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Section 1 

Introduction 
This baseline sampling and analysis plan (SAP) provides details on the surface water and groundwater 
monitoring program that will be conducted at the Red Creek Quarry (RCQ) property under the Ranch 
Land Rock Pit No. 1 (M-2002-096) permit amendment. It was prepared by Brown and Caldwell (BC) on 
behalf of HolcimUS (Holcim). The proposed RCQ mine will be an open-pit limestone quarry near Florence, 
CO. The 3,840-acre RCQ Property will consist of an open-pit limestone quarry to provide raw materials for 
the Holcim Portland Cement Plant and is located west of Pueblo, Colorado including Sections 24 and 25 
in Fremont County and 19, 20, 29, and 30 in Pueblo County, Township 20 South, Range 68 West 
(Figure 1).   

The surface and groundwater baseline monitoring program is part of the Colorado Department of 
Reclamation and Mine Safety (DRMS) permit application process for RCQ. The analytes and method 
detection limits selected for the surface water and groundwater baseline evaluation include biological, 
inorganic, and radiological suites listed in the Colorado Water Quality Control Commission standards for 
surface and ground waters. This monitoring plan incorporates existing well locations for groundwater 
quality and establishes surface water monitoring locations for flow and water quality, as well as a Quality 
Assurance Project Plan (QAPP) and field sampling methodologies.  

1.1 Objectives  
This SAP is designed to collect data to assess potential water resource impacts from future mining 
operations conducted at the RCQ. Constituent loading to surface water and groundwater could occur 
during future operations from stormwater runoff or groundwater seepage into mine pits and therefore 
baseline data, prior to mining, is needed to evaluate that change.   

The goals of the monitoring program include:  
• Document the characteristics of surface water and groundwater prior to any mining to assist in 

evaluation of the RCQ permit applications 
• Obtain accurate and defensible data by following the site-specific QAPP (Appendix B) and standard 

operating procedures (SOPs) (Appendix C) 
• Provide accurate and complete reporting of potential future mining-related impacts to appropriate 

regulatory agencies 

This plan covers the monitoring program that will be implemented as part of the mine permitting 
process. 
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Section 2 

Site Description  
2.1 Site Location and Access 
The mining operation will develop limestone reserves from the Fort Hayes and related formations in 
portions of U.S. Geological Survey (USGS) Sections 24 and 25, T20S, R68W in Freemont County and 
Section 19, 20, 29 and 30, T20S, R67W in Pueblo County. The RCQ property (owned by Holcim) 
encompasses approximately 3,851 acres (Figure 1).  

The RCQ property is accessed from Florence by traveling south on State Highway 67 for 
approximately 11 miles and turning east (i.e., left) onto State Highway 96 to travel to two separate 
property access points along Highway 96. To access the north end of the RCQ study area, travel 
approximately 6.5 miles to the access gate. To access the south end of the site, continue along 
Highway 96 approximately 3 miles to the Holcim access gate (Figure 1).  

2.2 Hydrologic Setting 
The RCQ property is located within the Upper Arkansas River subbasin, a USGS fourth level 
hydrologic unit code (HUC) subbasin (HUC 11020002) that drains into the Arkansas River basin. The 
aquatic resources within the RCQ study area include several ephemeral tributaries to Red Creek and 
the Arkansas River, an intermittent section of Red Creek, and a perennial section of Red Creek 
(Figure 2). Observed surface waters supported the delineation wetlands downstream of field recon 
location 004 and upstream of location 011; surface water within Red Creek was not observed 
upstream of recon location 004 and downstream of location 011.  

2.3 Geology and Hydrogeology 
The RCQ property is comprised of Cretaceous age marine sediments of inter-bedded limestones and 
sandstones including the Fort Hays Limestone and the more argillaceous Smoky Hill 
Limestone/Shale Members of the Niobrara Formation. Underlying the limestone units is the Codell 
Sandstone Member and Blue Hill Shale Member of the Carlisle Formation. The primary geologic 
strata at the site are illustrated in Figure 3. 

The Smoky Hill Limestone/Shale overlies the Fort Hays Limestone and consists of up to 125 feet (ft) 
of dark grey, thin-bedded limestone. The Fort Hays Limestone is the primary limestone resource due 
its high lime content and consists of approximately 35 ft of medium to light-grey, distinctly bedded 
limestone with numerous thin clay interbeds. The Codell Sandstone consists of approximately 20 to 
30 ft of light grey, fine-grained, massive sandstone. Contact between the Codell Sandstone and the 
overlying Fort Hays Limestone is denoted by 2 to 3 ft thick transitional zone of dense, arenaceous 
limestone. 

The geology of the RCQ property likely exerts a strong influence on local groundwater conditions. 
Groundwater was not observed in the limestone units during installation of monitoring wells in 
November 2021, with the exception of groundwater encountered in Well 2N within a highly 
fractures/faulted zone at approximately 35 ft below ground surface (bgs). Groundwater levels 
present in the Codell Sandstone appear to correlate with the dip of the sandstone bed to the 
southwest (Figure 4). The contact of between the limestone and sandstone was encountered at 
shallower depths on the north side of Red Creek in Wells 1 and 2S than in Wells 3 and 4. Wells 3 
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and 4 encountered the Codell sandstone at greater depths resulting in the groundwater table above 
the contact. 

2.4 Mine Plan  
The Ranch Land Rock Pit No. 1 located in Section 24 was previously permitted in 2002 under DRMS 
permit number M-2002-096 as a surface limestone mining operation with no water discharges or 
material processing. The Ranch Land Rock Pit No. 1 operation is presently inactive. Holcim plans to 
expand the currently permitted mine to a 3- to 5-million metric ton per year operation mining Fort 
Hays limestone and related formations. Mining operations at the RCQ property are planned to 
include quarry operations starting in the northwest corner of the six-section site, construct a crushing 
plant at the northwest corner, and convey the material via the more than 7-mile corridor to connect 
the RCQ operation site to the Portland plant. 
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Section 3 

Surface Water Monitoring  
Surface water monitoring will be performed by Holcim or its contractor under the direction of 
Holcim’s project manager. Analytical services for the program will be provided by SGS North America, 
Inc. (a National Environmental Laboratory Accreditation Conference-certified analytical laboratory) or 
another qualified, certified laboratory. Information regarding the responsibilities of the key personnel 
for the project is provided in the QAPP (Appendix B). 

3.1 Surface Water Monitoring Locations 
An investigation to identify wetlands and waters of the United States within the RCQ permit 
boundaries identified a section of Red Creek as either ephemeral, intermittent or perennial. Only the 
sections of Red Creek that are perennial will be monitored for water quality.  

The surface water monitoring network at the RCQ comprises 3 surface water monitoring locations. 
The monitoring station identification number (ID), location descriptions, and monitoring frequency 
are provided in Table 3-1. The surface water monitoring locations are shown on Figure 5.  
 

Table 3-1. Surface Water Sampling Locations 

Monitoring 
Station Water Body Description 

Northing 
(meters) 

Easting 
(meters) Frequency 

SW-SEEP Seep Surface water seep location  4238095.46 504175.80 Quarterly 

SW-RC1 Red Creek Furthest upstream perennial location on Red Creek TBD TBD Quarterly 

SW-RC2 Red Creek Furthest downstream perennial location on Red Creek TBD TBD Quarterly 

Visual observations to document the presence of surface water along the ephemeral portions along 
Red Creek and tributaries will be conducted by photographing surface water observations stations 
identified during the wetlands delineation and site reconnaissance conducted in May of 2019. Visual 
observation locations are shown on Figure 5. 

3.2 Surface Water Monitoring Schedule 
Surface water will be monitored quarterly for a minimum of five consecutive quarters. The actual 
dates of the monitoring will depend on weather and sampling location accessibility. Groundwater and 
surface water monitoring activities are anticipated to be conducted under the same quarterly 
monitoring event.  

3.3 Surface Water Monitoring Procedures 
The surface water monitoring program will include the following items: 
• Measurement of field parameters:  

− pH 
− Temperature 
− Specific conductance (SC) 
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− Oxidation-reduction potential (ORP) 
− Dissolved oxygen (DO) 
− Turbidity 

• Collection of water samples for laboratory analysis (see Section 3.3.2 below for further detail) 

Water quality samples will be collected prior to any measurement activities in the creek to avoid 
channel bottom disturbances that could affect the water chemistry. SOPs for surface water quality 
sampling and stream flow measurement are provided in Appendix C (SOP-7 and SOP-8, respectively) 
and the general methodology is summarized below.  

3.3.1 Field Methods 
A general site inspection will be performed upon arrival at the monitoring station and comments 
regarding site conditions will be recorded in the field sampling record. Field parameters will be 
measured in the field and recorded on the field sampling record. An example of the field sampling 
record for surface water is included in Appendix C (SOP-7).  

