index) about the soil which can only be obtained in a laboratory.

The USCS is based on grain size and response to physical manipulation at various water
contents. This system is often used for classifying soils encountered in boreholes, test pits, and

—surface sampling. The following properties form the basis of USCS soil classification:

e Percentage of gravel, sand, and fines;
¢ Shape of the grain size distribution curve; and
o Plasticity and compressibility characteristics.

Four soil fractions are recognized. They are cobbles, gravel, sand, and fines (silt or clay). The
soils are divided as coarse grained soils, fine grained soils, and highly organic soils. The coarse
grained soils contain 50 percent of grains coarser than a number 200 sieve (approximately 0.08
mm). Fine grained soils contain more than 50 percent of material smaller than the number 200
sieve. Organic soils contain particles of leaves, roots, peat, etc.

2.2.2 Soil Description Procedures
The following will be used as a guideline for logging lithology from subsurface activities (i.e.
borehole drilling, trenching, etc.).

The USCS recognizes 15 soil groups and uses names and letter symbols to distinguish between
these groups. The coarse grained soils are subdivided into gravels (G) and sands (S). Both the
gravel and sand groups are divided into four secondary groups. Fine grained soils are subdivided
into silts (M) and clays (C).

Soils are also classified according to their plasticity and grading. Plastic soils are able to change
shape under the influence of applied stress and to retain the shape once the stress is removed.
Soils are referred to either low (L) or high (H) plasticity. The grading of a soil sample refers to
the particle size distribution of the sample. A well graded (W) sand or gravel has a wide range of
particle sizes and substantial amounts of particles sized between the coarsest and finest grains. A
poorly graded (P) sand o gravel consists predominately of one size or has a wide range of sizes
with some intermediate sizes missing.

Soils which have characteristics of two groups are given boundary classifications using the
names that most nearly describe the soil. The two groups are separated by a slash. The same is
true when a soil could be well or poorly graded. Again the two groups are separated by a slash.

Soil description should be concise and stress major constituents and characteristics for fine-
grained, organic, or coarse-grained soils. Tables 1 and 2 are checklists for descriptions of fine-
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grained, organic soils, and coarse-grained soils, respectively. Field descriptions should include as
a minimum:

o Soil name: The basic name of the predominant constituent and a single-word modifier
indicating the major subordinate constituent.

o Particle Size Distribution: An estimate of the percentage and grain-size range of each of
the soil’s subordinate constituents with emphasis on clay-particle constituents. This
description may also include a description of angularity. This parameter is critical for
assessing hydrogeology of the site and should be carefully and fully documented.

Criteria for grain size (Wentworth Scale):

Particle Size (mm) Individual Particle Term
>256 Boulder Gravel
64 - 256 Cobble Gravel
32 - 64 Very Coarse Pebble Gravel
16-32 Coarse Pebble Gravel
8-16 Medium Pebble Gravel
4-8 Fine Pebble Gravel
2-4 Granule Gravel
1-2 Very Coarse Sand
0.5-1 Coarse Sand
0.25-0.5 Medium Sand
0.125-0.25 Fine Sand
0.0625 - 0.125 Very Fine Sand
0.004 - 0.0625 Silt
<0.004 Clay

Criteria for Amounts

Term %

Trace 0-5

Few 5-10

Little 10-20

Some 20 -35

With 35-50

And 50 i.e. equal parts

e Gradation or Plasticity. For granular soil (sands or gravels) that should be described as
wellgraded, poorly graded, uniform, or gap-graded, depending on the gradation of the
minus 3-inch fraction. Cohesive soil (silts or clays) should be described as non-plastic,
low plastic, medium plastic, or highly plastic.
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Criteria for Describing Plasticity

Descriptive item Criteria

Nonplastic A 1/8 inch (3 mm) thread cannot be rolled at any moisture
content.

Low The thread can barely be rolled and the lump cannot be

formed when drier than the plastic limit.

Medium The thread is easy to roll and not much time is required to

reach the plastic limit. The thread cannot be rerolled after
reaching the plastic limit. The lump crumbles when drier than
the plastic limit.

High

It takes considerable time rolling and kneading to reach the
plastic limit. The thread can be rerolled several times close to
the plastic limit. The lump can be formed without crumbling

when drier than the plasfic limif.

Dry Strength. Dry strength describes the crushing characteristics of a dry soil crumb about
Ya inch (5 mm) in diameter. If a crumb of dry soil is not available, after removing particles
larger than No. 40 sieve size, mold at least three balls of soil about % inch (5 mm) in
diameter to the consistency of putty, adding water if necessary. Allow the balls to dry
completely by oven, sun, or air drying, and then test their strength by breaking and
crumbling between the fingers. This strength is a measure of the character and quantity of
the colloidal fraction contained in the soil. The dry strength increases with increasing

plasticity.

Criteria for Describing Dry Strength

Descriptive item Criteria

None The dry specimen crumbles into powder with mere pressure of
handling

Low The dry specimen crumbles into powder with some finger
pressure.

Medium The dry specimen breaks into pieces and crumbles with
considerable finger pressure.

High The dry specimen cannot be broken with finger pressure.
Specimen will break into pieces between thumb and a hard
surface.

Very high The dry specimen cannot be broken between the thumb and a
hard surface.
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Dilatancy. Dilatancy describes the soils reaction to shaking. After removing particles
larger than No. 40 sieve size, prepare a ball of moist soil about % inch (15 mm) in
diameter. Add enough water, if necessary, to make the soil soft but not sticky. Place the
ball in the open palm of one hand and shake horizontally, striking vigorously against the
other hand several times. A positive reaction consists of the appearance of water on the
surface of the ball which changes to a livery consistency and becomes glossy. When the
sample is squeezed between the fingers, the water and gloss disappear from the surface,
the ball stiffens, and finally cracks or crumbles. The rapidity of appearance of water
during shaking and of its disappearance during squeezing assist in identifying the
character of the fines in a soil.

Criteria for Describing Dilatancy

Descriptive item Criteria

None

No visible change in the speciimen

Slow Water appears slowly on the surface of the specimen during
shaking and does not disappear, or disappears slowly upon
squeezing.

Rapid Water appears quickly on the surface of the specimen during

shaking and disappears quickly upon squeezing.

Toughness. Toughness is the consistency of the soil near the plastic limit. After removing
particles larger than the No. 40 sieve size, mold a ball of soil about 2 inch (15 mm) in
diameter to the consistency of putty. If too dry, water must be added and if sticky, the
specimen should be spread out in a thin layer and allowed to lose some moisture by
evaporation. The specimen is then rolled out by hand on a smooth surface or between the
palms into a thread about 1/8 inch (3 mm) in diameter. The thread is folded and rerolled
repeatedly. During this manipulation, the moisture content is gradually reduced and the
specimen stiffens, finally loses it plasticity, and crumbles when the plastic limit is
reached.

Criteria for Describing Toughness

Descriptive item Criteria

Low

Only slight pressure is required to roll the thread near the
plastic limit. The thread and lump are weak and soft.

Medium Medium pressure is required to roll the thread to near the

plastic limit. The lump and thread 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.
e Color. The basic color of the soil (refer to Munsell soil color charts).
Criteria for Mottling:
Contrast Term Description
Faint indistinct
Distinct easily seen
Prominent outstanding
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e QOdor. Odor is described from a warm, moist sample. The odor should only be described if
it is organic or unusual. An organic odor will have distinctive decaying vegetation smell.
Unusual odors, petroleum product, chemical, and the like should be described.

e Soil Texture and Structure. Description of particle size distribution, arrangement of
particles into aggregates, and their structure. This description includes joints, fissures,
slicked sides, bedding, veins, root holes, debris, organic content, and residual or relict
structure, as well as other characteristics that may influence the movement or retention of
water or contaminants.

Structure (for description of soils only)

Descriptive item Criteria

Stratified Alternating layers of varying material or color with layers at
least 6 mm (1/4 inch)
thick; note thickness

Laminated Altermating layers of varying material-orcolor-with-layers-less
than 6 mm (1/ 4 inch) thick; note thickness.

Fissured Breaks along definite planes of fracture with little resistance
to fracturing.

Slickensided Fracture planes appear polished or glossy, sometimes striated
(parallel grooves or
scratches)

Blocky Cohesive soil that can be broken down into small angular
lumps which resist further breakdown.

Lensed Inclusion of small lenses of sand scattered through a mass of
clay; note thickness.

Homogeneous Same color and appearance throughout.

Additional descriptors for bedding or laminations

Term Thickness (feet/meters)
Very Thickly Bedded >3.3’ (1 m)

Thickly Bedded 1°- 3.3’ (30 - 100 cm)
Medium Bedded 4”-1°(10-30 cm)
Thinly Bedded 17-4”(3-10 cm)
Very Thinly Bedded 0.4”-17(1-3 cm)
Thickly Laminated 0.12”-0.4” (0.1 - 1 cm)
Thinly Laminated <0.12” (<0.3 cm)

¢ Moisture Content. The amount of soil moisture described as dry, moist, or wet/saturated.

Criteria for Describing Moisture

Descriptive item Criteria

Dry Absence of moisture, dusty, dry to the touch

Moist Damp but no visible water

Wet/saturated Visible free water, usually soil is below water table.
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e Relative Density or Consistency. An estimate of density of a fine-grained soil or

consistency of a cohesive soil, usually based on standard penetration tests.

Criteria for Describing Consistency

Descriptive item Criteria

Very soft Thumb penetrates soil more than 1 inch

Soft Thumb penetrates about 1 inch

Firm Thumb indentation up to V4 inch

Hard No indentation with thumb, readily indented with thumbnail

Very Hard Not indented with thumbnail

Density, based upon blow counts:

Sand or Gravel | Blows per foot | Silt or Clay Blows per foot | Thumb Penetration

Very loose 0-4 Very soft 0-2 Very easily

‘Loose 4-10 Soft 24 Easily

Medium dense | 10 - 30 Medium stiff | 4-8 Moderate effort

Dense 30-50 Stiff 8-15 Indented easily

Very dense >50 Very stiff 15-30 Indented by nail
Hard >30 Difficult by nail

e Cementation. An estimate of cementation of a coarse-grained soil.

Criteria for Describing Cementation

Descriptive item Criteria

Weak Crumbles or breaks with handling or little finger pressure.
Moderate Crumbles or breaks with considerable finger pressure.
Strong Will not crumble or break with finger pressure.

e Relative Permeability. An estimate of the permeability based on visual examination of
materials (e.g., high permeability for course sand and gravel verses low permeability for
silty clay). The estimate should address presence and condition of fractures (open, iron-
stand, calcite-filled, open but claylined, etc.), as well as fracture density and orientation;

o Local Geologic Name. Any specific local name or generic name (i.e., alluvium, loess).

e Group Symbol. USCS of symbols.

The soil logs should also include a complete description of any tests run in the borehole;
placement and construction details of piezometers, wells, and other monitoring equipment;
abandonment records; geophysical logging techniques used; and notes on readings obtained by
air monitoring instruments.
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Examples of soil descriptions:

Fine to coarse SAND, and medium to coarse GRAVEL

Fine GRAVEL, some fine to coarse Sand, little Silt, trace Clay

Medium to coarse SAND, trace fine Gravel, trace fine Sand

Gray, wet, medium dense, fine to coarse SAND, some fine Gravel

Brown with distinct gray mottling, moist, soft, interbedded SILT and CLAY, trace fine Sand,
very thinly bedded.

