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I. MONITORING OBJECTIVES

The Ecological and Water Resources Assessment Project (EWRAP) includes several technical studies to
support science-based policy analysis and development. The focus of this study is to assess dissolved
oxygen (DO) regimes within selected Missouri ecoregions. Information obtained from this study will
provide technical information which may assist regulatory agencies in refining regulatory standards on an
ecoregional basis for selected watercourse types.

Segments of Little Drywood Creek (Osage Plains), Heaths Creek (Central Plains) and East Fork Crooked
River (Central Plains) are identified as least-disturbed reference streams (Carnahan, 2005, Sarver et al.
2002, Rabeni et al 1997). Monitoring efforts will be conducted to determine warm-weather DO
concentrations, assess effects of stream discharge, and measure DO sources and sinks.

Environmental Resources Coalition 1
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Il. ASSESSMENT AND ANALYSIS TEAM

The assessment and analysis team consists of a project manager, field manager, QA/QC manager, data
analysis lead, and sampling crews. Responsibilities of each position are listed in Table 2.1.

Table 2.1.

Key Project Personnel Responsibilities

Role Personnel Responsibilities
Bob Bacon
. . ERC Coordination of Project Resources
Project Directors Proiect Facilitati
Trent Stober roject Facilitation
MECWR
_ Chris Zell Implt_amentatlon of the Sampling Plan
Project Manager Quality Assurance
MECWR : o
Technical Coordination
Nick Muenks Development of Field Itineraries
MECWR,

Field Manager

Bob Bacon ERC, and
Randy Niemeyer,

Coordinate Sampling Events
Mobilize Field Crews
Management of Field Staff and Equipment

MDNR
Steve Walker Collection of field logs, lab results and other
Project QA/QC Manager MECWR program documentation
Circulation of reports results
Nick Muenks, .
Data Management John Christiansen, Datak:/alldatlor(;. .
MECWR Database Coordination
Chris Zell,

Data Analysis

David Carani, and John
Christiansen MECWR

Data Analysis
Report Development

Renee Martin

AES, Field Investigations
Field Technical Crew Bob Baclf)n and Abby Sampling Documentation
E;éncn Field Quality Assurance
and Lynn Millburg
MDNR
Peer Review Hans Holmberg Peer Review of Data Analysis
LTI Peer Review of Project Conclusions
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Ill. DATA QUALITY OBJECTIVES

DQOs are qualitative and guantitative statements developed by data users to specify the quality of data
from field and laboratory data collection activities to support specific decisions or regulatory actions. The
DQOs describe what data are needed, why the data are needed, and how the data will be used to address
the problem being investigated. DQOs also establish numeric limits for the data to allow the data user (or
reviewers) to determine whether data collected are of sufficient quality for use in their intended
application.

Dissolved oxygen concentrations of interest for this project are 5.0 mg/L and 3.0 mg/L. Currently
Missouri’s DO water quality criteria for protection of aquatic life is 5.0 mg/L. Data collected as part of
this project will allow MDNR to characterize the prevalence of DO conditions less than 5.0 mg/L during
summer conditions within study reaches. The National Water Quality Criteria Document for Dissolved
Oxygen (Chapman 1986) indicates that DO concentrations below 3.0 mg/L are potentially lethal for
several warm-water biota. Continuous data collected as part of this project will allow decision makers to
assess exposure to DO concentrations less than 3.0 mg/L during summer conditions within study reaches.

Nutrient and chlorophyll-a levels of interest are dictated by draft nutrient criteria developed for
EcoRegion IX “Southeastern Temperate Forested Plains and Hills” (U.S. EPA 2000). MDNR has
requested streams within this region be monitored. Draft nutrient criteria, based on aggregated 25"
percentile data, are outlined below:

Total Phosphorus — 37 ug/L

Total Nitrogen — 0.7 mg/L

Nitrite + Nitrate — 0.13 mg/L
Sestonic Chlorophyll-a - 1.0 ug/L
Periphyton Chlorophyll-a — 20 mg/m?