Water Quality Field Instrumentation. The field parameter instruments will be cleaned and calibrated 
at the beginning of each sampling day according to the manufacturer’s specifications using the 
water quality equipment calibration form located in Appendix C (SOP-2). A drift check on all 
parameters will be performed at the end of each sampling day. A drift check will be performed mid-
day if there are indications that the equipment is not performing normally or is subjected to adverse 
conditions (e.g., extreme cold); recalibration will be performed for parameter readings that are 
outside of acceptable performance limits.  

If a drift check—either at the end of the sampling day or in response to equipment not performing 
normally—indicates that the instrument is outside of acceptable performance limits, field staff will 
qualify the field data collected prior to the drift check. Instrument specifications and calibration 
procedures for pH, SC, temperature, DO, ORP, and turbidity are included in Appendix C (SOP-2). 

Surface Water Sample Collection. Water quality samples will be collected using the preferred direct 
grab method or other sampling method protocols detailed in SOP-7 (Appendix C). Samples from a 
flowing stream will be collected using dedicated sampling containers included with each sampling kit 
supplied by the laboratory, unless the sample bottle contains no preservative, in which case the 
sample may be collected directly into the sample bottle. Surface water samples will be collected by 
submerging the dedicated collection container or unpreserved sample bottle in the stream at a point 
where fresh water is continuously flowing to ensure a representative sample. 

Only certified clean bottles that are obtained from the analytical laboratory will be used to store and 
ship samples to the laboratory. Samples for dissolved constituent analysis will be filtered 
(0.45 micrometer [µm]) prior to collection in the laboratory-supplied preserved (as appropriate) 
sample container. All sample containers will be clearly labeled with the station ID, date and time of 
sample collection, filtered or unfiltered condition, preservatives, and the sampler’s initials. Samples 
will be kept cool in an insulated cooler from the time of collection to receipt by the analytical 
laboratory as detailed in the QAPP (Appendix B).  

Chain-of-custody (COC) forms and custody seals provided by the laboratory will be used for all 
samples shipped to the laboratory. Sample containers, preservatives, laboratory holding times, 
analytical methods, and method detection limits for surface water samples are summarized in the 
QAPP (Appendix B).  
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Surface water samples will also be collected for quality assurance/quality control (QA/QC) purposes 
as outlined in the QAPP (Appendix B). For each sampling round, surface water blind duplicate 
samples will be collected at a frequency of 1 per sampling event. 

Stream Flow Measurements. Stream flow rates will be measured at an established location where a 
water measuring device, such as a flume, will be installed at a semi-permanent location.  The SOP 
for flow measurement is described in SOP-8 (Appendix B).  

Collecting stream flow data will be subject to weather and accessibility. Because the field crew must 
wade into the flowing water to collect the flow measurements, the health and safety of field 
personnel will be given priority over data collection during hazardous conditions.  

3.3.2 Laboratory Analysis  
Surface water samples will be analyzed for the same broad range of constituents to establish 
baseline conditions and perform direct comparisons to groundwater data. The analyte list includes 
regulated surface and groundwater constituents and cation/anion data to compare water sources. 
The constituents to be analyzed during surface water sampling events under this plan are provided 
in Appendix A. Appendix A also provides the analytical methods, analytical limits, and water quality 
standards for reference. Additional details, including holding times, container types, and 
preservatives, are provided in the QAPP (Appendix B) and SOPs 4 and 7 (Appendix C). 
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Section 4 

Groundwater Monitoring 
Groundwater monitoring will be performed by Holcim or its selected contractor under the direction of 
Agrium’s project manager. Analytical services for the program will be provided by SGS North America, 
Inc, or another qualified, certified laboratory.  Information regarding the responsibilities of the key 
personnel for the project is provided in the QAPP (Appendix B). 

4.1 Groundwater Monitoring Well Network 
The proposed groundwater monitoring network includes 5 groundwater wells (Table 4-1 and Figure 4). 
Four of the groundwater wells are screened in the Codell sandstone and one well is screened in the Fort 
Hayes limestone. Water level data has been collected in the RCQ groundwater wells using pressure 
transducers since Q4 2021 and water levels will continue to be monitored. 
 

Table 4-1. RCQ Groundwater Monitoring Well Information 

Well ID Lithology 
Northing 
(meters) 

Easting 
(meters) 

Depth  
(ft bgs) 

Well 1 Codell Sandstone 4238022.76 503777.96 65 

Well 2N Fort Hayes Limestone 4238547.13 504359.11 34 

Well 2S Codell Sandstone 4238544.72 504358.98 58 

Well 3 Codell Sandstone 4237724.36 504413.34 92 

Well 4 Codell Sandstone 4238015.5 504450.16 70 
 

4.2 Groundwater Monitoring Schedule 
Groundwater quality will be monitored quarterly for a minimum of five consecutive quarters. The actual 
dates of the monitoring will depend on weather and sampling location accessibility. Groundwater and 
surface water monitoring activities are anticipated to be conducted under the same quarterly monitoring 
event. 

4.3 Groundwater Monitoring Procedures 
The groundwater monitoring activities at each well will include: 
• Measuring the water level in the well 
• Measuring field parameters in groundwater from each well, including:  

− pH 
− Temperature 
− SC 
− ORP 
− DO  
− Turbidity 
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• Collecting samples for laboratory analysis (see Section 4.3.2 below for further detail) 

4.3.1 Sampling Methods 
A general site inspection will be performed upon arrival at each monitoring well and comments regarding 
site conditions will be recorded on the field sampling record. An example field sampling record for 
groundwater is included in SOP-6 (Appendix C).  

Field Instrument Calibration. The field parameter instruments will be cleaned and calibrated at the 
beginning of each sampling day according to the manufacturer’s specifications using the water quality 
equipment calibration form located in Appendix C (SOP-2). A drift check on all parameters will be 
performed at the end of each sampling day. A drift check will be performed mid-day if there are 
indications that the equipment is not performing normally or is subjected to adverse conditions (e.g., 
extreme cold); recalibration will be performed for parameters with readings that are outside of 
acceptable performance limits. If a drift check, either at the end of the sampling day or in response to 
equipment not performing normally, indicates that the instrument is outside of acceptable performance 
limits, field staff will qualify the field data collected prior to the drift check. Instrument specifications and 
calibration procedures for pH, SC, temperature, DO, ORP, and turbidity are included in Appendix C 
(SOP-2).  

Water Level Measurements. Depth to water will be measured to the nearest 0.01 ft from the top of the 
well casing using an electrical water level sounder before sampling the well. The water level sounder will 
be cleaned with an environmental-grade detergent (Alconox or Liquinox) at the beginning or end of each 
sampling day. All parts of the sounder that will contact groundwater will be rinsed with distilled water 
before placement in each well.  

Monitoring Well Purge Methods. All monitoring wells will be purged and sampled using standard purging 
methods or micro-purge (i.e., low-flow) sampling methods. Consistency in the sampling method and 
operating procedures conducted for each individual well are key components for collecting 
representative samples that are comparable between sampling events. If possible, once a sampling 
method has been established for a well, it will not be changed. 

The low-flow sampling method relies on low pumping rates (typically 0.1 to 0.5 liter per minute) from a 
sampling pump located near the middle of the well screen interval to draw a representative sample of 
formation water into the pump intake with minimal disturbance of water in the well casing. The protocol 
for this method requires that water levels in the well be monitored during sampling with the goal of 
inducing less than 0.3 ft of drawdown.  

Water quality parameters for pH, SC, DO, ORP, temperature, and turbidity will be monitored during 
purging using a flow-through cell. Purging will be considered complete when turbidity is less than 10 
nephelometric turbidity units and three successive readings for pH, SC, ORP, and DO are within 0.1 
standard unit, 3 percent, 10 millivolts, and 10 percent, respectively. Stabilization of all parameters may 
not be achievable in some wells; protocols for this occurrence are outlined in SOP-6 (Appendix C). 

Sampling flow rate should not exceed the purge flow rate at which water quality indicator parameters 
stabilized. However, for samples needing to be filtered prior to collection in the sample bottle, a higher 
pressure may be required to push the sample water through the filter to maintain the same flow rate. 
Sampling equipment must be the same equipment that was used for purging, and should not be moved 
between purging and sampling activities. SOPs for low flow (i.e., micro-purge) sampling are described in 
SOP-6 (Appendix C).  

Groundwater Sample Collection. Certified-clean bottles obtained from the analytical laboratory or 
commercial bottle supplier will be used to collect samples. Samples for dissolved constituents will be 
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filtered (0.45 µm) prior to collection in the preserved sample bottles provided by the analytical 
laboratory. All sample containers will be clearly labeled with the well ID, date and time of sample 
collection, filtered or unfiltered condition, preservatives, and the sampler’s initials. Samples will be kept 
cool (less than or equal to 6 degrees Celsius [°C]) from the time of collection to receipt by the analytical 
laboratory. COC forms and custody seals provided by the laboratory will be used for all samples shipped 
to the laboratory. The analytical suite for groundwater samples are summarized in Appendix A. SOPs for 
sample collection and handling are provided in Appendix C (SOP-4 and SOP-6). 