Notes:

-Always use capital letters for primary constituents, or both primary constituents if you use
“and”. The first letter of each subsequent component of soil content is capitalized.

-Describe grain size small to large (ex. fine to coarse Gravel).

-Within one percentage category, list in decreasing grain-size (ex. trace fine Gravel, trace fine
Sand).
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STANDARD OPERATING PROCEDURE

SOIL SCREENING USING A PID

1. PURPOSE

The purpose of this procedure is to screen soil samples while in the field for the presence of
volatile organic vapors using a photoionization detector (PID).

2. PROCEDURE

2.1 FIELD PREPARATION
Charge and calibrate the instrument.

2.1.1 Forms

Daily Report Sheets

Tailgate Health and Safety
Field PID Screening Data Form

2.1.2 Equipment

PID with 10.6 eV lamp for lighter (molar mass) organic compounds, and an 11.7 eV lamp for
heavier organic compounds.

Either a stainless steel (must be decontaminated between samples) or a disposable plastic or
wooden spatula for cutting soil samples and transferring them to containers.

Latex or nitrile sampling gloves - sufficient quantity to change for each sample collection event.
Self-locking plastic bags for field screening

Watch or clock.

Permanent fine point markers.

DOT-approved sealed drums for storage of excess soil (if required).

Personal protective equipment as described within the Site Health and Safety Plan.

2.1.3 Documents
Health and Safety Plan
Workplan

Maps

2.1.4 Other

Cellular telephone

First aid kit

Personal comfort items
Bubble wrap for samples
Distilled water

Paper towels
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2.2 FIELD ACTIVITIES
Select and install the lamp with the appropriate ionization energy for the objective of the field
screening. See the PID instruction manual for proper lamp selection for various compounds.

2.2.1 Calibration
Calibrate the PID by following the calibration procedure described in the PID instruction manual.
Be sure to use the appropriate calibration gas as identified within the manual.

2.2.2 Sample collection

After retrieving a soil sample from the sample location, segregate the portion of the sample
identified for screening either a decontaminated stainless steel implement, or a disposable plastic
or wooden implement. Place the soil sample into the zip-lock plastic bag and seal the bag. Set

—the plasticbag-and-sample-aside-for-later-PID_screening._A_new_pair of disposable latex or nitrile

gloves must be worn for each soil screening event,

After being placed into the self-locking plastic bag, the sample will be clearly labeled using
permanent ink, and allowed to equilibrate with ambient air temperature (minimum wait of 15
minutes). If the ambient temperature is below 32 degrees Fahrenheit (0 degress Celsius), the
sample should be placed in a heated vehicle or a building for 15 minutes prior to analysis.

Note and record the background PID response on the field PID data form, then slightly open the
seal on the self-locking plastic bag, insert the PID probe tip, and observe and record the response.
Do not allow the probe tip to come into contact with the soil sample to prevent the uptake of soil
particles into the PID. If the vapor concentrations rise quickly and then subside, record the
maximum reading indicated. If the vapor readings increase slowly, observe the readings and
record the concentration response after one minute.

Record the observed vapor concentrations on the field PID data form, and the rate of response, as
this provides useful information about the relative volatility of the vapor-emitting compounds.
Record descriptions of the soil type and relative moisture content and note any visual or olfactory
impacts.

Allow the monitoring equipment to return to zero before initiating the next sample screening.
3. QUALITY ASSURANCE

Always calibrate the instrument prior to use. Telephone the project manager prior to leaving the
site at the completion of each day.
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STANDARD OPERATING PROCEDURE

GROUNDWATER ELEVATIONS

1. PURPOSE

The purpose of this procedure is to obtain groundwater level measurements from wells and
piezometers to assist in defining site hydrogeologic conditions.

2. PROCEDURE

2.1 FIELD PREPARATION
Notify client, property owner, and regulatory angency as necessary.

2.1.I Forms

Water Level Data Sheet
Daily Report Sheets
Tailgate Health and Safety
Field Service Request

2.1.2 Equipment

Well keys

Electronic water level indicator

Calculator

Latex or nitrile gloves

Tools to access wells

Metal detector, turkey baster or plastic cup

Pens and permanent markers.

Decontamination equipment including deionized or distilled water, Alconox, and paper towels.
Garbage bags.

2.1.3 Documents

Well Construction Log, or total well depth and previous water level measurements
Well location map/site map

Work Plan

Health and Safety Plan

Signed site access agreement, as applicable

2.1.4 Other

Cellular phone

Replacement locks

Writing implements and an indelible marker
First aid kit

Personal comfort items

Machete or other vegetation-clearing tool
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2.2 FIELD ACTIVITIES
Don a new pair of latex or nitrile gloves and open the well with a socket set if it is a flush grade
manhole cover or a key if it is an above grade cover.

Beware of insects (particularly wasps and bees) that may be nesting within the protective casing.
Bail out any standing water with a turkey baster or cup in flush-grade manholes. Note on
presence and appearance of standing water, insects, and well condition.

Unlock, loosen, and carefully remove locking expandable well cap.
Well may be under pressure. Always face away from well when removing well cover. Allow

groundwater elevation to stabilize for a minimum of five minutes prior to measuring depth to
groundwater. When working on smaller sites, it may be appropriate to open all of the wells first,

and then gauge them.

2.2.1 Identify the Monitoring Point for the Well

The well monitoring point may be the north side of the riser casing and marked with an indelible
marker, or on the highest side of the top of casing. The top of an above-grade protector or flush-
grade manhole should never be used as a reference point due to frost heave and settling. Note the
reference point used on the Water Level Data Sheet.

2.2.2 Obtain the Water Level Measurement
Water levels will be measured from suspected cleanest (up-gradient) well to the suspected most
contaminated (down-gradient or near source) well.

Use a consistent sensitivity setting for all wells.

Lower the decontaminated probe into the well until a “beep” sound is heard. The probe should be
raised and lowered to confirm the exact water level. NOTE: condensation inside the well casing
can result in a premature sounding and contaminants can result in incorrect confirmatory
measurements. Refer to previous depths to groundwater recorded on the Field Groundwater
Sample Form to verify measurement, if available. When a false reading is suspected, gently
shake the tape of the electronic water level indicator until the audible sound stops. Then proceed
to lower the probe to confirm.

Read the tape at the monitoring point and recorded the measurement to the nearest 0.01-foot on
the Water Level Data Sheet.

Lower probe to bottom of well and record total depth on Field Groundwater Sample Form, if
necessary.

Complete all information on the Water Level Data Sheet.
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2.2.4 Decontamination

The measuring device shall be decontaminated immediately after each use. The decontamination
procedure should be initiated while reeling in the tape and probe: wipe tape with clean paper
towel soaked with deionized or distilled water and Alconox solution, rinse probe with deionized
or distilled water and Alconox solution, rinse tape and probe with deionized or distilled water,
and dry probe with clean paper towel. Apply decontamination fluids with a labeled spray bottle.

3. QUALITY ASSURANCE

There are no specific quality assurance (QA) activities which apply to the implementation of
these procedures. However, the following QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks.
2. All_instrumentation_must be operated in accordance with operating instructions as

supplied by the manufacturer, unless otherwise specified in the work plan. Equipment
checkout and calibration activities must occur prior to sampling/operation, and they must
be documented.
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STANDARD OPERATING PROCEDURE

MONITORING WELL DEVELOPMENT

1. PURPOSE

This procedure describes development procedures for wells and piezometers in unconsolidated
and consolidated (rock) materials. Adherence to this procedure will ensure that wells and
piezometers installed as part of a groundwater impact investigation will be adequate for the
collection of groundwater quality samples and water level measurements. Wells or piezometers
may be installed to determine one or more of the following: 1) water table or piezometric
elevations and their fluctuation over time; 2) the presence or absence of light non-aqueous phase
liquids (LNAPLs) on the water surface, or dense non-aqueous phase liquids (DNAPLSs) at depth;

and-3)-the presence or absence_of specific contaminant compounds in the groundwater.

2. PROCEDURE

2.1 FIELD PREPARATION

Call for utility clearance more than 72 hours in advance of field activity commencement to
identify buried utilities in the area of subsurface activity.

Notify the client, property owner, and Regulatory agency as necessary.

2.1.1 Forms

Field notebook

Field well development forms
Tailgate Health and Safety form
Daily Report Sheets

2.1.2 Equipment

Extra well caps (expanding, locking) to replace missing or damaged caps.

Extra locks (keyed alike) to replace missing or broken well locks.

Well keys

Bailers (disposable or dedicated) and/or submersible pump, discharge hose and generator.
Graduated bucket.

Tools to open flush-mount wells.

Latex or nitrile gloves.

Pens, pencils and permanent markers.

Water quality meter (temperature-pH-conductivity)

2.1.3 Documents

Site Access Agreements (if necessary)
Site maps

Workplan

Health and Safety Plan
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2.1.4 Other

Cellular telephone

First aid kit

Personal comfort items

Drum(s) or polyethylene tank(s) if groundwater needs to be contained.

2.2 Well Development

Wells and monitor wells will be developed using either a pump or a bailer or a combination of
the two to remove the effects of drilling and installation operations. If a monitor well can be
purged dry, development will consist of slowly purging the well dry to limit agitation.
Development is complete when ten well volumes have been removed, or sediment-free water is
produced. If a monitor well cannot be purged dry, it will be developed by alternately surging and
purging the well for a minimum of 30 minutes and then pumping or bailing until ten well

volumes are removed or until sediment free water is produced.

The well casing volume is determined as follows:

e Using the electronic water level indicator, determine the depth to the top of the water
table surface (Hj).

e Determine the depth to the bottom of the well (Hy) using the Well Construction Log if
verified, or by using the water level indicator. Measure the total well depth during your
first visit to a site.

e Calculate the height of the column of water (H) as the difference between the two
measurements (H = Hp - Hy).

e Calculate the volume of water occupying the well casing using the formula to calculate
the volume of a cylinder:

V=nr2H
where:
V =volume of water in the casing, in gallons
7 = the constant "Pi", approximately equal to 3.14
r = radius of the well casing, in feet
H = height of the initial column of water in the casing, in feet
It is imperative that all units are compatible; i.e., do not use inches for r, meters for H, and
gallons for V.
A simplified version of this formula is provided using the well casing diameter in inches:

Well Casing Diameter (inches) Equation
| V=H (0.0408)
2 V=H (0.1632)
4 V=H (0.6528)
6 V=H (1.4688)
where:

V =volume of water in the casing, in gallons
H = height of the initial column of water in the casing, in feet
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Multiply the casing volume by three or five to determine the minimum volume of water that
should be purged from the well prior to collecting a water sample.

Periodic measurements and observations of field parameters including temperature, specific
conductance, pH, visual appearance and odor will be made and recorded on well
development/purge summary form as each well is developed. In addition, time expended in
development, volume of water removed, and any sedimentation present in the bottom of each
well before and after development will be noted. Water level measurements will be obtained
prior to and following development, and following water level stabilization.

3. QUALITY ASSURANCE

There are no specific quality assurance (QA) activities which apply to the implementation of
these procedures. However, the following QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks/notebooks.