Following the seven steps of the DQO process described in detail in EPA QA/G-4, Guidance for the Data
Quiality Objectives Process, the following quality objectives were developed:

o Data must be of sufficient quality and quantity to characterize dissolved oxygen concentrations
during warm-weather periods;

o Data must be of sufficient quality and quantity to determine the prevalence of DO conditions less
than 5.0 mg/L during summer conditions within study reaches;

o Data must be of sufficient quality and quantity to assess exposure to dissolved oxygen
concentrations less than 3.0 mg/L during summer conditions within study reaches;

o Data must be of sufficient quality and quantity to characterize the influence of flow on dissolved
oxygen regimes;

o Data must be of sufficient quality and quantity to estimate dissolved oxygen mass-balances
during warm-weather baseflows;

o Data must be of sufficient quality and quantity to provide a summer snapshot of trophic state as
compared to draft nutrient criteria for Ecoregion IX; and

Environmental Resources Coalition 3
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B. Monitoring Design and Frequency

1. Continuous Monitoring

Continuous dissolved oxygen, temperature, conductivity, light intensity, photosynthetically active
radiation (PAR), water level and barometric pressure will be collected at reference stream locations for
six weeks between July 1, 2008 and September 30, 2008. Extended deployment sites (HC2, EFCR2, and
LDC2) will remain deployed until the daily minimum DO remains above 5.0 mg/L for a period of four
days or until November 15, 2008 whichever occurs first. These data will be used in the determination of
fall DO recovery patterns in reference streams.

Reference stream continuous monitoring stations will consist of a YSI 6-series multiparameter sonde
capable of collecting dissolved oxygen, temperature and specific conductivity. These parameters will be
logged at 15 minute intervals for the duration of the study. The sondes will be deployed in locations
representing the dominant mesotypes in each of the reference streams. A PVC deployment tube will be
used at each location to protect the sonde from potential damage during high water events. The
deployment tube will be mounted to a post, cage or other semi-permanent structure. The sonde will be
placed at the location in the cross section that represents the mean DO concentration. The procedure for
determination of the mean concentration is provided in MEC’s “PROCEDURES FOR OPERATION,
DEPLOYMENT, AND MAINTENANCE OF YSI 6-SERIES SONDES” included as Appendix B.

Each continuous monitoring location will also have an ONSET light intensity (150 — 1200 nm, 0 — 30,000
lumens ft?) deployed. Light intensity meters will record relative shading data. The light meters will log
data at 15 minute intervals. A light meter will also be deployed in an open field at one site for each
stream. These meters will serve as a reference for those deployed at the monitoring locations. All light
meters will be mounted horizontally to the top of a post. Determination of shading will aid in
determination of light affects on in-stream oxygen production

One station per stream, preferably the furthest downstream site (permanently deployed and where
applicable) in each stream will include a staff gage, a water level logger, and a barometric pressure logger
(baro logger). The staff gage reading will be recorded on the proper datasheet during each station visit.
The level and baro loggers will continuously record pressure data at 15 minute intervals. The water level
loggers will be mounted to a stationary structure upstream of appropriate controls and the staff gage will
serve as a reference point. The baro loggers will be mounted to a structure (tree, fence post etc.) that is
outside of the stream banks and above the flood plain. Staff gage and water level data will be used to
develop a stage/discharge relationship for each reference stream during the deployment period..
Barometric pressure data will be used to address pressure influences on dissolved oxygen concentrations
and correct recorded level for changes in atmospheric pressure.

Photosynthetic Active Radiation (PAR) will be collected at a minimum of one monitoring location among
the study streams. PAR will be used to establish a relationship between phototopic energy collected by
the Onset light intensity meter and the radiometric energy needed by plants to carry out photosynthesis.
The field manager will determine the most suitable location once a brief site survey has been conducted.
The PAR sensor will be mounted level near the DO monitoring location and data will be recorded at 15
minute intervals.

Monitoring stations will be visited weekly during the six week deployment period. Following the six
week deployment the stations will be removed with the exception of the three extended deployment
stations at sites (HC2, EFCR2 and LDC2). Visits to each site will include maintenance, calibration and
downloading of the continuous data sondes. Sonde maintenance and calibration procedures are provided
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in MEC’s “PROCEDURES FOR OPERATION, DEPLOYMENT, AND MAINTENANCE OF YSI 6-
SERIES SONDES” included as Appendix B.