Groundwater samples will also be collected for QA/QC purposes, as outlined in the QAPP (Appendix B). 
For each sampling round, groundwater blind duplicate samples will be collected at a frequency 1 
duplicate sample per event. 

4.3.2 Laboratory Analysis 
Groundwater samples will be analyzed for the same broad range of constituents to establish baseline 
conditions and perform direct comparisons to surface water data. The analyte list includes regulated 
surface and groundwater constituents and cation/anion data to compare water sources. The 
constituents to be analyzed during groundwater water sampling events under this plan are provided in 
Appendix A. Additional details, including method detection limits, hold times, container types, and 
preservatives are provided in the QAPP (Appendix B) and in SOP-4 and SOP-6 (Appendix C). 
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Section 5 

Data Validation 
Water quality monitoring results will be reviewed as they are received from the laboratory, and a QC 
evaluation with data validation will be completed within 4 weeks of receipt of the data. Information 
generated by the monitoring program will be compiled in an updated Access-compatible database. The 
data will be validated in general accordance with United States Environmental Protection Agency 
(USEPA) Contract Laboratory Program National Functional Guidelines for Inorganic Superfund Data 
Review and protocols described in Appendix B (USEPA 2010). All data from the investigation will be 
subjected to a QC analysis, including the following components:  
• A review to verify that laboratory sample IDs match sample IDs on the COC forms. Discrepancies will 

be noted and corrected.  
• A review to verify that receiving temperatures are in accordance with preservation requirements 

specified in the QAPP (Appendix B).  
• A review to verify that holding times are in accordance with the analytical methods specified in the 

QAPP.  
• An evaluation of the sample cation-anion balance, measured total dissolved solids (TDS) to 

calculated TDS, and TDS to SC as described in the QAPP.  
• A comparison of field duplicate samples with real samples as described in the QAPP.  
• An evaluation of field blanks and equipment blanks (if any) as described in the QAPP.  
• An evaluation of laboratory QC procedures and samples.  

The goal of the QC review will be to provide valid data of known and documented quality that can be 
used to document water quality conditions for the project and identify constituent trends in surface 
water, groundwater, and stock ponds. When possible, laboratory-determined QC acceptance ranges will 
be used to evaluate data quality. In the absence of laboratory-determined acceptance limits, the general 
inorganic acceptance limits provided in the USEPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Superfund Data Review will be used (USEPA 2010). Detailed data validation 
procedures for the RVM are presented in the QAPP (Appendix B).  
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Section 6 

Reporting 
Background conditions for surface and groundwater quality un-impacted by mining are required for the 
DRMS permit. Reports documenting activities performed under this plan will be prepared and submitted 
to the Holcim for review and approval. Monitoring reports will be prepared after each sampling event to 
summarize baseline water resources data collection. The Monitoring Event Summary Report will include 
sections describing: the methodology used to collect the data, water quality monitoring results, and 
water quality data validation. Possible data gaps, anomalous or unexpected data, and unexpected 
changes in site conditions for groundwater and/or surface water will also be discussed.  
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Section 7 
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Appendix A: Analyte Lists  

  



WQCC Groundwater 
Regulation 41

WQCC Surface Water 
Regulation 32

CO0000671 Discharge Permit for 
011A Outfall

Total Coliforms X X

E Coli X X

Alkalinity (Total, HCO3, CO3) X SM2320 B 2

Asbestos X X

Calcium X 200.7 0.053

Chloride Dissolved E300.0 0.4 Dissolved Dissolved

Chlorine Dissolved SM4500-Cl G 0.05 Dissolved

Cyanide WAD X LACHAT 0.003 X

Cyanide [Free] Dissolved Dissolved

Fluoride X E300.0 0.05 Dissolved

Magnesium X 200.8 0.025

Nitrate Dissolved E300.0 0.006 Dissolved Dissolved

Nitrite Dissolved E300.0 0.003 Dissolved Dissolved

Total Nitrate+Nitrite X Dissolved

Phosphorus Dissolved E365.1 0.008 Dissolved

Potassium X 200.8 0.05

Sodium X 200.7 0.051

Sulfate Dissolved E300.0 0.4 Dissolved Dissolved

Sulfide Dissolved SM4500-S2 0.35 Dissolved

Aluminum  Total and Dissolved 200.8 0.02 Dissolved Total 

Antimony  Total and Dissolved 200.8 0.0001 Dissolved

Arsenic  Total and Dissolved 200.8 0.0005 Total and Dissolved Dissolved Total and Dissolved

Barium  Total and Dissolved 200.7 0.002 Dissolved

Beryllium  Total and Dissolved 200.7 0.0013 Dissolved Total 

Boron  Total and Dissolved 200.7 0.0074 Dissolved Total 

Cadmium  Total and Dissolved 200.8 0.00005 Dissolved Dissolved

Chromium   Total and Dissolved 200.8 0.0005 Dissolved

Chromium +3  Total and Dissolved Total and Dissolved Total and Dissolved

Chromium +6  Total and Dissolved SM3500-CR B 0.009 Total and Dissolved

Cobalt  Total and Dissolved 200.7 0.0023 Dissolved

Copper  Total and Dissolved 200.7 0.0023 Dissolved Dissolved Total and Dissolved

Iron  Total and Dissolved 200.7 0.0031 Total Dissolved Total 

Lead  Total and Dissolved 200.8 0.00013 Dissolved Dissolved Total and Dissolved

Lithium  Total and Dissolved Dissolved

Appendix A - Analyte Lists

Method
Colorado Water Quality Regulatiuons

Analyte Fraction Analyzed at RCQ
Method Detection Limit

(mg/l)

Metals and Metalloids

Inorganic

Biological



WQCC Groundwater 
Regulation 41

WQCC Surface Water 
Regulation 32

CO0000671 Discharge Permit for 
011A Outfall

Appendix A - Analyte Lists

Method
Colorado Water Quality Regulatiuons

Analyte Fraction Analyzed at RCQ
Method Detection Limit

(mg/l)

BiologicalManganese  Total and Dissolved 200.8 0.0004 Dissolved Dissolved Dissolved

Mercury  Total and Dissolved 245.1 Total and Dissolved Dissolved Total 

Molybdenum  Total and Dissolved 200.8 0.00025 Total and Dissolved Dissolved

Nickel  Total and Dissolved 200.8 0.001 Dissolved Dissolved Total and Dissolved

Selenium  Total and Dissolved 200.8 0.0003 Dissolved Dissolved Total and Dissolved

Silver  Total and Dissolved 200.8 0.000025 Dissolved Dissolved Dissolved

Thallium  Total and Dissolved 200.8 0.00005 Dissolved

Uranium  Total and Dissolved 200.8 0.00005 Dissolved Dissolved Total and Dissolved

Vanadium  Total and Dissolved 200.7 0.0007 Dissolved

Zinc  Total and Dissolved 200.8 0.0025 Dissolved Dissolved Total and Dissolved

Gross Alpha Particle Activity X X

Beta and Photon Emitters X X

Radium 226 + 228 X X

Ammonia X SM4500-NH3 D 0.04 X

Chlorophyll X X

Chlorophenol X X

Color X SM2120B 2 X

Corrosivity X X

Foaming Agents X X

Odor X X

Phenol X E420.4 0.015 X

Oil and grease X E1664A 3 X

TDS X SM2540C 5 X

TSS X SM2450D 2.5 X

pH X X

Note: "X" indicates the analyte is measured for the non-filtered water fraction

Other

Radiological
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Section 1 

Overview 
The primary objective of the surface water and groundwater monitoring program is designed to 
collect data to assess potential water resource impacts from mining operations conducted at the 
proposed HolcimUS (Holcim) Red Creek Quarry (RCQ). Additionally, the RCQ baseline Sampling and 
Analysis Plan (SAP) is designed to document the characteristics of surface water and groundwater 
prior to any mining to assist in evaluation of the RCQ permit applications. 