2. All instrumentation must be operated in accordance with operating instructions as
supplied by the manufacturer, unless otherwise specified in the work plan. Equipment
checkout and calibration activities must occur prior to sampling/operation, and they must
be documented.
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STANDARD OPERATING PROCEDURE

LOW-FLOW (MINIMUM DRAWDOWN) GROUNDWATER SAMPLING

1. PURPOSE

This standard operating procedure (SOP) provides a general framework for collecting ground
water samples that are indicative of mobile organic and inorganic loads at ambient flow
conditions (both the dissolved fraction and the fraction associated with mobile particulates). The
SOP emphasizes the need to minimize stress by low water-level drawdowns, and low pumping
rates (usually less than 1 liter/min) in order to collect samples with minimal alterations to water
chemistry. This SOP is aimed primarily at sampling monitoring wells that can accept a
submersible pump and have a screen, or open interval length of 10 feet or less (this is the most

common-situation)—However,-this_procedure_is_flexible_and_can be used in a variety of well

construction and ground-water yield situations. Samples thus obtained are suitable for analyses of
ground water contaminants (volatile and semi-volatile organic analytes, pesticides, PCBs, metals
and other inorganics), or other naturally occurring analytes.

This procedure does not address the collection of samples from wells containing light or dense
non-aqueous phase liquids (LNAPLs and DNAPLs). For this the reader may wish to check:
Cohen, R.M. and J.W. Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA Ground-Water
Monitoring: Draft Technical Guidance; Washington, DC (EPA/530-R-93-001).

The screen, or open interval of the monitoring well should be optimally located (both laterally
and vertically) to intercept existing contaminant plume(s) or along flowpaths of potential
contaminant releases. It is presumed that the analytes of interest move (or potentially move)
primarily through the more permeable zones within the screen, or open interval.

Proper well construction and development cannot be overemphasized, since the use of
installation techniques that are appropriate to the hydrogeologic setting often prevents "problem
well" situations from occurring. It is also recommended that as part of development or
redevelopment the well should be tested to determine the appropriate pumping rate to obtain
stabilization of field indicator parameters with minimal drawdown in shortest amount of time.
With this information field crews can then conduct purging and sampling in a more expeditious
manner.

The mid-point of the saturated screen length (which should not exceed 10 feet) is used by
convention as the location of the pump intake. However, significant chemical or permeability
contrast(s) within the screen may require additional field work to determine the optimum vertical
location(s) for the intake, and appropriate pumping rate(s) for purging and sampling more
localized target zone(s). Primary flow zones (high(er) permealability and/or high(er) chemical
concentrations) should be identified in wells with screen lengths longer than 10 feet, or in wells
with open boreholes in bedrock. Targeting these zones for water sampling will help insure that
the low stress procedure will not underestimate contaminant concentrations. The Sampling and
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Analysis Plan must provide clear instructions on how the pump intake depth(s) will be selected,
and reason(s) for the depth(s) selected.

Stabilization of indicator field parameters is used to indicate that conditions are suitable for
sampling to begin. Achievement of turbidity levels of less than 5 NTU and stable drawdowns of
less than 0.3 feet, while desirable, are not mandatory. Sample collection may still take place
provided the remaining criteria in this procedure are met. If after 4 hours of purging indicator
field parameters have not stabilized, one of 3 optional courses of action may be taken: a)
continue purging until stabilization is achieved, b) discontinue purging, do not collect any
samples, and record in log book that stabilization could not be achieved (documentation must
describe attempts to achieve stabilization) c¢) discontinue purging, collect samples and provide
full explanation of attempts to achieve stabilization (note: there is a risk that the analytical data
obtained, especially metals and strongly hydrophobic organic analytes, may not meet the

sampling-objectives).

2. PROCEDURE
2.1 FIELD PREPARATION
Notify client, property owner, and Regulatory agency as necessary.

2.1.1 Forms

e Water Level Data Sheet
Daily Report Sheets
Chain of Custodies
Water Quality Data Sheet
Field Service Request
Tailgate Health and Safety
Well Construction Log
Well location map/site map
Work Plan
Health and Safety Plan
Signed site access agreement

2.1.2 Equipment

e Extraction device - Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or Teflon). Adjustable rate,
peristaltic pumps (suction) may be used with caution. Note that EPA guidance states:
"Suction pumps are not recommended because they may cause degassing, pH
modification, and loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).
The use of inertial pumps is discouraged. These devices frequently cause greater
disturbance during purging and sampling and are less easily controlled than the pumps
listed above. This can lead to sampling results that are adversely affected by purging and
sampling operations, and a higher degree of data variability.
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e Tubing - Teflon or Teflon lined polyethylene tubing are preferred when sampling is to
include VOCs, SVOCs, pesticides, PCBs and inorganics. PVC, polypropylene or
polyethylene tubing may be used when collecting samples for inorganics analyses.
However, these materials should be used with caution when sampling for organics. If
these materials are used, the equipment blank (which includes the tubing) data must show
that these materials do not add contaminants to the sample. Stainless steel tubing may be
used when sampling for VOCs, SVOCs, pesticides, and PCBs. However, it should be
used with caution when sampling for metals. The use of 1/4 inch or 3/8 inch (inner
diameter) tubing is preferred. This will help ensure the tubing remains liquid filled when
operating at very low pumping rates. Pharmaceutical grade (Pharmed) tubing should be
used for the section around the rotor head of a peristaltic pump, to minimize gaseous
diffusion.

e Water level measuring device(s), capable of measuring to 0.01 foot accuracy (electronic

“tape”, pressure transducer)Recording-pressure-transducers,.mounted_above the pump,

are especially helpful in tracking water levels during pumping operations, but their use
must include check measurements with a water level “tape” at the start and end of each
record.

¢ Flow measurement supplies (e.g., graduated cylinder and stop watch).

¢ Interface probe, if needed.

e Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be
located downwind and at least 30 feet from the well so that the exhaust fumes do not
contaminate the samples.

e Indicator field parameter monitoring instruments - pH, Eh, dissolved oxygen (DO),
turbidity, specific conductance, and temperature. Use of a flow-through-cell is required
when measuring all listed parameters, except turbidity. Standards to perform field
calibration of instruments. Analytical methods are listed in 40 CFR 136, 40 CFR 141, and
SW-846. For Eh measurements, follow manufacturer's instructions.

e Decontamination equipment including deionized or distilled water, Alconox, graduated

cylinders, and paper towel

Logbook(s), and other forms (for example, well purging forms).

Laboratory provided containers and labels

Laboratory-cleaned cooler

Ice to keep the samples cold

Well construction data, location map, field data from last sampling event.

Well keys.

Site specific Sample and Analysis Plan/Quality Assurance Project Plan.

PID or FID instrument (if appropriate) to detect VOCs for health and safety purposes, and

provide qualitative field evaluations.

Calculator

Latex or nitrile gloves

Tools to access wells

Knife, or scissors

Garbage bags

Two graduated 5-gallon pails to collect purge water
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e Cellular phone
* Replacement locks
e Writing implements and an indelible marker

If needed:
¢ DOT-approved sealed drums for storage of purged well water, or a suitable location to
disperse of liquid (i.e., on-site treatment system)
¢ Quantab ™ and Hach™ Titration kits
e Bubble wrap if required to protect samples during shipment to the laboratory.
Machete or other vegetation-clearing tool

2.2 FIELD ACTIVITIES

2:2-1-Preliminary-Site-Activities.

Check well for security damage or evidence of tampering, record pertinent observations.
Lay out sheet of clean polyethylene for monitoring and sampling equipment.

Remove well cap and immediately measure VOCs at the rim of the well with a PID or FID
instrument and record the reading in the field logbook.

If the well casing does not have a reference point (usually a V-cut or indelible mark in the well
casing), make one. Describe its location and record the date of the mark in the logbook.

A synoptic water level measurement round should be performed (in the shortest possible time)
before any purging and sampling activities begin. It is recommended that water level depth (to
0.01 ft.) and total well depth (to 0.1 ft.) be measured the day before, in order to allow for re-
settlement of any particulates in the water column. If measurement of total well depth is not
made the day before, it should not be measured until after sampling of the well is complete. All
measurements must be taken from the established referenced point. Care should be taken to
minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs before the initial
sampling round. If none are encountered, subsequent check measurements with an interface
probe are usually not needed unless analytical data or field head space information signal a
worsening situation. Note: procedures for collection of LNAPL and DNAPL samples are not
addressed in this SOP.

2.2,2 Well Purging and Sampling Procedure

Sampling wells in order of increasing chemical concentrations (known or anticipated) is
preferred.
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1. Install Pump — Lower pump, safety cable, tubing and electrical lines slowly (to minimize
disturbance) into the well to the midpoint of the zone to be sampled. The Sampling and
Analysis Plan should specify the sampling depth, or provide criteria for selection of
intake depth for each well (see Section I). If possible keep the pump intake at least two
feet above the bottom of the well, to minimize mobilization of particulates present in the
bottom of the well. Collection of turbid free water samples may be especially difficult if
there is two feet or less of standing water in the well. _

2. Measure Water Level — Before starting pump, measure water level. If recording pressure
transducer is used-initialize starting condition.

3. Purge Well

a. Initial Low Stress Sampling Event — Start the pump at its lowest speed setting and
slowly increase the speed until discharge occurs. Check water level. Adjust pump
speed until there is little or no water level drawdown (less than 0.3 feet). If the
minimal_drawdown_that_can_be achieved exceeds 0.3 feet but remains stable,

continue purging until indicator field parameters stabilize.

Monitor and record water level and pumping rate every three to five minutes (or
as appropriate) during purging. Record any pumping rate adjustments (both time
and flow rate). Pumping rates should, as needed, be reduced to the minimum
capabilities of the pump (for example, 0.1 - 0.4 I/min) to ensure stabilization of
indicator parameters. Adjustments are best made in the first fifteen minutes of
pumping in order to help minimize purging time. During pump start-up,
drawdown may exceed the 0.3 feet target and then "recover" as pump flow
adjustments are made. Purge volume calculations should utilize stabilized
drawdown value, not the initial drawdown. Do not allow the water level to fall to
the intake level (if the static water level is above the well screen, avoid lowering
the water level into the screen). The final purge volume must be greater than the
stabilized drawdown volume plus the extraction tubing volume.

Wells with low recharge rates may require the use of special pumps capable of
attaining very low pumping rates (bladder, peristaltic), and/or the use of dedicated
equipment. If the recharge rate of the well is lower than extraction rate capabilities
of currently manufactured pumps and the well is essentially dewatered during
purging, then the well should be sampled as soon as the water level has recovered
sufficiently to collect the appropriate volume needed for all anticipated samples
(ideally the intake should not be moved during this recovery period). Samples may
then be collected even though the indicator field parameters have not stabilized.

NOTE: If well goes dry before at least 3 well volumes can be purged from the
well, allow groundwater to recharge, then collect sample.

b. Subsequent Low Stress Sampling Events — After synoptic water level

measurement round, check intake depth and drawdown information from previous
sampling event(s) for each well. Duplicate, to the extent practicable, the intake
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depth and extraction rate (use final pump dial setting information) from previous
event(s). Perform purging operations as above.