The each of the extended deployment stations (HC2, EFCR2 and LDC2) will have a data sonde equipped
with an optical dissolved oxygen sensor, which is specifically designed for extended deployment even in
highly productive environments. During 2007, ERC and MEC performed a calibration stability study,
which help determine the appropriate interval between a probe servicing events for the extended
deployment period. The results for this study showed that the sonde calibration maintained stability for
over two weeks, Based on the calibration stability data from this study, we recommended and MDNR
concurred that a two week sonde servicing interval was appropriate during the extended deployment .
Therefore, all data sondes will be serviced at a two week interval unless stream conditions (i.e. significant
rain event) occurs after which the site will be visited to inspect station components.

Light intensity, PAR, water level and barometric pressure data will be downloaded during each site visit.
Data will be downloaded to a laptop computer using the instrument manufacturer’s software package.
After downloading the data, they will be reviewed in the field to determine the status of the instrument.
These data will be stored in the appropriate site location file on the laptop until they can be retrieved after
returning to the office.

2. Discrete Sampling

a. Reference Stream Locations

Discrete sampling will be conducted at the designated locations in each stream (detailed in section
V.A.1). Sampling will consist of water chemistry samples, benthic algae samples, pH measurements
and staff gage readings. Personnel will collect discrete samples during each site visit for the six week
deployment period. Discrete sampling will not be conducted during the extended deployment period with
the exception of a staff gage and flow reading.

Water chemistry grab samples will be obtained by lowering the sample container to one-third of the
stream depth at the centroid of the stream flow. This methodology is acceptable since most sampling
locations will be in relatively small streams that are typically well mixed. Grab samples may be obtained
by wading into the stream from downstream of the sampling location. Field staff should be careful not to
suspend sediments while wading. Grab sample containers will be rinsed three times with water obtained
at the sampling location prior to obtaining the sample. A more detailed description of sampling
procedures is provided in Appendix A-1. Collection of pH readings will occur when grab sampling is
conducted and will follow procedures described in “MECWR SOP-007 pH of Water” (Appendix A-4).

Benthic algae sampling will be conducted each visit at the site designated for water quality sample
collection. Benthic chlorophyll-a will be sampled from natural substrates within stream mesotypes
having observable periphyton communities. A minimum of five replicates will be collected within each
mesotype located within an assessment reach that extends ten-times bankfull width upstream and ten-
times bankfull width downstream. Appendix A-3 provides a more detailed description of sampling
procedures that will be used to collect benthic cholorphyll-a. In streams where course substrate is
unavailable woody debris will be sampled for benthic algae. Woody debris will be sampled using the
cylinder scrape method as described in Moulton et. al. (2002).

Open channel flow measurements will be collected when conditions allow. Flow measurements will be
used in developing a stage/flow relationship for each reference stream. Flow measurements will be made
at least once each week at the reference stream locations where water level data will be collected.
Methods used to collect discharge data are documented in “MECWR SOP-012 Flow Measurements”
(Appendix A-5). A staff gage will be deployed at each flow measurement location and will be read
during each site visit. Staff gage data will serve as a reference point for the stage/flow relationship.

Environmental Resources Coalition 14
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b. Tributary Locations

Discrete dissolved oxygen, temperature, specific conductivity and pH will be collected within classified
tributaries to reference segments of the study streams on an opportunistic basis. Discrete measurements
will be collected from each site on three occasions between July 1, 2008 and September 30, 2008.
Measurements will be collected before 9:00 AM the morning of the reference stream visit. Readings will
be taken at road crossings designated in Table 5.2. Collection of the discrete measurements will provide
insight to dissolved oxygen minima occurring within smaller classified waters within reference drainages.

Environmental Resources Coalition 15
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VI. COORDINATION OF SERVICING/SAMPLING EVENTS

The ERC Field Manager will determine the monitoring schedule for the reference streams. The field
manager will contact the Limnology Laboratory at the University of Missouri-Columbia and ES&S
Laboratory managers two days prior to sampling activities. Field personnel will conduct equipment
inspections and calibrations prior to field activities. The field crew will be responsible for collection of
samples and coordination of drop off dates and times with the laboratories. The laboratories will be
responsible for providing the following items and services associated with investigations described in
Section IV:

e Sample containers;

o Sample preservatives other than ice (if needed);

e Laboratory analysis.