This Quality Assurance Project Plan (QAPP) describes quality assurance/quality control (QA/QC) 
procedures that will be followed during implementation of the surface water and groundwater data 
collection. QA is a management function and refers to the systematic planning of procedures, 
methods, and standards to ensure that data generated by the testing program are suitable for their 
intended use. QC is process-oriented and focuses on error identification and verification that data 
meet the established standards. The following topics are covered in this QAPP: 
• Project management and communication 
• Training, certification, and documentation requirements 
• Data quality objectives (DQOs) and standards 
• Laboratory testing and analytical methods 
• QC procedures for data generation and data management 
• Program assessment and oversight 
• Data validation and usability 

The standards contained herein will be used for verification and validation of data generated by field 
personnel and laboratory subcontractors. The QAPP is intended to serve as a guide to field personnel 
and laboratory subcontractors for QC activities during the monitoring and reporting phases of this 
project. Specific details for sampling and analyses are provided in the RCQ Baseline Monitoring SAP 
and Standard Operating Procedures (SOPs). These documents along with this QAPP, provide a 
complete description of the monitoring programs that will be implemented during the project. 
  



 

 

 
2-1 

 

Section 2 

Project Organization 
Fieldwork, data validation, and reporting for the program will be performed by Holcim its contractors. 
The Project Manager (PM) and QA Officer (QAO) provide important QA/QC functions related to the 
generation, analysis, and reporting of data from the program. The management and QA/QC functions 
for the PM and QAO are described below. Overall project organization is presented in Table 2-1. 

 
Table 2-1. Key Project Personnel and Contact Information 

Organization Role Name Contact Information 

Holcim Project Operations Manager/Permitting 
Manager Michael Toelle Manager Raw Materials and Quarries 

Holcim CIP-NA 

Brown and Caldwell 

PM Paul Dupre 
Direct: (303)239-5454 
Mobile: (303) 909-0551 
pdupre@brwncald.com 

Data Manager Steve Dentico 
Direct: (201)574-4731 
Mobile: (201) 841-1677 
sdentico@brwncald.com 

QAO Jaclyn Lauer 
Direct: (770) 673-3641 
Mobile: (317) 408-8340 
jlauer@brwncald.com 

SGS National Laboratories Laboratory PM Parna Eskandari Payandeh Phone: 303-425-6021 
Parna.EskandariPayandeh@sgs.com 

 

Descriptions of the key responsibilities for the Permit Operations Manager, Permitting Manager, 
Laboratory PM, and Laboratory Quality Manager are provided in Section 2 of the SOPs. Key 
responsibilities for the PM, Data Manager, and QAO are provided in the following sections. 

2.1 Project Manager  
The PM is responsible for technical content of the work, oversight of data generation activities, and 
schedule. The PM will implement the monitoring programs and has the authority to commit the 
necessary resources to meet the monitoring objectives. Specifically, the PM will do the following: 
• Establish policy and procedures for the program including DQO specification, protocol testing, 

analytical methods, QC standards, and data validation procedures. 
• Monitor and direct field sampling activities and analytical work performed by the analytical 

laboratory. 
• Establish that project personnel have reviewed the POSs and SOPs, including the QAPP, SOPs, 

and Health and Safety Plan; are properly trained; and follow established policies and 
procedures. 

• Review testing and analytical results so that they fulfill DQOs established in the SAP and QAPP. 
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• Oversee monitoring results report preparation.  

The Monitoring Lead will assist the PM with the tasks listed above as well as provide oversight and 
direction for the sampling events. The Monitoring Lead will be responsible for directing the 
completion of data analysis and evaluation, data validation/verification, and completion of quarterly 
summary progress reports and annual reporting. 

2.2 QAO 
The QAO will provide independent QA oversight for the monitoring work. The QAO will provide data 
validation but not participate in data acquisition activities. The QAO will monitor the program so that 
QA/QC procedures described in the SOPs and QAPP are fully implemented and that DQOs are met. 
Specifically, the QAO will do the following: 
• Provide independent QA oversight for the monitoring program as a whole. 
• Review field books, data sheets, chain-of-custody (COC) forms, and laboratory analytical reports 

to determine whether data meet SAP and QAPP requirements. 
• Assess analytical data to determine whether the data meet measurement quality objectives 

specified in the QAPP. 
• Qualify data according to procedures contained in the QAPP. 
• Prepare periodic data validation records to summarize the results of the data review and 

validation. 
• Report data quality issues, QC failures, and non-conformance with established standards to the 

PM. 
• Help identify corrective actions to be taken in the event of QC failures or non-conformance with 

protocols and standards specified in the SAP and QAPP. 
• Maintain an accurate and complete database of analytical and hydrologic data generated during 

the monitoring program. 

2.3 Data Manager 
The Data Manager will compile all data related to the project in an Environmental Quality Information 
System (EQuiS) database which will be utilized to provide data entry, secure storage, access, and 
evaluation capabilities of data obtained during the monitoring efforts. The Data Manager will design 
report exports to automatically calculate surface water and groundwater standards, to provide timely 
review of analytical data against regulatory standards. The Data Manager will also facilitate 
production of tables and figures using direct exports from the EQuIS database. This role includes 
coordination with data validators, providing electronic data deliverables to validators to increase 
efficiency and capture of validation qualifiers in preparation of data validation/data usability reports. 
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Section 3 

Training, Certification, and 
Documentation Requirements 
The requirements for training, certification, and documentation for the Project are summarized in 
sections below. 

3.1 Training Requirements 
Field personnel who participate in data collection activities for the Project will review the SOPs and 
QAPP and will receive instruction from the PM about proper sampling procedures. Personnel will be 
trained prior to their initial entry to the field and biannually thereafter. Training topics will include 
proper sampling and monitoring techniques, instrument calibration, QA/QC procedures, field notes 
and documentation, and sample shipment to the analytical laboratory. 

3.2 Laboratory Certification 
Certification by the National Environmental Laboratory Accreditation Conference (NELAC) is required 
for laboratories providing analytical services for the Project. Documentation of NELAC certification 
and the contracted laboratory’s QA manual are provided in Attachment A. If the laboratory changes, 
Attachment A will be revised to include the NELAC certification of the new laboratory and the 
laboratory’s QA manual. The laboratory PM will be provided with a copy of the SOPs and QAPP and is 
responsible for ensuring that all analyses comply with the specified analytical methods, testing 
protocols, and standards. 

3.3 Documents and Records 
Project-related documents and recordkeeping are described in the following sections. 

3.3.1 Project Documents, Records, and Electronic Files 
Primary documents and records that will be generated during the Project include the following:  
• SAP. The RCQ Baseline Surface Water and Groundwater SAP, of which this QAPP is an Appendix, 

provides detailed information on the data collection objectives, types of data to be collected, and 
data collection methods. 

• QAPP. The QAPP (this document) contains detailed information about QA/QC procedures and 
DQOs for the Project. Revisions to the QAPP will be documented in writing and attached as 
addenda to this document to provide a permanent record of the change.  

• Field Records. Field records generated during the sampling and monitoring activities will include 
field books, field data sheets, instrument maintenance and calibration records, COC forms, and 
shipping receipts. Field records will be prepared and maintained in the project files and will be 
made available for review at the request of the Agencies. 

• Laboratory Records. In addition to analytical results, the laboratory will maintain sample receipt 
and storage documentation, instrument calibration logs, raw data, and QC sample records for 
the project. The records will be available for review at the request of the Agencies.  
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• Data Validation Records. Field data sheets, field QC results, COC forms, and laboratory reports 
from each sampling event will be reviewed by the QAO, and a data validation record will be 
generated that summarizes the quality of the collected data. Data validation records will be 
included as attachments in the monitoring reports. 

• Retention of project documentation: Documents, field records, laboratory records, and logbooks 
generated during implementation of the Project will be maintained as part of the project record 
for a minimum of five years after the close of the Project. 

3.3.2 Electronic File/Database 
Information generated by monitoring will be compiled in a Microsoft Access-compatible database 
(e.g., EQuiS). The annual report will include a summary of data collected the prior year including 
discussion and available validated water quality data from sampling points in an electronic, easily 
editable format such as Excel or Access files.  

3.3.3 Revisions to SAP, SOPs, and QAPP 
Revisions to the SAP, SOPs, and QAPP will be updated as changes occur in the sampling program. 
Changes to the SAP and QAPP will be documented as written addenda to the original documents 
and/or incorporated into revised documents, as appropriate. The PM will be responsible for ensuring 
that revisions to the SAP, SOPs, and QAPP are distributed to project personnel as appropriate. 
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Section 4 

DQOs and Criteria 
DQOs are qualitative and quantitative statements that are intended to clarify the study objectives, 
define the data to be collected, determine the appropriate conditions for data collection, and specify 
the quantity and quality of the data needed to support the decision-making process. The DQO 
process outlined by the United States Environmental Protection Agency (USEPA) consists of seven 
iterative steps that are identified in Table 4-1. Table 4-1 defines the DQO steps for the Project and 
references what section of the SAP each step is addressed. 

 
Table 4-1. DQO Process 

DQO Step RCQ Section Addressed 

Step 1: State the Problem 
Ground disturbing activities, such as mining, have 
the potential to have an adverse impact on surface 
and groundwater quality. 