4. Monitor Indicator Field Parameters — During well purging, monitor indicator field
parameters (turbidity, temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate). Note: during the early phase of purging
emphasis should be put on minimizing and stabilizing pumping stress, and recording
those adjustments. Purging is considered complete and sampling may begin when all the
above indicator field parameters have stabilized. Stabilization is considered to be
achieved when three consecutive readings, taken at three (3) to five (5) minute intervals,
are within the following limits:

o turbidity (10% for values greater than 1 NTU),
o DO (10%), specific conductance (3%),

s—temperature-(3%),

e pH (0.1 unit),
e ORP/Eh (% 10 millivolts).

All measurements, except turbidity, must be obtained using a flow-through-cell.
Transparent flow-through-cells are preferred, because they allow field personnel to watch
for particulate build-up within the cell. This build-up may affect indicator field parameter
values measured within the cell and may also cause an underestimation of turbidity values
measured after the cell. If the cell needs to be cleaned during purging operations, continue
pumping and disconnect cell for cleaning, then reconnect after cleaning and continue
monitoring activities.

The flow-through-cell must be designed in a way that prevents air bubble entrapment in
the cell. When the pump is turned off or cycling on/off (when using a bladder pump),
water in the cell must not drain out. Monitoring probes must be submerged in water at all
times. If two flow-through-cells are used in series, the one containing the dissolved
oxygen probe should come first (this parameter is most susceptible to error if air leaks
into the system).

5. Collect Water Samples — Water samples for laboratory analyses must be collected before
water has passed through the flow-through-cell (use a by-pass assembly or disconnect cell
to obtain sample).

VOC samples should be collected first and directly into pre-preserved sample containers.
Fill all sample containers by allowing the pump discharge to flow gently down the inside
of the container with minimal turbulence.

During purging and sampling, the tubing should remain filled with water so as to
minimize possible changes in water chemistry upon contact with the atmosphere. It is
recommended that 1/4 inch or 3/8 inch (inside diameter) tubing be used to help insure
that the sample tubing remains water filled. If the pump tubing is not completely filled to
the sampling point, use one of the following procedures to collect samples:
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e add clamp, connector (Teflon or stainless steel) or valve to constrict sampling end of
tubing;

o insert small diameter Teflon tubing into water filled portion of pump tubing allowing
the end to protrude beyond the end of the pump tubing, collect sample from small
diameter tubing;

o collect non-VOC samples first, then increase flow rate slightly until the water
completely fills the tubing, collect sample and record new drawdown, flow rate and
new indicator field parameter values.

Add preservative, as required by analytical methods, to samples immediately after they
are collected if the sample containers are not pre-preserved. Check analytical methods
(e.g. EPA SW-846, water supply, etc.) for additional information on preservation. Check
pH for all samples requiring pH adjustment to assure proper pH value. For VOC samples,

preservative that needs to be added to the sample containers prior to sampling.

If determination of filtered metal concentrations is a sampling objective, collect filtered
water samples using the same low flow procedures. The use of an in-line filter is required,
and the filter size (0.45 um is commonly used) should be based on the sampling
objective. Pre-rinse the filter with approximately 25 - 50 ml of ground water prior to
sample collection. Preserve filtered water sample immediately. Note: filtered water
samples are not an acceptable substitute for unfiltered samples when the monitoring
objective is to obtain chemical concentrations of total mobile contaminants in ground
water for human health risk calculations.

Label each sample as collected. Samples requiring cooling (volatile organics, cyanide,
etc.) will be placed into a cooler with ice or refrigerant for delivery to the laboratory.
Metal samples after acidification to a pH less than 2 do not need to be cooled.

6. Post Sampling Activities — If recording pressure transducer is used, remeasure water level
with tape.

After collection of the samples, the pump tubing may either be dedicated to the well for
resampling (by hanging the tubing inside the well), decontaminated, or properly
discarded.

Before securing the well, measure and record the well depth (to 0.1 fi.), if not measured
the day before purging began. Note: measurement of total well depth is optional after the
initial low stress sampling event. However, it is recommended if the well has a “silting”

problem or if confirmation of well identity is needed.

Secure the well.
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2.2.3 Decontamination

Decontaminate sampling equipment prior to use in the first well and following sampling of each
subsequent well. Pumps will not be removed between purging and sampling operations. The
pump and tubing (including support cable and electrical wires which are in contact with the well)
will be decontaminated by one of the procedures listed below.

Procedure 1

The decontaminating solutions can be pumped from either buckets or short PVC casing sections
through the pump or the pump can be disassembled and flushed with the decontaminating
solutions. It is recommended that detergent and isopropyl alcohol be used sparingly in the

decontamination process and water flushing steps be extended to ensure that any sediment
trapped in the pump is removed. The pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is as follows:

e Flush the equipment/pump with potable water.

e Flush with non-phosphate detergent solution. If the solution is recycled, the solution must
be changed periodically.

e Flush with potable or distilled/deionized water to remove all of the detergent solution. If
the water is recycled, the water must be changed periodically.

¢ Flush with isopropyl alcohol (pesticide grade). If equipment blank data from the previous
sampling event show that the level of contaminants is insignificant, then this step may be
skipped.

¢ Flush with distilled/deionized water. The final water rinse must not be recycled.

Procedure 2

Steam clean the outside of the submersible pump. Pump hot potable water from the steam
cleaner through the inside of the pump. This can be accomplished by placing the pump inside a
three or four inch diameter PVC pipe with end cap. Hot water from the steam cleaner jet will be
directed inside the PVC pipe and the pump exterior will be cleaned. The hot water from the
steam cleaner will then be pumped from the PVC pipe through the pump and collected into
another container. Note: additives or solutions should not be added to the steam cleaner.

Pump non-phosphate detergent solution through the inside of the pump. If the solution is
recycled, the solution must be changed periodically.

Pump potable water through the inside of the pump to remove all of the detergent solution. If the
solution is recycled, the solution must be changed periodically.

Pump distilled/deionized water through the pump. The final water rinse must not be recycled.
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2.2.4 Disposal

Dispose of all gloves, bailers, rope/string, tubing, and filters used to collect the sample prior to
accessing the next well. Empty purge water onto the ground, away from the well, or in the event
containerizing is required, transfer purged water from the pail into the appropriate storage
container for storage until disposal/treatment is arranged.

3. QUALITY ASSURANCE

Quality control samples are required to verify that the sample collection and handling process has
not compromised the quality of the ground water samples. All field quality control samples must
be prepared the same as regular investigation samples with regard to sample volume, containers,
and preservation. The following quality control samples shall be collected for each batch of
samples (a batch may not exceed 20 samples). Trip blanks are required for the VOC samples at a

frequency of oneset-per-VOE-sample-cooler.

Field duplicate.

Matrix spike.

Matrix spike duplicate.

Equipment blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler).

Equipment blank shall include the pump and the pump's tubing. If tubing is dedicated to the well,
the equipment blank will only include the pump in subsequent sampling rounds.

Collect samples in order from wells with lowest contaminant concentration to highest
concentration. Collect equipment blanks after sampling from contaminated wells and not after
background wells.

Field duplicates are collected to determine precision of sampling procedure. For this procedure,
collect duplicate for each analyte group in consecutive order (VOC original, VOC duplicate,
SVOC original, SVOC duplicate, etc.).

If split samples are to be collected, collect split for each analyte group in consecutive order (VOC
original, VOC split, etc.). Split sample should be as identical as possible to original sample.

All monitoring instrumentation shall be operated in accordance with EPA analytical methods and
manufacturer's operating instructions. EPA analytical methods are listed in 40 CFR 136, 40 CFR
141, and SW- 846 with exception of Eh, for which the manufacturer's instructions are to be
followed. Instruments shall be calibrated at the beginning of each day. If a measurement falls
outside the calibration range, the instrument should be re-calibrated so that all measurements fall
within the calibration range. At the end of each day, check calibration to verify that instruments
remained in calibration. Temperature measuring equipment, thermometers and thermistors, need
not be calibrated to the above frequency. They should be checked for accuracy prior to field use
according to EPA Methods and the manufacturer's instructions.
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Avoid cross-contamination of wells with the water level indicator, and sampling equipment by
conducting proper decontamination procedures described above. Take care in labeling the
samples, and the corresponding Chain-of-Custody with the correct sample date, time and well
identification. All labeling must be consistent between sample labels and the Chain of Custody.
Keep samples on ice following collection, and be conscience of “hold-times” for the samples. It
is imperative that samples are submitted to the laboratory prior to the exceedence of hold times.

4. FIELD LOG BOOK

A field log shall be kept to document all ground water field monitoring activities (see attached
example matrix), and record all of the following:

Well identification.

Well depth, and measurement technique.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and detection method.

Pumping rate, drawdown, indicator parameters values, and clock time, at the appropriate
time intervals; calculated or measured total volume pumped.

Well sampling sequence and time of each sample collection.

Types of sample bottles used and sample identification numbers.

Preservatives used.

Parameters requested for analysis.

Field observations during sampling event.

Name of sample collector(s).

Weather conditions.

QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling equipment used, including trade names, model number,
diameters, material composition, etc.
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STANDARD OPERATING PROCEDURE
CHAIN-OF-CUSTODY PROCEDURES

1.0 PURPOSE

Chain-of-custody procedures are established to provide sample integrity. Sample custody protocols
will be based on procedures as described in "NEIC Policies and Procedures", EPA-330/9-78-DD1-R,
Revised June, 1985. This custody is in two parts: sample collection and laboratory analysis. A
sample is under a person's custody if it meets the following requirements:

It is in the person's possession;

It is in the person's view, after being in the person's possession;

It was in the person's possession and it was placed in a secured location; or
It is in a designated secure area.

2.0 FIELD SPECIFIC CUSTODY PROCEDURES—

The sample packaging and shipment procedures summarized below will assure that the samples will
arrive at the laboratory with the chain-of-custody intact.

Field procedures are as follows:

(a)

(b)
(c)
(d)

The field sampler is personally responsible for the care and custody of the samples
until they are transferred or properly dispatched. As few people as possible should
handle the samples.

All bottles should be tagged with sample numbers and locations.
Sample tags should be filled out using waterproof ink for each sample.
The Project Manager should review all field activities to determine whether proper

custody procedures were followed during the field work and decide if additional
samples are required.

Transfer of Custody and Shipment Procedures are as follows:

(a)

(b)

Chain-Of-Custody Sop

Samples should be accompanied by a properly completed chain-of-custody form
(Attachment A). The sample numbers and locations will be listed on the chain-of-
custody form. When transferring the possession of samples, the individuals
relinquishing and receiving will sign, date, and note the time on the record. This
record documents transfer of custody of samples from the sampler to another person,
to a mobile laboratory, to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the appropriate
laboratory for analysis with a separate signed custody record enclosed in each sample
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(©)

(d)

box or cooler. Shipping containers will be locked and secured with strapping tape in
at least two locations for shipment to the laboratory. Custody seals will be used for
samples shipped to laboratories. When custody seals are used, two printed,
numbered custody seals will be placed on each cooler and the numbers will also
appear on the chain-of-custody forms, or two signed and dated seals will be placed on
the cooler. Clear tape will be placed over the seals.

Whenever samples are split with a source or government agency, a separate Sample
Receipt is prepared for those samples and marked to indicate with whom the samples
are being split. The person relinquishing the samples to the facility or agency should
request the representative's signature acknowledging sample receipt. If the
representative is unavailable or refuses, this is noted in the "Received By" space.