ERC personnel will provide sample collection services and complete chain of custody forms for all
sampling activities. Sample collection personnel will coordinate with laboratory personnel for delivery of
samples. Carbonaceous biological oxygen demand samples have a maximum 48-hour holding time
before analysis must be initiated. Therefore, it is recommended that sampling personnel delivery samples
to the lab within forty hours of collection.

VII. DOCUMENTATION OF SERVICING/SAMPLING

Field forms will be used to record sample collection, field measurement and field observation
information. Any information that is deemed relevant to sample collection or analysis should be recorded
on the field forms. The field sheets will contain at a minimum the following information:

Monitoring site identification;

Date;

Time of arrival

Weather conditions

Names of field crew;

Sample Information (date/time, volume, ID#,)
Sonde calibration and QA information
Water quality field measurements;

Stream Discharge measurement information
Field observations.

Time of departure;

Environmental Resources Coalition 16
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VIIl. FIELD MEASUREMENTS AND OBSERVATIONS

Dissolved oxygen, temperature, conductivity, pH, water level and open-channel flow will be measured
using appropriate field instruments concurrent with sample collection at each of the reference stream
sampling locations. Field measurement should be taken in-situ and as near to mid-depth and mid-flow as
possible. Table 8.1 lists the parameters, measurement method, and detection limits of the sampling

equipment.

Table 8.1. Field Measurement Methods

Reference Method

Parameter

Meter

Detection Limits

APHA 4500-0 G

Dissolved Oxygen

YSI Model 85 or
600 XLM
Handheld Meter
(or equivalent)

0.2 mg/L

ASTM D888-05
Method-C

Luminescent Dissolved
Oxygen

YSI ROX Sensor
(or equivalent)

0.1 mg/L

APHA 2550-B

Temperature

YSI Model 85
Handheld Meter
(or equivalent)

05°C

APHA 2510-B

Conductivity

YSI Model 85
Handheld Meter
(or equivalent)

20 uS/cm

APHA 4500-H"-B

pH

Oakton PC10 Portable
Meter or Corning pH 10
Meter

0.1SU

USGS TWRI Manual
Book 3, Chapter A6

Velocity

SonTek Flow Tracker
Acoustic Doppler
Velocitymeter (ADV)
(or equivalent)

+0.001 (0.001 to 4.0 m/s)
Or
+0.003 (0.003 to 13 ft/s)

APHA 4500-0 G
APHA 2550-B

Continuous DO &

YSI Model 600 XLM &
6600 Data Sonde

0.2 mg/L (DO)

Temperature (or equivalent) 0.5°C (Temp.)
Differential Pressure Stream Level YSI Model_ 600 XLM 0.03 feet
Transducer (or equivalent)
APHA -10300B. Periphyton Collection N/A 1 mg Chla/m*

Field instruments will be calibrated before each sample collection event. Upon completion of field
activities, instrumentation will be checked for calibration. Information pertaining to instrument
calibrations and maintenance checks will be recorded on the proper data forms. Information regarding
calibrations will include: date/time, parameter, personnel, equipment type, associated calibration
specifications, and general observations. Field personnel should have redundant field instruments
available in case primary instruments malfunction.

Field measurements will be conducted following the standard operating procedures described in
Appendix A and B. Field instruments will be calibrated before initiating monitoring activities for each
event or at the beginning of each monitoring day. All calibration and maintenance activities will be
documented on appropriate field documentation forms. Sampling crews should record pertinent site
observations such as debris (especially on monitoring equipment) flow, visual and odor characteristics.
These observations will be documented on the proper field sheets. In addition to recording site

Environmental Resources Coalition

17




2008 Sampling Analysis Plan
Assessment of Ecoregional Dissolved Oxygen Regimes

observations, sampling personnel should take pictures of monitoring locations when they deem it
necessary for site descriptions.

IX. SAMPLE COLLECTION, HANDLING AND DELIVERY
This section outlines procedures for sample collection, handling, delivery, and documentation.