- 

Step 2: Identify the Goal of the Study 
The goal of the Project is to characterize baseline 
water quality and hydrologic conditions prior to 
Project development. 

Section 1 of the RCQ Baseline Surface 
Water and Groundwater SAP. 

Step 3: Identify Information Inputs 
The SAP describes the types of baseline data to be 
collected to assist in the evaluation of the RQC 
mining operations for permit applications. 

Sections 3 through 4 of the SAP. 

Step 4: Define the Boundaries of the Study 
The study area consists of USGS Sections 24 and 
25, T20S, R68W in Freemont County and Section 
19, 20, 29 and 30, T20S, R67W in Pueblo County.  

Figure 1 of the SAP. 

Step 5: Develop the Analytic Approach 
The suite of analyses to be conducted were 
developed to document the characteristics of 
surface water and groundwater prior to any mining.  

Sections 3 through 4 of the SAP. 

Step 6. Specify Performance or Acceptance 
Criteria 

Sample performance and acceptance criteria are 
based on regulatory guidance and industry 
accepted sampling practices.  

Performance and acceptance criteria are 
identified in the QAPP and specific SOPs 

Step 7: Develop the Plan for Obtaining Data The SAP and SOPs describe the overall sampling to 
be implemented. 

The plan for obtaining data is described in 
the project Work Plan 

 

The objective of QA/QC is to obtain analytical results from sample analyses that are representative of 
actual chemical and physical composition of the media sampled. Field QA/QC will consist of following 
standard protocols for sample collection and collecting and analyzing sample duplicates and field 
blanks. The duplicates are used to determine both field and laboratory precision. The field blank is 
used to check the integrity of sample collection and handling. Both the duplicate and field blank 
samples are stored and handled in the same manner as the normal samples. 
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The DQOs will be fulfilled by implementing the following QA/QC activities during data collection: 
• Collection of field data and water quality samples according to the sampling design specified in 

the SAP and the medium-specific SOPs. 
• Adherence to the SOPs for field measurements, sampling, sample handling, and sample COCs. 
• Analysis of samples in accordance with standard method protocols specified in the SOPs. 
• Adherence to data validation procedures specified in Attachment B of this QAPP. 
• Implementation of training, quality auditing, and corrective/preventative action processes 

described in this QAPP. 

The analytical data support level for the Project is as follows: 
• Field screening data (i.e., field measurements of pH, water temperature, specific conductance 

[SC], dissolved oxygen [DO], and turbidity) will be at data quality Level I. Level I refers to field 
screening using portable instruments that are generally not compound specific or very 
quantitative. 

• Laboratory analytical data will be at Level II. Level II refers to standard USEPA-approved methods 
with data reviewed by standard QA protocols. 

Data quality indicators, including analytical accuracy, precision, representativeness, comparability, 
and completeness, are the principal metrics used to assess data quality. Data quality indicators for 
the Project are described in the following sections. 

4.1 Accuracy 
Accuracy is a measure of the agreement between a “true” or reference value and the associated 
measured value and is based on reported recoveries from the laboratory. The recoveries of lab 
control samples (LCSs) and matrix spike (MS) samples will be used to evaluate the accuracy of the 
measurements. Laboratory accuracy for each analysis is determined through statistical analysis of 
the laboratory equipment by the laboratory; the acceptable accuracy range for the laboratory 
equipment is typically 70 to 130 percent; however, laboratory method SOPs may deviate slightly 
from this range. Final recovery ranges are reported on each laboratory report for each parameter. 
Any outliers from the acceptable range in percent recovery, as determined by the laboratory, will be 
flagged by the laboratory. 

4.2 Precision 
Precision is a measure of agreement between two measurements of the same property under 
prescribed conditions. Sampling events may include duplicate samples (field replicates or split 
samples) or may rely on LCS split sample results. The relative percent difference (RPD) of duplicate 
samples will be used to assess data precision. 

Precision will be based on field, LCS, and, if used, MS duplicates (MSD). The acceptable RPD range 
for the laboratory equipment will be indicated in the laboratory sheets. Field duplicate RPD goals are 
identified in the medium-specific SOPs. Appropriate measurement range is determined by reviewing 
results in comparison to the laboratory practical quantitation limits or method detection limits. 
Reporting requirements are determined prior to sampling through a review of historical data for the 
analytes and region of interest and reflected in the choice of analytical laboratories, analysis 
methods, and requested reporting levels or method detection limits. 
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4.3 Data Representativeness 
Representativeness is the degree to which the sample data accurately and precisely represent site 
conditions. The representativeness criterion is best satisfied by confirming that sampling locations 
are properly selected, a sufficient number of samples are collected, sample collection procedures 
are appropriate and consistently followed, and analytical results meet DQOs. The monitoring 
programs described in the SAP have been designed to provide data that are representative of the 
sampling media and a sufficient number of samples to meet the project DQOs. Sampling procedures 
will follow the sampling procedures in the project-specific SOPs.  

Representativeness is evaluated during data review, verification, validation, and reconciliation efforts 
by comparing the combination of data accuracy, precision, measurement range, and methods and 
assessing other potential sources of bias, including sample holding times, reported results of blank 
samples, and laboratory QA review.  

4.4 Data Comparability 
Comparability is the confidence with which one data set can be compared to another data set. Use of 
standard sampling and analytical procedures will maximize comparability. For data comparability, 
sample collection procedures will be consistently followed, the same analytical procedures will be 
used, and the same laboratory, which is certified by NELAC, will be used to analyze the samples. 

4.5 Data Completeness 
Completeness is calculated by subtracting the number of rejected and unreported results from the 
total planned results and dividing by the total number of planned results, expressed as a percentage. 

Estimated results do not count against completeness because they are considered to be usable as 
long as limitations are identified. Results rejected because of out-of-control analytical conditions, 
matrix effects, broken or spilled samples, or samples that could not be analyzed for other reasons 
are subtracted from the total planned number of results. A completeness goal of 90 percent or 
greater is established for the Project. If a sampling event does not meet the completeness goal, the 
data will be discussed with the program manager and a course of action will be agreed upon. Any 
required departure from this goal will be justified and explained in the project records. 
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Section 5 

Data Generation and Acquisition 
This section provides sampling and analytical methods, handling and custody, and associated QC. 

5.1 Sampling Methods 
Proper sample collection procedures are essential so that representative and reliable data are 
collected. Samples will be collected in accordance with the SAP, this QAPP and SOPs. The QA/QC 
procedures will be fulfilled by adhering to the requirements detailed in this QAPP and the SOPs, and 
adherence will be demonstrated through appropriate documentation of sampling procedures within 
the field logbook and field sheets as described herein. Field audits by the QAO may also be part of 
QA/QC procedures. 

The following general procedures will be followed during sample collection: 
• Water quality samples will be collected into laboratory-supplied sampling containers. Refer to 

Table 6-1 of the SOPs for information regarding containers, preservatives, hold times, and 
temperature requirements for the various analytical methods. 

• Samples will be collected using the specified equipment and methods necessary to obtain a 
sample that is representative of the desired medium at the given sampling station. 

• Field QO samples, including equipment blanks, field blanks, duplicates and site-specific MS 
samples, will be collected for aqueous samples. 

• Samples will be handled carefully to minimize exposure to external influences such as wind, 
dust, or rain. 

• Sample bottles will be labeled with a minimum of date, time of collection, sample identification, 
preservative information, filtered or unfiltered, and the sampler’s initials. 

• Sampling date and time and the sampler’s initials will be added to the COC form immediately 
after sampling. 

• If problems occur during sampling, the QAO will be notified. The source of the problem will be 
identified, and the appropriate corrective action taken. These incidents will be documented in 
the monitoring reports, the project folder, and filed with the appropriate data package. If the 
problem compromises the quality of collected data, the data will be flagged within the database. 

5.2 Sample Handling and Custody 
Once sample containers have been filled, they will be labeled, placed in re-sealable plastic bags, and 
stored in a cooler on ice to maintain a temperature below 6 degrees Celsius (°C) and above freezing 
(0°C). Soil samples do not require preservation with ice.  

Identification information for each sample will be recorded on the appropriate field data sheet at the 
time of sample collection. COC forms are to be completed immediately after sample collection and 
before the samples are released to another individual or organization.  

The samples shall be transported or shipped to the analytical laboratory in insulated containers to 
arrive within the appropriate holding time and temperature for the specified analyses and will be 
accompanied by a COC form that identifies the sample bottles, date and time of sample collection, 
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and analyses requested. If shipment is needed, the samples will be packaged with custody seals and 
shipped in accordance with United States Department of Transportation standards.  

The original COC form will be given to the laboratory with the samples, and the monitoring contractor 
will retain a copy in the project files. Once received by the laboratory, a sample receipt and storage 
record will be generated. Refer to the SOPs in the SAP for more information, including a sample COC 
form. 