If the samples are sent by common carrier, a bill of lading should be used. Receipts
of bills of lading will be retained as part of the permanent documentation. If sent by
mail, the package will be registered with return receipt requested. Commercial

Chain-Of-Custody Sop

carriers are not required o sigimoff omthetustody-form-as-long-as-the-custody-forms

are sealed inside the sample cooler. Air bill information will be recorded on chain-
of-custody forms.
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STANDARD OPERATING PROCEDURE

CALIBRATION OF FIELD INSTRUMENTS

Note: Taken from “Standard Operating Procedure Calibration of Field Instruments” (U.S. EPA
January 19, 2010, Revision Number 2).

1.0 SCOPE AND APPLICATION

The purpose of this standard operating procedure (SOP) is to provide a framework for calibrating
field instruments used to measure water quality parameters for groundwater and surface water.
Water quality parameters include temperature, pH, dissolved oxygen, specific conductance,
oxidation/reduction potential [ORP], and turbidity.

This SOP is written for instruments that measure temperature, pH, dissolved oxygen, specific

conductance, turbidity, and/or oxidation/reduction potential [ORP] and the probe readings for
pH, dissolved oxygen, and specific conductance are automatically corrected for temperature.

For groundwater monitoring, the instrument must be equipped with a flow-through-cell.
Turbidity is measured using a separate instrument. It must not be measured in a flow-through-
cell because the flow-through-cell acts as a sediment trap.

2.0 HEALTH AND SAFETY WARNINGS

Read all labels on the standards and note any warnings on the labels. Wear appropriate personal
protection equipment (e.g., gloves, eye shields, etc.) when handling the standards. If necessary,
consult the Material Safety Data Sheets (MSDS) for additional safety information on the
chemicals in the standards.

3.0 GENERAL

All monitoring instruments must be calibrated before they are used to measure environmental
samples. For instrument probes that rely on the temperature sensor (pH, dissolved oxygen,
specific conductance, and oxidation/reduction potential [ORP]), each temperature sensor needs
to be checked for accuracy against a thermometer that is traceable to the National Institute of
Standards and Technology (NIST). Before any instrument is calibrated or used to perform
environmental measurements, the instrument must stabilize (warm-up) according to
manufacturer's instructions and must have no air bubbles lodged between the probe and probe
guard.

Most projects will require at least two standards to bracket the expected measurement range.
This means that one standard is less than the expected value and one is higher. When an
environmental sample measurement falls outside the calibration range, the instrument must be
recalibrated to bracket the new range before continuing measurements. Otherwise, the
measurements that are outside the calibration range will need to be qualified.

The manufacturer's instruction manual (including the instrument specifications) must accompany

the instrument into the field.
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4.0 FREQUENCY OF CALIBRATION

At a minimum, the instrument is calibrated prior to use on the day the measurements are to be
performed. A post calibration check at the end of the day is performed to determine if the
instrument drifted out of calibration. Some projects may require more frequent calibration checks
throughout the day in addition to the check at the end of the day. For these checks, the instrument
can be recalibrated during the day if the instrument drifted out of calibration and only the data
measured prior to the check would need to be qualified. The calibration/post calibration data
information should be recorded in the field notebook and/or on an equipment calibration form.

Instruments (e.g., sonde) that monitor continuously over a period of time are calibrated before
deployment. When these instruments are recovered, the calibration is checked to determine if
any of them drifted out of calibration.

Some-instruments-lose-their-calibration-criteria-when-they-are-turned-off.-Those-instruments_can

either be left on all day (battery dependent) or calibrated at each sampling location. If they are
calibrated at each sampling location, a post calibration check is not needed.

Ideally, the temperature of the standards should be close to the temperature of the ambient water
that is being measured.

5.0 CALIBRATION PROCEDURES

Prior to calibration, all instrument probes and cable connections must be cleaned and the battery
checked according to the manufacturer's instructions. Failure to perform these steps (proper
maintenance) can lead to erratic measurements.

If a multi-probe instrument is to be used, program the instrument to display the parameters to be
measured (e.g., temperature, pH, percent dissolved oxygen, mg/L dissolved oxygen, specific
conductance, and ORP).

The volume of the calibration solutions must be sufficient to cover both the probe and
temperature sensor (see manufacturer's instructions for the volume to be used). Check the
expiration date of the standards. Do not use expired standards. All standards are stored according
to manufacturer instructions.

5.1 TEMPERATURE

Most instrument manuals state there is no calibration of the temperature sensor, but the
temperature sensor must be checked to determine its accuracy. This accuracy check is performed
at least once per year and the accuracy check dat/ information is kept with the instrument. If the
accuracy check date/information is not included with the instrument or the last check was over a

year, the temperature sensor accuracy needs to be checked at the beginning of the sampling
event. If the instrument contains multiple temperature sensors, each sensor must be checked.
This procedure is not normally performed in the field. If the instrument is obtained from a rental
company, the rental company should have performed the calibration check and should include
with the instrument documentation that it was performed.
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Verification Procedure

1.

Fill a container with water and adjust the water temperature to below the water body's
temperature to be measured. Use ice or warm water to adjust the temperature.

Place a thermometer that is traceable to the National Institute of Standards and
Technology (NIST) and the instrument's temperature sensor into the water. Wait for both
temperature readings to stabilize.

Compare the two measurements. The instrument's temperature sensor must agree with the
reference thermometer measurement within the accuracy of the sensor (e.g., £0.2°C). If
the measurements do not agree, the instrument may not be working properly and the
manufacturer needs to be consulted.

Adjust the water temperature to a temperature higher than the water body to be measured.

Compare the two measurements. The instrument's temperature sensor must agree with the
reference thermometer measurement within the accuracy of the sensor (e.g., £ 0.20 C). If
the measurements do not agree, the instrument may not be working properly and the
manufacturer needs to be consulted.

5.2 pH (electro metric)

The pH of a sample is determined electrometrically using a glass electrode. Choose the
appropriate buffered standards that will bracket the expected values at the sampling locations. If
the water body's pH is unknown, then three standards are needed for the calibration: one close to
seven, one at least two pH units below seven, and the other at least two pH units above seven.
Instruments that will not accept three standards will need to be re-calibrated if the water sample's
pH is outside the initial calibration range described by the two standards.

Calibration Procedure

1.

2.

Allow the buffered standards to equilibrate to the ambient temperature.

Fill calibration containers with the buffered standards so each standard will cover the pH
probe and temperature sensor.

Remove probe from its storage container, rinse with deionized water, and remove excess
water.

Select measurement mode. Immerse probe into the initial standard (e.g., pH 7).

Wait until the readings stabilize. If the reading does not change within 30 seconds, select
calibration mode and then select "pH". Enter the buffered standard value into instrument.

Remove probe from the initial standard, rinse with deionized water, and remove excess
water.

Immerse probe into the second standard (e.g., pH 4). Repeat step 5.
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8. Remove probe from the second standard, rinse with deionized water, and remove excess
water. If instrument only accepts two standards, the calibration is complete. Go to step 'II.
Otherwise continue.

9. Immerse probe in third buffered standard (e.g., pH 10) and repeat step 5.

10. Remove probe from the third standard, rinse with deionized water, and remove excess
water.

11. Select measurement mode, if not already selected. To ensure that the initial calibration
standard (e.g., pH 7) has not changed, immerse the probe into the initial standard. Wait
for the readings to stabilize. The reading should read the initial standard value within the
manufacturer's specifications. If not, re-calibrate the instrument. If re-calibration does not
help, the calibration range may be too great. Reduce calibration range by using standards

that-are-closer-together

12. The calibration is complete. Rinse the probe with deionized water and store the probe
according to manufacturer's instructions.

13. Record the calibration information in the field notebook and/or on an equipment
calibration form.

5.3 DISSOLVED OXYGEN

Dissolved oxygen (DO) content in water is measured using a membrane electrode. To insure
proper operation, the DO probe's membrane and electrolyte should be replaced prior to
calibration for the sampling event. The new membrane may need to be conditioned before it is
used; consult manufacturer's manual on how the conditioning is to be performed. Failure to
perform this step may lead to erratic measurements. Before performing the
calibration/measurements, inspect the membrane for air bubbles and nicks.

Note: some manufacturers require an altitude correction instead of a barometric correction. In
that case, enter the altitude correction according to the manufacturer's directions in Step 5 and
then proceed to Step 6.

Note: some instruments have a built-in barometer. Follow the manufacturer's instructions for
entering the barometric value in step 5.
Calibration Procedure
1. Gently dry the temperature sensor and remove any water droplets from the DO probe's
sensor membrane according to manufacturer's instructions. Note that the evaporation of
moisture on the temperature sensor or DO probe may influence the readings during
calibration.

2. Create a 100 percent water-saturated air environment by placing a wet sponge or a wet
paper towel on the bottom of the DO calibration container. Place the DO probe into the
calibration container. The probe is loosely fitted into the calibration container to prevent
the escape of moisture evaporating from the sponge or paper towel while maintaining
ambient pressure (see manufacturer's instructions). Note that the probe and the
temperature sensor must not come in contact with these wet items.
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3. Allow the confined air to become saturated with water vapor (saturation occurs in
approximately 10 to 15 minutes). During this time, turn on the instrument to allow the
DO probe to warm-up. Select the measurement mode. Check the temperature readings.
Readings must stabilize before continuing to the next step.

4. Select calibration mode; then select "DO %".

5. Enter the local barometric pressure (usually in mm of mercury) for the sampling location
into the instrument. This measurement must be determined from an on-site barometer. Do
not use barometric pressure obtained from the local weather services unless the pressure
is corrected for the elevation of the sampling location. [Note: inches of mercury times
25.4 mm/inch equals mm of mercury or consult Oxygen Solubility at Indicated Pressure
chart attached to the SOP for conversion at selected pressures].

6. The instrument should indicate that the calibration is in progress. After calibration, the
instrument should display percent saturated DO.

7. Select measurement mode and set the display to read DO mg/L and temperature.
Compare the DO mg/L reading to the Oxygen Solubility at Indicated Pressure chart
attached to the SOP. The numbers should agree. If they do not agree within the accuracy
of the instrument (usually £+ 0.2 mg/L), repeat calibration. If this does not work, change
the membrane and electrolyte solution.

8. Remove the probe from the container and place it into a 0.0 mglL DO solution (see
footnote). Check temperature readings. They must stabilize before continuing.

9. Wait until the "mg/L DO" readings have stabilized. The instrument should read less than
0.5 mg/L (assuming an accuracy of = 0.2 mg/L). If the instrument reads above 0.5 mg/L
or reads negative, it will be necessary to clean the probe, and change the membrane and
electrolyte solution. If this does not work, try a new 0.0 mg/L. DO solution. If these
changes do not work, contact the manufacturer. Note: some projects and instruments may
have different accuracy requirements. The 0.5 mg/L value may need to be adjusted based
on the accuracy requirements of the project or instrument.

10. After the calibration has been completed, rinse the probe with tap or deionized water and
store the probe according to manufacturer's instructions. It is important that all of the 0.0
mg/L. DO solution be rinsed off the probe so as not to effect the measurement of
environmental samples.

11. Record calibration information in the field notebook and/or on an equipment calibration
form.

Note: You can either purchase the 0.0 mg/L. DO solution from a vendor or prepare the solution
yourself. To prepare a 0.0 mg/L. DO solution, follow the procedure stated in Standard Methods
(Method 4500-0 G). The method basically states to add excess sodium sulfite (until no more
dissolves) and a trace amount of cobalt chloride (read warning on the label before use) to water.
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This solution is prepared prior to the sampling event. Note: this solution can be made without
cobalt chloride, but the probe will take longer to respond to the low DO concentration.