A. Sample Collection

Water quality grab samples will be collected at each monitoring site as described in Section VI. Grab
samples will be obtained by lowering the sample container to one-third of the stream depth at the centroid
of the stream flow. This methodology is acceptable since most sampling locations will be in relatively
small streams that are typically well mixed. Grab samples may be obtained by wading into the stream
from downstream of the sampling location. The field staff should be careful to not suspend sediments
while wading. Grab sample containers should be rinsed three times with water obtained at the sampling
location prior to obtaining the sample.

ERC will be responsible for filling the sample containers during collection monitoring site on East Fork
of the Crooked River and Heaths Creek and MDNR will be responsible for filling the sample containers
on Little Drywood Creek. Each field team (ERC and MDNR) will transport the sample containers to the
University of Missouri Limnology Laboratory and ES&S Laboratories. Also each field team (ERC and
MDNR) will complete a chain of custody form developed by MEC accompany each delivery. At a
minimum ten percent of all laboratory analyses will be blind duplicates. One field blank will be collected
during each field day by each of the field steams. Sample volumes, container preservatives and holding
times for are included in Table 9.C.1.

Labels will be prepared by completing the appropriate fields. Samples will then be placed in a cooler and
packed with ice. The field personnel will arrange for transport of the sample containers to the
laboratories. Field team personnel will complete a chain of custody form to accompany each sample
delivery. Sample processing will be completed at the laboratory.

Table 9.1. Recommended Sample Container, Preservative, and Holding Times for Selected

Methods.

Parameter Container® VoISu zmp(lsnu Preservative® H ollzj/lii)g(]"'lr']il:nrgs ©
CBOD-20 PorG 1,000 <4°C 48 Hours
Total Nitrogen PorG 10 <4°C 28 Days
Nitrite + Nitrate PorG 60 <4°C 28 Days
Ammonia Nitrogen PorG 60 <4°C 28 Days
Total Phosphorus PorG 10 <4°C 28 Days
Total Suspended/Volatile Solids PorG 250 freeze with desiccant 30 Days
Sestonic Chlorophyll-a PorG 250 freeze with desiccant 30 Days (Dark)
Benthic Chlorophyll-a PorG 60 freeze with desiccant 30 Days (Dark)

@ @ Polyethylene (P), glass (G).
(b) Sample preservation should be performed immediately upon sample collection. All water quality

processing including sample filtration will occur at the laboratory. Extra raw water for nutrient analysis
will be saved refrigerated or frozen less than the maximum hold time and used in case initial analysis are

inconclusive.

(© Samples will be analyzed as soon as possible after collection.

Environmental Resources Coalition
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The times listed are maximum times that samples may be held before analysis is initiated. Samples may
be held for longer periods of time if the monitoring laboratory has data on file to show that the specific
types of samples under study are stable for the longer time. Some samples may not be stable for the
maximum time period given in the table. The monitoring laboratory is obligated to hold the sample for a
shorter period if knowledge exists to show this is necessary to maintain sample stability.

B. Sample Labeling Requirements
Each sample container will be labeled with the following information in indelible ink:

Project name

Site identification number

Date (m/d/y) of sample collection
Time (24:00) of sample collection
Field personnel name/initials

Type of sample: grab, composite, etc.
Sample preservative, if used
Analysis Type

Sample number

A chain-of-custody (COC) form (Appendix C) will be included with each shipping container identifying,
at a minimum, the following information for each sample in the container:

Unique sample number according to the Sample Identification System
Time and date of sample collection

Name of person collecting sample

Preservative used, and what kind used, if any

Analysis to be performed

Sample matrix and volume

Any special instructions such as turnaround time

QC samples

The COC is signed by the sampling personnel who are responsible for the care and custody of the
sample(s) until they are properly transferred or delivered to laboratory personnel. All samples will be
accompanied by a COC record. When transferring possession, the individuals relinquishing and receiving
the samples will sign, date, and note the time on the COC. The company from which the samples are
relinquished and to which they are delivered, and the reason for transfer, will be noted. This record
documents the transfer of samples from the custody of the sampler to that of another person or laboratory.

E. Quality Assurance/Quality-Control Samples

Quality assurance protocols are a critical component for any monitoring study. Quality
Assurance/Quality control (QA/QC) samples provide critical information about the validity of methods
by which samples are collected and analyzed during a monitoring study. QA/QC samples often include
field blanks as well as field duplicates.