5.3 Analytical Methods 
Samples for groundwater quality analysis will be collected and submitted to SGS National Labs or 
another qualified, certified laboratory. Sample containers, labels, and preservatives will be obtained 
from the analytical laboratory, laboratory supplier, or laboratory equipment provider. Samples must 
be preserved and analyzed within the holding times. The laboratory will be notified by the PM prior to 
sample shipment so that the holding time is not exceeded. Sample collection and preparation 
instructions provided by the analytical laboratory will be followed throughout the duration of each 
project. 

Field measurements will be conducted using portable meters and field test kits that employ USEPA-
approved methods. Field measurements in surface water will include measurement of instantaneous 
discharge, temperature, pH, SC, oxidation-reduction potential (ORP), DO, and turbidity. Field 
measurements in groundwater will include depth-to-water, temperature, pH, DO, ORP, SC, and 
turbidity. Measurements will follow procedures recommended by the manufacturer of the meter or 
test kit and procedures discussed in the groundwater sampling SOP. Results of field measurements 
will be recorded in bound field logbooks, electronically (using tablets), or on field data sheets. 

The required analytical QC procedures are outlined in Section 5.4.2. The QAO will be responsible for 
ensuring that laboratory QC is performed in accordance with the specified method and the 
procedures contained in this QAPP. 

5.4 Quality Control  
QC is a means of measuring or estimating the potential variability involved with sample collection, 
analysis, or measurement activities, both in the field and in the laboratory. 

5.4.1 Field QC Checks 
QC for field measurements will be assessed using the following methods: 
• Field instruments will be inspected, maintained, and calibrated prior to each sampling event. 
• A calibration check will be performed to verify accuracy at the beginning of each sampling day by 

analyzing a calibration standard. 
• A drift check will be performed at the end of each sampling day; mid-day drift checks will be 

performed if instruments are not performing normally or are subjected to adverse conditions. 
• If a mid-day drift check indicates that a parameter reading is outside of acceptable performance 

limits, a recalibration of that parameter will be performed. 
• If a drift check indicates that the instrument is outside of acceptable performance limits, field 

staff will qualify the field data collected prior to the drift check. 
• Results of the QC tests will be recorded on a field data sheet. 
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Field QC samples sent to the laboratory will include duplicates and blanks that will be submitted 
blind (not identified with the parent sample) for analysis. Field duplicates will be collected at a 
frequency of at least one per sampling event. Equipment blanks will be collected at a frequency of 
once per sampling event for each time equipment that requires decontamination is used. 
Submission of QC samples will be scheduled so that field QC sample frequency is met for each 
medium-specific sampling event. Other field blanks may be specified by the PM on an as-needed 
basis. 

5.4.1.1 Duplicates 

Duplicate samples are two samples collected from the same location, representing the same 
sampling event, and carried through assessment and analytical procedures in an identical manner. 
Duplicates can be “replicates” (samples taken one immediately after the other, separated only by 
the actual time required to fill the sample container) or “splits” (subsamples drawn from the same 
initial volume of matrix). Relevant information will be recorded for the duplicates, just like the normal 
samples, in the field logbook, or field data sheet. Results from the field duplicate analysis will be 
included in the analytical report. 

5.4.1.2 Equipment Blanks  

A blank is a sample of known matrix where the specific constituents requested for analysis are 
known to be absent or are present at concentrations less than the laboratory minimum limit of 
detection.  

Equipment blanks consist of blank sample matrix passed through or over non-dedicated sampling 
equipment to check the decontamination process between samples or sample sites. Equipment 
blanks may be collected when sampling equipment requiring decontamination (e.g., portable pumps 
and sampling manifolds) are carried from location to location. When collected, equipment blanks will 
also be submitted blind for analysis. 

5.4.2 Laboratory QC Checks 
Laboratory QC checks are routinely performed as part of the analytical process and include internal 
checks for sample analysis activities. The frequency and type of QC samples are often analytical 
method dependent. The laboratory will report any variance from laboratory-assigned QC limits 
impacting the quality of sample results and may report details of internal laboratory QC if requested. 
Laboratory QC checks include the types of samples described below. 

5.4.2.1 Method Blank Samples 

Method blank samples are used to assess laboratory contamination during all stages of sample 
preparation and analysis. Method blank samples will be prepared by the laboratory using reagent-
grade water and are carried through the entire preparation and analytical process. The laboratory will 
analyze method blank samples at a frequency of one sample for each batch of up to 20 samples. 

5.4.2.2 Laboratory Control Samples 

LCSs are multi-element matrix-specific standards with known analyte concentrations that are carried 
through the entire preparation and analytical process. LCSs are used to confirm the method control, 
accuracy, and precision of analyses for constituents that are analyzed on a total concentration or 
total recoverable concentration basis. The laboratory will analyze LCSs at a frequency of one sample 
for each batch of up to 20 samples. 
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5.4.2.3 Calibration Verification Samples 

Calibration verification samples are method standards with known concentrations used to assess 
analytical precision, accuracy, and stability of the instrument calibration. The laboratory will analyze 
calibration verification samples at a frequency of one sample for each batch of up to 10 samples 
and at the end of each workgroup. 

5.4.2.4 MS Samples 

MS samples will be used to evaluate the effect of the sample matrix on the recovery of constituents. 
An MS sample is a split of a submitted sample that is fortified with a spiking solution containing 
known concentrations of the target analytes. The fortified split is carried through the entire digestion 
and analytical process. Analyses for the MS are compared to the non-spiked split, and recovery of 
the target analytes is calculated using the equation discussed in Section 4.1. Recovery data for MS 
samples are used to determine the accuracy of the measurement and the prevalence of matrix 
effects. MS samples are also used in conjunction with MSD samples to evaluate analytical precision. 
The laboratory will analyze MS samples at a frequency of 1 sample for each batch of up to 20 
samples. 

5.4.2.5 MSD Samples 

MSD samples are duplicate samples of MS samples that are used to assess matrix effects on 
analytical precision. Precision is evaluated by calculating the RPD for the MS and MSD pair. The 
laboratory will analyze MSD samples at a frequency of 1 sample for each batch of up to 20 samples. 

5.4.2.6 Additional QA/QC Requirements 

The analytical laboratory will have the appropriate facilities to store, prepare, and process samples 
and appropriate instrumentation and staff to provide data with the required quality within the period 
dictated by the project. The laboratory shall provide, upon request, information documenting its 
ability to conduct the analyses with the required level of data quality. Such information may include 
results from inter-laboratory performance evaluation studies, control charts, summary data from 
internal QA/QC checks, and results from analyses of certified reference materials. 

5.4.3 Data Analysis QC Checks 
The QC check data may be checked/reviewed for quality by the PM or the QAO at any time during the 
project and must be checked after the data are collected. Corrective actions, as needed, will be 
documented in the event that control limits are exceeded. Data qualifiers will be assigned following 
appropriate data verification/validation procedures. 
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Section 6 

Instrument and Equipment Testing, 
Inspection, and Maintenance 
The instruments and/or equipment used during the Project will be inspected and maintained 
according to the sections below. 

6.1 Field Equipment 
The following field measurement equipment may be used during the project: 
• Handheld multi-parameter meter (YSI ProDSS Multimeter or equivalent). This meter is capable 

of measuring DO, temperature, pH, ORP, and electrical conductivity. The meter requires 
calibration before each sampling event and periodic maintenance per the manufacturer’s 
recommendations. 

• Field turbidimeter (Hach Model 2100Q Portable Turbidimeter or equivalent). This meter will be 
used to measure turbidity in the field. The meter employs a tungsten-filament light source and 
two light detectors to measure scattered (at 90°C) and transmitted light. The unit has a reported 
range of 0.01 to 1000 nephelometric turbidity units (NTU). 

• Velocity meter (Marsh-McBirney Flow Meter or equivalent). This meter will be used to measure 
surface water discharge. The meter uses an electromagnetic sensor to measure the velocity in a 
conductive liquid such as water. The velocity is in one direction and displayed on a digital display 
as feet per second or meters per second. 

• Field monitoring equipment. Inspection and preventive maintenance will be performed for 
applicable field equipment in accordance with the manufacturer’s specifications prior to each 
sampling event. This maintenance includes battery checks, routine replacement of membranes, 
and cleaning of conductivity electrodes, among other tasks. Equipment will be re-inspected 
between each sampling site and after each sampling event. If problems occur and/or repair is 
needed during the sampling event, the field data sheet will be used to document the corrective 
action taken. If significant damage or equipment malfunctions are noted, the instrument(s) will 
be sent to the manufacturer for immediate repair.  