5.4 SPECIFIC CONDUCTANCE

Conductivity is used to measure the ability of an aqueous solution to carry an electrical current.
Specific conductance is the conductivity value corrected to 25°C.

Most instruments are calibrated against a single standard which is near the specific conductance
of the environmental samples. The standard can be either below or above the specific
conductance of the environmental samples. A second standard is used to check the linearity of
the instrument in the range of measurements. When performing specific conductance
measurement on groundwater or surface water and the measurement is outside the initial
calibration range defined by the two standards, the instrument will need to be re-calibrated using
the appropriate standards.

Specific Conductance Calibration Procedure
1. Allow the calibration standards to equilibrate to the ambient temperature.

2. Fill calibration containers with the standards so each standard will cover the probe and
temperature sensor. Remove probe from its storage container, rinse the probe with
deionized water or a small amount of the standard (discard the rinsate), and place the
probe into the standard.

3. Select measurement mode. Wait until the probe temperature stabilizes.

4. Select calibration mode, then specific conductance. Enter the specific conductance
standard. Value. Make sure the units on the standard are the same as the units used by the
instrument. If the units are different, convert the units on the standard to the units used by
the instrument.

5. Select measurement mode. The reading should remain within the manufacturer’s
specifications. If it does not, re-calibrate. If readings continue to change after re-
calibration, consult the manufacturer’s instruction manual or replace the calibration
solution.

6. Remove probe from the standard, rinse the probe with deionized water or a small amount
of the second standard (discard the rinsate), and place the probe into the second standard.
The second standard will serve to verify the linearity of the instrument. Read the specific
conductance value from the instrument and compare the value to the specific conductance
on the standard. The two values should agree within the specifications of the instrument.
If they do not agree, re-calibrate. If readings do not compare, then the second standard
may be outside the linear range of the instrument. Use a standard that is closer to the first
standard and repeat the verification. If values still do not compare, try cleaning the probe
or consult the manufacturer.

7. After the calibration has been completed, rinse the probe with deionized water and store
the probe according to manufacturer's instructions.
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3.

Record the calibration information in the field notebook and/or on an equipment
calibration form.

Note: for projects where specific conductance is not a critical measurement it may be possible to
calibrate with one standard in the range of the expected measurement.

5.5 OXIDATIONIREDUCTION POTENTIAL (ORP)

The oxidation/reduction potential is the electrometric difference measured in a solution between
an inert indicator electrode and a suitable reference electrode. The electrometric difference is
measured in millivolts and is temperature dependent.

Calibration or Verification Procedure

1.

Allow the calibration standard (a Zobell solution: read the warning on the label before

use)toequilibrate-to-ambient-temperatures:

Remove the probe from its storage container and place it into the standard.
Select measurement mode.

Wait for the probe temperature to stabilize, and then read the temperature.

If the instrument is to be calibrated, do Steps 6 and 7. If the instrument calibration is to be
verified, then go to Step 8.

Look up the millivolt (mv) value at this temperature from the millivolt versus
temperature correction table usually found on the standard bottle or on the standard
instruction sheet. You may need to interpolate millivolt value between temperatures.
Select "calibration mode", then "ORP". Enter the temperature-corrected ORP value into
the instrument.

Select measurement mode. The readings should remain unchanged within manufacturer's
specifications. If they change, re-calibrate. If readings continue to change after re-
calibration, try a new Zobell solution or consult the manufacturer. Go to Step 9.

If the instrument instruction manual states that the instrument is factory calibrated, then
verify the factory calibration against the Zobell solution. If they do not agree within the
specifications of the instrument, try a new Zobell solution. If it does not agree, the
instrument will need to be re-calibrated by the manufacturer.

After the calibration has been completed, rinse the probe with deionized water and store
the probe according to manufacturer's instructions.

10. Record the calibration information in the field notebook and/or an equipment calibration

form.
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5.6 TURBIDITY

The turbidity method is based upon a comparison of intensity of light scattered by a sample
under defined conditions with the intensity of light scattered by a standard reference suspension.
A turbidity meter is a nephelometer with a visible light source for illuminating the sample and
one or more photo-electric detectors placed ninety degrees to the path of the light source. Note:
the below calibration procedure is for a turbidimeter which the sample is placed into a cuvette.

Some instruments will only accept one standard. For those instruments, the second, third, etc.,
standards will serve as check points.

Calibration Procedures
1. Allow the calibration standards to equilibrate at the ambient temperature. The use of
commercially available polymer primary standards (AMCO-AEPA-l) is preferred;
however, the standards can be prepared using Formazin (read the warning on the label

before use) according to the EPA analytical-Method-180:1-Otherstandards-may-be-used

if they can be shown that they are equivalent to the previously mentioned standards.

2. If the standard cuvette is not sealed, rinse a cuvette with deionized water. Shake the
cuvette to remove as much water as possible. Do not wipe dry the inside of the cuvette
because lint from the wipe may remain in the cuvette. Add the standard to the cuvette.

3. Before performing the calibration procedure, make sure the cuvettes are not scratched
and the outside surfaces are dry and free from fingerprints and dust. If the cuvette is
scratched or dirty, discard or clean the cuvette respectively. Note: some manufacturers
require the cuvette to be orientated in the instrument in a particular direction for accurate
reading.

4. Select a low value standard such as a zero or 0.02 NTU and calibrate according to
manufacturer's instructions. Note: a zero standard (approximately 0 NTU) can be
prepared by passing distilled water through a 0.45 micron pore size membrane filter,

5. Select a high standard and calibrate according to manufacturer's instructions or verify the
calibration if instrument will not accept a second standard. In verifying, the instrument
should read the standard value to within the specifications of the instrument. If the
instrument has range of scales, check each range that will be used during the sampling
event with a standard that falls within that range.

6. Record the calibration information in the field notebook and/or on an equipment
calibration form.

6.0 POST CALIBRATION CHECK

After the initial calibration is performed, the instrument's calibration may drift during the
measurement period. As a result, you need to detennine the amount of drift that occurred after
collecting the measurements. This is performed by placing the instrument in measurement mode
(not calibration mode) and placing the probe in one or more of the standards used during the
initial calibration; for turbidity place the standard in a cuvette and then into the turbidimeter.
Wait for the instrument to stabilize and record the measurement in the field notebook and/or on a
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field water quality form. Compare the measurement value to the initial calibration value. This
difference in value is then compared to the drift criteria or post calibration criteria described in
the quality assurance project plan or the sampling and analysis plan for the project. If the check
value is outside the criteria, then the measurement data will need to be qualified.

For the dissolved oxygen calibration check, follow the calibration instructions steps one through
three while the instrument is in measurement mode. Record dissolved oxygen value (mg/L),
temperature, and barometric pressure. Compare the measurement value to the Oxygen Solubility
at Indicated Pressure chart attached to this SOP. The value should be within the criteria specified
for the project. If measurement value drifted outside the criteria, the data will need to be
qualified.

If the quality assurance project plan or the sampling and analysis plan do not list the drift criteria
or the post-calibration criteria, use the criteria below.

Measurement— ——Post CalibratiomrCriteria
Dissolved Oxygen + 0.5 mg/L of sat. value*
< 0.5 mg/L for the 0 mg/L solution, but not a negative value

Specific Conductance +5% of standard or = 10 uS/cm (whichever is greater)
pH + 0.3 pH unit with pH 7 buffer*

Turbidity + 5% of standard

ORP + 10 mv*

Note: * Table 8.1, USEPA Region 1 YSI6-Series Sondes and Data Logger SOP, January 30,
2007, revision 9.

7.0 DATA MANAGEMENT AND RECORDS MANAGEMENT

All calibration records must be documented in the project's field notebook or on an equipment
calibration form. At a minimum, include the instrument manufacturer, model number, instrument
identification number (when more than one instrument of the same model is used), the standards
used to calibrate the instruments (including source), the calibration date, the instrument readings,
the post calibration check, and the name of the person(s) who performed the calibration.
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Oxygen Solubility at Indicated Pressure

Pressure (Hg)
Temp. 760 755 750 745 740 735 730 | mm
°C 29.92 | 29.72 | 29.53 | 29.33 } 29.13 | 28.94 | 28.74 | in
0] 1457|1447 {1438 | 14,28 | 14.18 | 14.09 | 13.99 | mg/L
1| 14.17 § 14.08 | 13.98 | 13.89 | 13.79 | 13.70 | 13.61 | mg/L
2] 13.79 | 13.70 | 13.61 { 13.52 { 13.42 } 13.33 | 13.24 | mg/L
3]13.43]13.34 | 13.25 {13.16 ] 13.07 | 12.98 | 12.90 | mg/L
4113.08 1299|1291 | 12.82 | 12,73 | 12.65 | 12.56 | mg/L
511274 | 12,66 | 12,57 | 12.49 | 12,40 | 12.32 | 12.23 | mg/L
61242 | 12,34 | 12,26 | 12.17 | 12,09 { 12.01 | 11.93 | mg/L
71 12.11 { 12,03 | 11.95 | 11.87 | 11,79 { 11.71 | 11.63 | mg/L
8 11.81 | 11.73 | 11.65| 11,57 | 11.50 | 11.42 | 11.34 | mg/L.
911,53 | 11.45 ]| 11.38 | 11.30 | 11.22 | 11.15 | 11.07 | mg/L
10 ] 11.28 | 11.19 | 11.11 [ 11.04 | 10.96 | 10.89 | 10.81 | mg/L
111 10.99 | 10.92 | 10.84 | 10.77 | 10.70 ! 10.62 | 10.55 | mg/L
12-1-1094-1-10.674-10.60-{-10,53-1.10.45_| 1038 | 1031 | mg/L |
131 10.50 | 10.43 { 10.36 | 10.29 | 10.22 | 10.15 | 10.08 | mg/L
141 10.27 | 10.20 | 10.13 | 10.06 { 10.00 | 993 | 9.86 | mg/L
15]10.05| 998 992{ 985 978 9.71 | 9.65 | mg/L
16| 983 | 976 9.70{ 963 | 957 | 950 | 9.43 | mg/L
17 9.63 | 957 950 944 937 | 931 | 924 | mg/L
18 9.43 | 937 930 924| 918 9.11 | 9.05| mg/L
19| 924 918 9.12 | 9.05} 899} 893 | 8.87 | mg/L
201 9.06| 900| 894 | 888 882 | 875( 8.69| mg/L
21 8881 882| 876| 870 | 864 858 852 ) mg/L
22| 871 | 865| 859 853 | 847 | 842 | 836 | mg/L
23| 855 849 | 843 ] 838| 832 826 | 820 | mg/lL
24| 839 833] 828 822 816} 811 | 8.05| mg/L
25| 8.24| 8.18) 8.13 | 8.07| 8.02| 796 | 7.90 | mg/L.
26| 809| 803| 798| 7.92| 787 781 7.76 | mg/L
27| 7.95| 7.90| 7.84} 7.79| 7.73| 7.68 | 7.62 | mg/L
28| 781 7.76 | 7.70 | 7.65| 7.60| 7.54| 7.49 | mg/L
29| 7.681 7.63| 757 752 747 | 742 | 736 | mg/L
30{ 7.55( 7.50| 745 7394 734| 729 7.24 | mg/L
31 742 737 732 727 7.22| 7.16| 7.11 | mg/L
321 730 7.25¢ 7.20| 7.15] 7.10] 7.05| 7.00 | mg/L
33| 7.08]| 7.13| 7.08| 7.03| 698} 693 | 6.88 | mg/L
341 7.07| 7.02| 697} 692 687 | 682 | 6.78 | mg/L
35| 695 6.90| 685| 680] 6.76| 6.71 | 6.66 | mg/L
36| 684 6.79| 6.76 | 6.70 | 6.65] 6.60 | 6.55 | mg/L
371 673 | 6.68] 6.64] 659 | 654 | 649 6.45 | mg/L
38| 6.63| 658] 654] 649} 644 ] 640 6.35| mg/L
39| 652 647] 643 | 638| 635] 629 | 6.24 | mg/L
401 642] 637] 6331 628| 6241 6.19 | 6.15| mg/L
411 632 627 623] 6.181 6.14 6.09 | 6.05 | mg/LL
42| 622 6.18) 6.13 ]| 6.09| 6041 6.00 | 595 | mg/L
43 ] 6.13| 6.09| 604 | 600} 595| 591 | 587 | mg/L
441 6.03] 599| 594 | 590| 586 5.81 | 577 | mg/L
45| 594 | 590| 585| 58141 577 572 5.68 | mg/L
Source: Draft EPA Handbook of Methods for Acid Deposition Studies, Field Operations for Surface