Field blanks will be collected to assess possible contamination during sampling procedures and sample
handling. Blanks will consist of deionized or distilled water and collection will incorporate those
methods used to transfer samples into the proper laboratory containers. One field blank will be collected
for each stream.
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Field duplicates will be used to estimate sampling and laboratory analysis consistency and precision.
Duplicate samples will be collected at the same time and location by filling two bottles with sample. The
duplicate will be placed in coolers with the regular samples. One duplicate sample will be collected for
each stream.

F. Handling and Delivery

Each field team (ERC and MDNR) will be responsible for transportation of sample containers to the
laboratories as described above in Section 1X A. However in the event the filed personnel cannot deliver
samples to the laboratory, shipment may be necessary to meet holding times. Environmental samples will
be packaged and shipped as described below if shipping is used. Samples will be shipped per Department
of Transportation (DOT) and International Air Transportation Association (IATA) guidelines.

All sample containers will be placed in waterproof metal or equivalent plastic ice chests or
coolers only.

After the pertinent information is on the sample label and tag, if required, the tag is secured
around the sample container lid.

Cushioning material is placed in the bottom of the cooler.

The bottles are sealed in clear plastic bags, with labels and tags clearly visible. The enclosed are
placed upright in the cooler so that they do not touch during transit.

Ice bags are placed around, among, and on top of the sample bottles.

The cooler is filled with cushioning material.

Paperwork (the COC) is placed in a waterproof plastic bag and closed.

The cooler drain is taped shut.

The cooler lid is secured with tape by wrapping it around the cooler in at least two places without
covering any labels.

Completed shipping label is attached to the top of the cooler.

If needed, numbered and signed custody seals are affixed on front right and back left of the
cooler. The seals are covered with wide, clear tape.

Samples will be express-shipped (overnight) to the laboratory under COC protocols previously
discussed.

Environmental Resources Coalition 20
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Appendix A

Standard Operating Procedures —Field Investigations
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Appendix A-1. Surface Water Sampling

1 Introduction

This standard operating procedure (SOP) is applicable to the collection of representative liquid samples,
both aqueous and non-aqueous, from streams, rivers, lakes, ponds, lagoons, and surface impoundments. It
includes samples collected from depth, as well as samples collected from the surface. These typically
applicable procedures have been adapted from the U.S. EPA Surface Water Sampling SOP No. 2013,
dated 11/17/94 and may be varied or changed as required, dependent upon site conditions or equipment
and procedural limitations. The actual procedures used should be documented in the field notes,
especially if changes are made.

There are two primary interferences or potential problems with representative surface water sampling.
These include cross contamination of samples and improper sample collection. Following proper
decontamination procedures and minimizing disturbance of the sample site will eliminate these problems
as follows:

e Cross contamination problems can be eliminated or minimized through the use of dedicated
sampling equipment. If this is not possible or practical, then decontamination of sampling
equipment is necessary; and

e Improper sample collection can involve using contaminated equipment, disturbance of the stream
or impoundment substrate, and sampling in an obviously disturbed area.

2 Materials

The following materials shall be available, as required, during sampling. Back-up field
instruments/equipment should be available, if required.

Personal protective equipment;

Cleaning equipment;

Appropriate sampling apparatus and accessories;

Appropriate sample bottles, preservatives (if required) and sample bottle labels;
Ziploc™-type bags;

Insulated coolers, ice, and appropriate packing material;

Chain of Custody records and custody seals; and

Field documentation forms, field log book, waterproof pen, camera and film.

3 Preparations

o Determine the extent of the sampling effort, the sampling methods to be employed, and the types
and amounts of equipment and supplies needed;

e Obtain the necessary sampling and monitoring equipment to suit the task. Consider sample
volume, depth, deployment circumstances (e.g. bridge configuration) type of sample, sampler
composition materials, and analyses to be conducted;

e Decontaminate or pre-clean equipment and ensure that it is in working order; and

o Prepare scheduling and coordinate with MEC staff, AES and ES&S Laboratories, if appropriate.

4 General Sample Collection Procedures
1. Record pertinent data on the field documentation form.
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