A maintenance and calibration log will be kept by the monitoring coordinator or other designee that 
details the dates of instrument and sampling gear inspection, calibrations performed in the lab or 
field, battery replacement, reagent and standard replacement, and any problems noted with 
instruments, samplers, or reagents. The logbook will also be used to document corrective action that 
was taken if equipment deficiencies were noted during an inspection. A small inventory of critical 
spare parts for field equipment (DO membranes, o-rings, and temperature and conductivity probes) 
taken to the field if needed; however, perishable supplies or expensive parts may not be kept on 
hand and will need to be ordered when needed. Spare parts and supplies will be obtained through 
the equipment manufacturer or other reputable sources. 
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6.2 Laboratory Equipment 
Laboratories providing support for the project will maintain analytical equipment in accordance with 
relevant SOPs, which include those specified by the manufacturer and those specified by the 
method. The laboratories will maintain a logbook documenting equipment inspections and 
preventive and corrective maintenance. 
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Section 7 

Instrument/Equipment Calibration 
and Frequency 
This section describes the calibration of field instruments used during the Project and those used by 
the laboratory.  

7.1 Water Quality Field Instruments 
Field instruments will be calibrated according to the schedule presented in Table 7-1. Standards will 
be purchased from a chemical supply company or prepared by (or with the assistance of) a 
commercial laboratory. Calibration records will be kept in the maintenance/calibration log in the 
project files where they can be accessed before and after equipment use. Calibrations performed by 
personnel in the field will also be recorded on the field data sheets to indicate which samples were 
analyzed pre- and post-calibration for the specific sampling event. If calibration is not successful or 
other issues pertaining to calibration arise, the instrument will not be used, and the equipment 
manufacturer will be contacted to determine the appropriate corrective action. The problem and 
corrective action will be documented in the maintenance/calibration logbook. Alternate instruments 
will be used until the malfunctioning instrument is fixed and calibration is successful. Calibration 
type and frequency are described in Table 7-1. 

 
Table 7-1. Field Instrument Calibration and Frequency 

Parameter Calibration Frequency Standard or Calibration Instrument Used 

pH Every sampling day pH 7.0, 4.0, and 10.0 buffers  

DO Every sampling day Water-saturated air, according to manufacturer’s instructions and post-deployment check 

SC Every sampling day Conductivity standard (1,413 microSiemens per centimeter) and distilled water 

Turbidity Every sampling day 20, 100, and 800 NTU solutions 

ORP Every sampling day Zobell solution or equivalent 

 

7.2 Laboratory Instruments 
The analytical laboratory performs calibration practices and calibration checks as part of the method 
SOPs. The QAO shall review these practices and confirm that they comply with project requirements. 
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Section 8 

Inspection/Acceptance of Supplies 
and Consumables 
Project supplies and consumables that may directly or indirectly affect the quality of results include 
the following: 
• SC, pH, ORP, DO, and turbidity standards 
• Sample filters 
• Miscellaneous supplies including batteries, DO membranes, o-rings, clean tubing, spare bottle 

sets, nitrile gloves, Liquinox® and deionized water for decontamination, ice, desiccant for 
transducers  

The PM will check that the inspection/testing specifications and acceptance criteria are met. Upon 
receipt, buffer solutions, standards, reagents, and miscellaneous supplies will be inspected by the 
PM or other designee for leaks or broken seals, and the age of each reagent will be compared to the 
manufacturer’s recommended shelf-life. Additionally, conductivity, pH, and turbidity standards will be 
checked by comparing their readings with those generated by the current lot of standards. Other 
sampling equipment will be inspected for broken or missing parts and will be tested to ensure proper 
operation. 
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Section 9 

Data Management 
Field and laboratory data for the RCQ project will be recorded in a project-specific Microsoft Access-
compatible database (e.g., EQuiS). The data will be reviewed and qualified by the Database Manager prior 
to entry into the database.  

9.1 Data Reduction 
Data reduction includes the processes that change the numeric value of the raw data. Most field 
data will be generated by directly reading the instrumentation (i.e., no calibration curves are 
generated). Therefore, no data reduction will be performed for flow measurements, temperature, pH, 
DO, SC, ORP, or turbidity. 

Laboratory data reduction will be performed in accordance with the specified analytical method and 
presented as analytical results. The laboratory data will be reviewed to verify that the appropriate 
units are assigned to all concentrations. Additionally, further data reduction may include graphing 
using spreadsheet or database software and preparing descriptive statistics. 

9.2 Field Data 
Field data will be documented per the applicable SOP either in a field logbook, electronically (e.g., 
tablet), or on field data sheets. Field staff will complete all relevant sections of the data sheet during 
the sampling event. Field data will be collected and uploaded to the project database. 

9.3 Analytical Data 
The laboratory will provide reports summarizing analytical results and QC results in both hard copy 
and electronic formats. Requirements for electronic data deliverables will be provided to the 
laboratory at the start of data collection and will include, at a minimum, the sample ID, sampling 
date/time, test method, extraction date/time, analysis date/time, analytical results, QA sample 
results, instrument and equipment calibration summary information, and a description of any 
corrective action taken to resolve data quality issues. 

9.4 Database Maintenance 
The Database Manager will be responsible for maintaining an accurate and complete project 
database. Analytical data reports will be verified, validated, and uploaded to the project database 
within 1 month of receipt from the laboratory. 
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9.5 Data Submittal 
Records will be maintained in the monitoring contractor’s files to maintain the project record. 
Records to be maintained include the following: 
• COC forms 
• Discrepancy/deficiency reports 
• Laboratory analytical reports 
• Tabulated analytical results with supporting QC information 
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Section 10 

Assessment and Oversight 
Assessments conducted throughout the course of the Project will be implemented as outlined in the 
following sections. 

10.1 Assessments and Response Actions 
Periodic assessments will be conducted so that data are collected according to requirements 
presented in this QAPP. The QAO will have the primary responsibility for assessing compliance with 
the QAPP and SAP/SOP requirements pertaining to sample collection and handling procedures, field 
analytical procedures, and laboratory analytical procedures. In addition, the QAO is responsible for 
assessing compliance with the QAPP, SAP, and SOPs. The QAO will review field sampling and analysis 
procedures at the beginning of the project. Laboratory analyses will be continually assessed by 
evaluating the results of QC samples. 

If an assessment reveals discrepancy in the methodology used to collect data or the analytical 
results, the QAO will discuss the discrepancy with the PM to determine if the data are accurate, the 
cause of the discrepancy, how the discrepancy impacts data quality, and the corrective action. The 
QAO will then follow up so that the corrective action is implemented, and data are qualified as 
needed. 

The QAO has the power to stop sampling and analytical work by both sampling personnel and 
contract laboratories if the discrepancies noted are determined to be detrimental to data quality. 

10.2 Laboratory Assessment and Oversight 
Data quality will be evaluated based on sampling techniques and analytical QC. The laboratory is 
NELAC-certified; therefore, formalized audits of laboratory systems will not be performed as part of 
the Project. Informal audits of field work will be sufficient to ensure that SOPs are being followed. 
Performance of both field and laboratory QA systems will be assessed based on results of laboratory 
and field QC samples. A general evaluation of data quality will consider potential sources of error 
including gross errors, systematic errors, and random errors. 
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Section 11 

Data Validation and Usability 
Requirements for data validation and methodology are summarized in the following sections. 

11.1 Data Review, Verification, and Validation Requirements 
Data verification and validation are integral steps in the transition between data collection and data 
use and interpretation. The USEPA has developed a comprehensive guidance document titled 
Guidance on Environmental Data Verification and Data Validation (USEPA, 2002). The purpose of the 
document is to explain how to implement data verification and data validation, offer practical advice, 
and provide references.  

Although data verification and data validation are commonly used terms, they are defined and 
applied differently by various organizations and quality systems. For the purposes of the project, the 
terms are defined as follows: 
• Data verification. Confirmation by examination and provision of objective evidence that specified 

requirements have been fulfilled. Data verification is the process of evaluating the 
completeness, correctness, and conformance/compliance of a specific data set against the 
method, procedural, or contractual requirements. This confirmation is done to determine 
whether everything that was agreed upon was actually completed. 

• Data validation. Confirmation by examination and provision of objective evidence that the 
particular requirements for a specific intended use are fulfilled. Data validation is an analyte- 
and sample-specific process that extends the evaluation of data beyond method, procedural, or 
contractual compliance (i.e., data verification) to determine the analytical quality of a specific 
data set. In other words, what is the quality of this specific data set? 

Data generated by project activities will be reviewed against project DQOs and flagged (qualified) if 
the objectives are unmet. Data will also be assessed to determine whether the QC practices were in 
place during data collection. If data were collected without the stated QC practices in place, the data 
will be set aside until the impact of the QC failure on data quality can be evaluated. If the impact of 
the QC failure on data quality is minimal, the data will be qualified and included within the database. 
Data that does not meet the DQOs will be evaluated to determine the cause of the problem and 
whether corrective actions can be implemented so that DQOs are met in the future. 