Water Chemistry, EPA/600/4-89/020, August 1989.
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Oxygen Solubility at Indicated Pressure (continued)
Pressure (Hg)

Temp. 725 720 715 710 | 7051 700 [ 695 690 | mm
°C 28.54 | 28.35 | 28.15 { 27.95| 27.76 | 27.6 | 27.36 | 27.17 | in
01389 13.8| 13.7}13.61}13.51 ] 13.4}13.32 | 13.22 | mg/L
1]13.5111342]13.33}13.23 | 13.14 1311295 | 12.86 | mg/L.
21 13.15]13.06 | 12.07 | 12.88 | 12.79 | 12.7 | 12.6 | 12.51 | mg/L
3112811272 ] 12.63 | 12.54 | 1245|124 ] 12.27 | 12.18 | mg/L
4112471239 12312211213 12 § 11.95 | 11.87 | mg/L
5(12.15] 12,06 | 11.98 | 11.89 | 11.81 | 11.7 | 11.64 | 11.56 | mg/L.
611184 | 11.73 [ 11.68 | 11.6 [ 11.51 | 11.4 | 11.35| 11.27 | mg/L.
7111.55411.47 | 11.39 | 11.31 | 11.22 | 11.1 | 11.06 | 10.98 | mg/L
8§ [1126411.18 | 11.1]11.02 1095|109 [ 10.79 | 10.71 | mg/L
911099 |1092{10.84 | 10.76 | 10.69 [ 10.6 | 10.53 | 10.46 | mg/L
10 | 10.74 | 10.66 | 10.59 | 10.51 | 10.44 | 10.4 | 10.29 | 10.21 | mg/L
11--10.48-] 10.4_| 1033/ 10.28 ].10.18_| 10.1_] 10.04 | 9.96 | mg/L_
12 1 10.24 ] 10.17 { 10.1 }110.02} 9951988 ] 9.81 | 9.46 | mg/L
13110.01 | 994 | 9.87 981 9731966 9.59{ 9.52 | mg/L
14] 979} 972 9.65| 968} 9511945| 938 931 | mg/L
15| 958 951 | 944 958 931[924 9.18| 9.11 | mg/L
16 | 937 93] 924} 917 9.11 904 897 891 | mg/L
17| 9.18] 911} 9.05| 898 | 892|885 879 8.73 [ mg/L
18] 899 | 892 | 8.86 88| 8731867 861 8.54| mg/L
19| 881} 874 868 | 862 | 856|849 | 843 | 8.37 | mg/L
20| 863 | 857| 851 845} 8391833 827| 821 | mglL
21| 8.46 84| 834 | 828 8228.16 8.1 ]| 804 | mg/L
22 83| 824 8.18| 8.12| 8.06 8] 7951 7.89 | mg/L
231 815| 809 803] 797| 791|786 7.8 7.74 | mg/L
241 799 794 788 782 776{7.71| 7.65| 7.59 | mg/L
251 7851 7.79| 7.74| 7.68 7.6 1757 751 ] 7.46 | mg/L
26 77 7.65| 7.59| 7.54| 7481743 | 737 7.32 |mg/L
27| 7.57) 752 746 | 741 735| 73| 725 7.19 | mg/L
28| 7.44| 7.38| 7331 728 722|717 7.12{ 7.06 | mg/L
29| 7311 7.264f 7211 7.15 7.1 7.05 71 694 | mg/L
30| 7194 7.4 7.081 7.03] 6983693 688 6.82 | mg/L
31 7.06] 701} 696 691 | 686 |6.81| 6.76 6.7 | mg/L
32| 6.95 69| 685 6.8 67| 67| 6.64{ 6.59 | mg/L
33| 683 678 673 | 6.68] 683|658 | 6.53| 6.48 [ mg/L
34| 673} 6.68) 663 | 658 653|648 | 6.43 | 6.38 | mg/L
35] 6614 656 651 | 647 | 6421637 | 6.36| 627 | mg/L
36| 6511 646 641 636| 6311627} 6.22| 6.17 | mg/L
37 64| 635| 6311 626| 621]16.16| 6.12| 6.07 | mg/L
38 63| 626| 6211 6.16| 6.1216.07| 6.02| 598 | mg/L
391 626 6.15] 6111 606 | 601597 592| 587 mg/lL
40 61| 606| 601| 59 | 5921586 583 | 578 | mg/L
41 61 5961 591 | 587 | 5821578 573 ] 5.69 | mg/L
42| 5911 586 582 577 573 1569| 5.64 5.6 | mg/L
43| 582} 578 573} 5.69| 565| 56| 556]| 5.51 | mg/lL
44| 572 568 564 | 559| 555[551 | 546| 5.42 | mg/L
451 5.64| 559 555 5514 547 (542 538 5.34 | mg/L

Source: Draft EPA Handbook of Methods for Acid Deposition Studies, Field Operations for Surface
Water Chemistry, EPA/600/4-89/020, August 1989.
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APPENDIX C
SITE HEALTH AND SAFETY PLAN

TETRA TECH






FORM HSP-3

1.0 GENERAL INFORMATION

Site/Location: Former Wabash Allovs Facility, 9100 South Fifth Avenue, Oak Creek, WI
Project #:_117-2201186 / 117-2201289

Plan Prepared by: Mark A. Manthey Date: June 2, 2009
Hazard Assessment Prepared by: * Mark A. Manthey Date: June 2, 2009
* I certify that I have assessed the type, risk level and severity of hazards for this project

and have selected appropriate personal protective equipment for site personnel.

Plam Updafed by: Mark A. Manthey Date: January 30, 2013
Reviewed by: Date:

Activity(s): _1) Installation and sampling of soil borings.  2) Installation, development, and

sampling of water table monitor wells and piezometers.

Dates of work: Dates of work have not been set.

GeoTrans, Inc. personnel: Signature
Mark Manthey* **
Todd Thomson**

Karl Schultz**

Ashley Weimer**

* Safety coordinator/emergency coordinator

ok Designated First-Aid provider

Contractor Personnel:

1. On-Site Environmental Services, Inc. for installation and sampling of Geoprobe direct-
push soil borings. Personnel to be determined.

2. Boart Longyear for drilling and installation of monitor wells and piezometers. Personnel
to be determined.
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Both subcontractors listed above have Master Services Agreement with Tetra Tech.

Description of Site: (include map if possible)

Closed former Wabash Alloys secondary aluminum smelting facility. The site occupies

approximately 21 acres of land. Approximately 12 acres of the west side of the property is

developed and includes the former smelting facility structures, parking lot, and paved driveways.

The remaining eastern portion of the property contains no_structures except for remaining

segments of railroad spurs. The property contained a coal tar distillation facility from 1917

through 1968. The structures related-to-the-coal-tar-distillation-plant-were Temoved prior 1o the

construction of the aluminum smelting facility on the property in 1968. The area of the property

being investigated is located in the south driveway of the former Wabash Alloys facility and is

shown on the attached Site Layout figure. A tar seep consisting of two small pools of tar (1 to 2

feet in diameter) was found in the investigation area during a 2006 investigation of the property.

Types of hazardous material:

Coal tar and soil and groundwater potentially impacted with coal tar constituents consisting of

petroleum volatile organic compounds (PVOCs) and polynuclear aromatic hydrocarbons (PAHs).

Major safety/health hazards/risks: (contamination, equipment, fire etc.)

Direct contact with free coal tar or soil and groundwater impacted with coal tar constituents

(PVOCs and PAHs) when collecting soil samples and when developing and sampling monitor

wells. Inhalation of coal tar fumes. Hazards associated with working around a drill rig. Potential

biological hazards (insects. covotes) when doing work in the undeveloped area on the east side of

the property. Trip and fall hazards and potential lead-based paint and asbestos-containing-

material (ACM) hazards when doing work inside the vacant buildings.
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2.0 SAFETY PLAN

Protective Equipment/Instruments (specify type, as necessary)

Hard hat: X (when working around drill rig) Boots: X (steal toed when working

around drill rig). Glasses (type):_Safety Coveralls (type):
Respirator: First aid kit:__ X (in vehicle) Gloves:_Disposable Nitrile
PID: X CGL Hearing Protection: X (when working around drill rig)

Safety Equipment Levels/Upgrades:_ Modified Level D. Hard hat, hearing protection, safety

glasses, disposal_nitrile_gloves—and-steal-toed-boots—whenworkingarourndthe dfill Tig. Salety

olasses and disposable nitrile gloves when collecting soil samples and developing and sampling

monitor wells.

Monitoring Requirements:_The work area breathing space should be monitored with a

photoionizatin detector (PID) during the drilling of the soil borings and monitor wells at least

once per hour. The PID measurements of the work area breathing space should be recorded on

Tetra Tech field PID data sheets. If a work area breathing space PID reading is above 5

instrument units (IUs) above background PID readings, work will be stopped until PID readings

decrease to a level where work can resume.

Decontamination/Work Zone Requirements:_Work zones are at the soil borings and monitor

wells being sampled. If possible, potential trip and fall hazards should be removed from the work

zones. Diggers Hotline should be contacted at least four business days prior to the start of soil

boring and monitor well drilling activities to clear the work area of potential buried utilities. A

level area close to the work zone should be selected for the cleaning of the drill rods during the

drilling of the monitor wells. Decontamination of the other drilling and sampling equipment

should be done at the soil borings and monitor wells. All waste products generated during the site

investigation activities should be contained. Soil cuttings and groundwater will be contained on-

site pending determination of appropriate disposal options for the media. The vessels containing

the soil and groundwater should be appropriately labeled with the well/borehole identification,

date(s), and type of media (soil or groundwater) contained in the vessel. Other waste (disposable
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gloves, used soil core liners, used canning jars, foil, etc.) generated during the site investigation

should be placed in garbage bags and taken off-site for proper disposal.

3.0 EMERGENCY PLANNING

Emergency Phone Numbers

Hospital/Emergency Clinic:
St. Lukes Oak Creek Medical Clinic: 414-510-4330

Address331-E-Puetz Road; Oak Creek, W1

Fire Department and EMS: 911; Non-Emergency: 414-570-5630

Police: 911; Non-Emergency: 414-762-8200

Tetra Tech:  262-792-1282

Contractors: On-Site Environmental Services: 608-837-8992
Boart Longyear: 715-355-8516

_Note: Map of route to hospital must be attached.

40 ATTACHMENTS

__ X  Site Maps _ X Heat Stress
__X__ Route to Hospital _X__ Cold Stress
__X__ Site Safety Plan Acknowledgment Form __X Biohazards
__ X General Safe Work Practices _ X _MSDS

X _ Drill Rig Safety Procedures
Level C & D Modified Decon Procedures























































































KOPPERS CO INC -- COAL TAR CREOSOTE-PRESS/NON-PRESS/GEN.APPLI -- 6840-00-257-2482

=== == Product Identification =====

Product ID:COAL TAR CREOSOTE-PRESS/NON-PRESS/GEN.APPLI
MSDS Date:08/01/1989

FSC:6840

NIIN:00-257-2482

MSDS Number: BJPKL

=== Responsible Party ===

Company Name:KOPPERS CO INC
Address:3000 KOPPERS BLDG
City:PITTSBURGH

State:PA

ZIP:15219-1818

Country:US

Info Phone Num:412-227-2884
Emergency Phone Num:800-553-5631
CAGE:80592

=== Contractor Identification ===

Company Name : KOPPERS CO INC
Address:3000 KOPPERS BLDG
Box:City:PITTSBURGH
State:PA

Z2IP:15219-1818

Country:US

CAGE:80592

============= Composition/Information on Ingredients =============

Ingred Name:CREOSOTE (SARA III)
CAS:8001-58-9

RTECS #:GF8615000

Other REC Limits:NONE SPECIFIED
EPA Rpt QOty:1 LB

DOT Rpt Oty:1 LB

Ingred Name:INDENE

CAS:95-13-6

RTECS #:NK8225000

Fraction by Wt: <10%

Other REC Limits:NONE SPECIFIED
OSHA PEL:10 PPM

ACGIH TLV:10 PPM; 9192

Ingred Name:NAPHTHALENE (SARA III)
CAS:91-20-3

RTECS #:0J0525000

Fraction by Wt: <15%

Other REC Limits:NONE SPECIFIED
OSHA PEL:10 PPM/15 STEL

ACGIH TLV:10 PPM/15 STEL; 9192

EPA Rpt Qty:100 LBS

DOT Rpt Qty:100 LBS

Ingred Name:DIPHENYL (BIPHENYL) (SARA III)
CAS:92-52-4

RTECS #:DU8050000

Fraction by Wt: <5%

Other REC Limits:NONE SPECIFIED

OSHA PEL:0.2 PPM

ACGIH TLV:0.2 PPM; 9192

EPA Rpt Qty:1 LB



DOT Rpt Qty:1 LB

Ingred Name:BENZENE (SARA IIT)

CAS:

71-43-2

RTECS #:CY1400000

Fraction by Wt: <1%

Other REC Limits:NONE SPECIFIED
OSHA PEL:1PPM/5STEL;1910.1028
ACGIH TLV:10 PPM; AZ; 9192

EPA Rpt Qty:10 LBS

DOT

Rpt Qty:10 LBS

Ingred Name:ALKYL NAPHTHALENE
Fraction by Wt: <10%
Other REC Limits:NONE SPECIFIED

S========s======= Hazards Identification ==s========= =

LD50 LC50 Mixture:LD50 (ORAL RAT) IS 1,700 MG/KG

Routes of Entry: Inhalation:YES Skin:YES Ingestion:NO
——Reports—of—LarcinogenicitysNTP:YES— TARG:YES OSHA-+-YES

Health Hazards Acute and Chronic:ACUTE-EYE:MAY CAUSE MODERATE

IRRITATION.SKIN:CAN RESULT IN SEVERE IRRITATION WHICH WHEN
ACCENTUATED BY SUNLIGHT MAY RESULT IN PHOTOTOXIC SKIN
REACTION.INHALATION:IRRITATION, CNS EFFECTS, SUCH AS HEADACH
E,DIZZINESS, COMA AND POSSIBLE

DEATH.INGESTION: IRRITATION, NAUSEA, VOMITING & ABDOMINAL
PAIN.CHRONIC-MAY CAUSE CANCER.

Explanation of Carcinogenicity:BENZENE. IARC LISTS CREOSOTE AS A

POSSIBLE CARCINOGENIC AGENT TO HUMAN,

Effects of Overexposure:WARNING! MAY CAUSE CANCER. MAY BE FATAL IF

SWALLOWED. HARMFUL TO THE SKIN OR IF INHALED. CAUSES EYE AND SKIN
IRRITATION.

Medical Cond Aggravated by Exposure:PERSONS WITH PRE-EXISTING DISEASE

IN OR A HISTORY OF AILMENTS INVOLVING THE SKIN OR BLOOD-FORMING
ORGANS MAY BE AT A GREATER RISK OF DEVELOPING ADVERSE HEALTH
EFFECTS WHEN EXPOSED TO THIS MATERIAL.

m=====m== First Aid Measures ===m=s=======s===—==m=m== =

First Aid:SEEK MEDICAL AID.EYE:FLUSH WITH WATER FOR 15

MINUTES.SKIN:WIPE MATERIAL OFF.WASH THOROUGHLY WITH SOAP &
WATER/WATERLESS HAND CLEANER.INHALATION:REMOVE TO FRESH AIR.GIVE
CPR/OXYGEN IF NEEDED.INGESTION: GIVE 1-2 GLASSES OF WATER/MILK IF
CONSCIOUS.INDUCE VOMITING USING IPECAC SYRUP.THEN,GIVE A SLURRY OF
100 G OF ACTIVATED CHARCOAL IN 8 0OZ OF WATER.

=== Fire Fighting Measures ===== == =

Flash Point Method:CC
Flash Point:>200F,>93C
Extinguishing Media:USE WATER FOG, CARBON DIOXIDE, FOAM, OR DRY

CHEMICAL., WATER OR FOAM MAY CAUSE FROTHING, IF MOLTEN.

Fire Fighting Procedures:WEAR COMPLETE FIRE SERVICE PROTECTIVE

EQUIPMENT, INCLUDING FULL-FACE MSHA/NIOSH APPROVED SELF-CONTAINED
BREATHING APPARATUS.USE WATER TO COOL CONTAINERS BY FIRE.

Unusual Fire/Explosion Hazard:TOXIC VAPORS/DECOMPOSITION PRODUCTS MAY

BE RELEASED FORMING FLAMMABLE/EXPLOSIVE MIXTURES IN AIR. CLOSED
CONTAINERS MAY EXPLODE WHEN EXPOSED TO EXTREME HEAT.

== Accidental Release Measures ===

Spill Release Procedures:STOP LEAK IF NO RISK INVOLVED.STAY



UPWIND.SOLIDIFIED SPILL:SHOVEL INTO DRY CONTAINERS AND COVER.FLUSH
AREA WITH WATER.SMALL WET SPILL:TAKE UP WITH SAND.FLUSH AREA WITH
WATER.DIKE LARGE SPILLS FOR LATE R DISPOSAL.CONTAIN RUNOFF FROM
FIRE CONTROL.

= Handling and Storage

Handling and Storage Precautions:STORE IN COOL,DRY AND WELL VENTILATED
AREA.KEEP CONTAINER CLOSED WHEN NOT IN USE.

Other Precautions:AVOID PROLONGED/REPEATED BREATHING OF
VAPORS,MISTS/FUMES.AVOID PROLONGED/REPEATED CONTACT WITH
SKIN/EYES.APPLICATION OF CERTAIN PROTECTIVE CREAMS (SUN SCREENS FOR
COAL TAR PRODUCTS) BEFORE WORKING/SEV ERAL TIMES DURING WORK MAY BE
BENEFICIAL

=============  Exposure Controls/Personal Protection ==

Respiratory Protection:NONE NORMALLY REQUIRED.IF EXPOSURES ARE NOT
BELOW TLV(PEL),USE NIOSH/MSHA APPROVED UNITS AS PER CURRENT 29 CFR
1910.134 AND MANUFACTURERS' "INSTRUCTIONS" AND

— "WARNINGS".COMBINATION FILTER/ORGANIC VAPQ_R-CARTRIDGES-OR-CANISTER

MAY BE USED.

Ventilation:PROVIDE SUFFICIENT GENERAL/LOCAL EXHAUST VENTILATION IN
PATTERN/VOLUME TO CONTROL INHALATION EXPOSURE < EXPOSURE LIMITS.

Protective Gloves:IMPERVIOUS

Eye Protection:SAFETY GLASSES/GOGGLES

Other Protective Equipment:IMPERVIOUS PROTECTIVE GARMENTS SUCH AS
HEAD/NECK COVER, APRONS, JACKETS, PANTS, BOOTS,ETC.EYE-WASH
FACILITIES, SAFETY SHOWER.

Work Hygienic Practices:AVOID CONTACT WITH EYES AND SKIN;DO NOT BREATHE
VAPORS/MIST.WASH THOROUGHLY AFTER EACH USE.

Supplemental Safety and Health

DO NOT USE UNTIL MANUFACTURER'S PRECAUTIONS HAVE BEEN READ &
UNDERSTOOD. WASH EXPOSED AREAS PROMPTLY AND THOROUGHLY AFTER SKIN
CONTACT FROM WORKING WITH THIS PRODUCT AND BEFORE EATING, DRINKING
OR USIN G REST ROOMS.DO NOT WEAR CONTACT LENS WITHOUT PROPER EYE
PROTECTION WHEN USING THIS PRODUCT.

—————————— Physical/Chemical Properties ====== ===

HCC:T2

Boiling Pt:B.P. Text:>355

Vapor Pres:1 @ 30C

Vapor Density:>1

Spec Gravity:1.050

Evaporation Rate & Reference:SLOW (N-BUTYL ACETATE=1)

Solubility in Water:SLIGHT

Appearance and Odor:BROWN TO BLACK LIQUID WITH CREOSOTE OR TARRY ODOR

================= Stability and Reactivity Data ==

Stability Indicator/Materials to Avoid:YES

NONE KNOWN

Stability Condition to Avoid:HIGH TEMPERATURES AND OPEN FLAMES
Hazardous Decomposition Products:0XIDES OF CARBON

====n= Disposal Considerations ==== ==

Waste Disposal Methods:CONSULT LOCAL AUTHORITIES;DISPOSAL MUST BE IN
ACCORDANCE WITH LOCAL, STATE AND FEDERAL REGULATIONS. THIS PRODUCT
RELEASED INTO THE ENVIRONMENT MUST BE REPORTED TO THE NATIONAL
RESPONSE CENTER (800-424- 8802) .WHEN SPILLED, REPORTABLE QUANTITY IS
1 LB.



Disclaimer (provided with this information by the compiling agencies):
This information is formulated for use by elements of the Department
of Defense. The United States of America in no manner whatsoever,
expressly or implied, warrants this information to be accurate and
disclaims all liability for its use. Any person utilizing this
document should seek competent professional advice to verify and
assume responsibility for the suitability of this information to their
particular situation.