11.2 Verification and Validation Methods 
Laboratory data will be validated in accordance with the USEPA Contract Laboratory Program 
National Functional Guidelines for Inorganic Superfund Data Review (USEPA, 2017). These 
documents serve as the equivalent of an SOP for data review and validation. Level II data validation 
will be performed on the analytical data. Specific data evaluation and qualification guidelines for 
inorganic and general chemistry data review are included in Attachment B, including the review 
items, method, review criteria, action criteria, and reason codes. 

Data verification/validation will be performed by the QAO and designated reviewers/validators. Data 
reviewers will be responsible for reviewing field data sheets, COC forms, and analytical lab reports 
from each sampling event to determine whether collected data meets the contractual requirements. 
The data validators will add to the data review by checking field equipment calibration records and 
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QC results, assessing whether DQOs have been achieved, and flagging data that did not meet 
specific requirements. Data qualifiers will be added to the database to alert data users of data 
limitations and uncertainties. A data quality assessment will be completed to summarize the results 
of the review and validation. 

If corrective action is necessary based on the data verification/validation process, the QAO will be 
responsible for communicating the nonconformance and the corresponding corrective actions to the 
laboratory, the PM, or other designee. A data quality assessment section summarizing qualified 
results and including any corrective actions will be included in the summary reports. 

11.3 Reconciliation with User Requirements 
To fulfill the identified data needs, it is important that the data collected for the project meet the 
DQOs. If data do not meet the project specifications, the results will be flagged in the database to 
alert the data user of the data limitations and the following actions will be taken. First, the QAO and 
PM or other designee will review the errors and determine if the problem is equipment failure, 
calibration/maintenance techniques, or monitoring/sampling techniques. The QAO, PM, or designee 
will suggest corrective action.  

If the problem cannot be corrected by training, revision of techniques, or replacement of 
supplies/equipment, then the technical advisor will review the DQOs and determine if the DQOs are 
feasible. If the specific DQOs are not achievable, they will determine whether the specific DQO can 
be relaxed or if the parameter should be eliminated from the monitoring program. Any revisions to 
DQOs will be reviewed by the project team prior to approval and QAPP revision. 

The database will continue to be maintained for 5 years after the completion of the Project. 
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1. Introduction 
This technical memorandum describes the procedures for verifying and validating data for the Red Creek 

Quarry (RCQ). These procedures will be followed during active mining and reclamation operations and are 

included in the quality assurance project plan (QAPP) for surface water and groundwater monitoring. 

The following procedures apply to inorganic parameters in surface and groundwater samples collected at the 

RCQ site. Analytical methods, preservation, method detection limits, and holding times are provided in the 

QAPP. 

Data verification and validation are performed to ensure that data are of sufficient quality to be used for en-

vironmental decision-making. The person completing the verification and validation will have knowledge of 

the QAPP, standard operating procedures, and other project planning documents, as necessary. 

2. Database Loading 
Prior to receiving the laboratory data package, the following steps are completed: 

• Verification of correct sample IDs, collection times, and requested analyses by reviewing and comparing 

laboratory receipts and login forms, chains-of-custody (COCs), and field and geochemistry lab notes. The 

temperatures of samples received by laboratory are also checked. 

• Preparation of the database, by entering sample collection information (ID, collection time, etc.) and field 

measurements (pH, flow, etc.) from field and geochemistry lab notes. This includes linking field duplicates 

to the appropriate associated sample. 

After the laboratory data package is received, the following steps are completed: 

• Preparation of laboratory-provided electronic data deliverable (EDD) for loading into database. The data-

base is set up with checks, so only recognized analytical methods, units, etc., can be uploaded. Preparing 

the EDD also involves catching any errors that may have been missed by the laboratory. 

• Loading of the prepared EDD into the database. During the data loading process, the laboratory data is 

merged with the field data. 

3. Data Verification 
The laboratory data package includes a pdf report and an EDD. After these are received, and the data is 

loaded into the database, a data verification report is produced from the database. The data verification re-

port is then compared to the COCs and laboratory report to verify the following: 

• The laboratory data has merged with the correct field data. 

• All expected analyses and results are present for each sample. 

• Any duplicate analytical results are properly coded to ensure that only the correct result will be reported. 

• The data has loaded correctly and all fields are correctly filled. 

• Numerical results and units in the database match the laboratory report (approximately 10 percent of re-

sults are checked) to ensure that the EDD and data loading processes have not compromised the data. 

Any issues that arise are resolved, and the database is updated with the corrected information. 
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4. Data Validation 
The analytical laboratory applies qualifiers to data based on the laboratory quality assurance plan. These la-

boratory-assigned qualifiers are reviewed by the data validator to determine if the laboratory-identified issue 

has affected data usability. The laboratory-assigned qualifiers are stored in the database and are not modi-

fied. As part of the data validation process, the data validator assigns additional qualifiers based on Environ-

mental Protection Agency guidance (2010), which is outlined in the following sections. The validation qualifi-

ers are also stored in the database. For reporting purposes, results are always reported with their associated 

validation qualifiers. Additional reason codes may be developed as necessary as the project database is pop-

ulated.  

Data validation consists of the following steps: 

• Review of sample receiving temperatures and holding times compared to sample handling requirements 

listed in the relevant QAPP. 

• Review of laboratory quality control (QC) results (blanks, spikes, duplicates, etc.) provided in the pdf re-

port, as well as a comparison of the detection limits against those requested. 

• Review of field duplicates, field equipment blanks, and geochemical laboratory equipment blanks com-

pared to the acceptance criteria listed in the relevant QAPP. 

• Review of calculated QC parameters including cation-anion balance and measured/calculated TDS ratio. 

During the validation process, qualifiers are assigned, if necessary, as described in Table 1. The valid data 

qualifiers that the data validator adds are defined as follows: 

U - Analyte was not detected at the detection limit concentration. 

J - Reported value is an estimated concentration. 

UJ - Analyte was not detected at an estimated detection limit concentration. 

R - This data was rejected and was not used for any purposes. 

UR - The analyte was not detected. The detection limit is unreliable and may be representative of a 

false negative. This data was rejected and is not usable for any purpose. 

These valid data qualifiers are mapped in the database to reason codes that identify why they were added. 

The valid reason codes that the data validator adds are defined as follows: 

1 - Holding time violation 

2 - Preparation blank (Method blank) contamination 

4H - Matrix Spike/Matrix Spike Duplicate or Analytical Spike/Analytical Spike Duplicate recovery 

outside limits (high bias) 

4L - Matrix Spike/Matrix Spike Duplicate or Analytical Spike/Analytical Spike Duplicate recovery 

outside limits (low bias) 

5 - Matrix Spike/Matrix Spike Duplicate or Analytical Spike/Analytical Spike Duplicate precision 

outside limits 

6H - Laboratory Control Sample recovery outside limits (high bias) 

6L - Laboratory Control Sample recovery outside limits (low bias) 

7 - Equipment blank contamination 

8 - Field duplicate precision outside limits 

9 - Other deficiencies (including cooler temperature) 

B - Laboratory Control Sample/Laboratory Control Sample Duplicate precision outside limits 

D - Laboratory duplicate precision outside limits 

E - Value exceeds linear calibration range 

T - Trace level compound, detected below the practical quantitation limit (PQL) 
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SOP-1 

Field Notes and Documentation  

Section 1: Objective 
The objective of this standard operating procedure (SOP) is to establish a consistent method and 

format for the use and control of documentation generated during daily field activities. Field notes 

and records are intended to provide sufficient information that can be used to recreate the field 

activities, as well as, the collection of environmental data.   Information placed in these documents 

and/or records shall be factual, detailed and objective. 

Section 2: Scope and Applicability 
This procedure will be used during all field activities, regardless of the purpose by all project team 

personnel and subcontractors who conduct field investigations. These activities may include, but are 

not limited to, all types of media sampling (soil vapor, soil, groundwater, wastewater, etc), utility 

clearance, well installation, sample point locating and surveys, site reconnaissance, free product 

removal, remediation, and waste handling. 

Section 3: Responsibilities 
The Project Manager (PM), or designee, will have the responsibility to oversee and ensure that field 

documentation is collected in accordance with this SOP and any site-specific or project specific 

planning documents.  The field sampling personnel will be responsible for the understanding and 

implementation of this SOP during all field activities, as well as, obtaining the appropriate field 

logbooks, forms and records necessary to complete the field activities.  Field personnel shall ensure 

all field activities are documented completely at the end of each field day.  Field personnel are 

responsible for tracking the location of all field documentation, including field logbooks.  Field 

personnel are responsible for assuring that the original documentation (or copies of the field log 

book, if needed for another project at the same site), are filed at the end of the field project or during 

a long project (greater than month) every couple of weeks. 

Section 4: Required Materials 
The materials required for this SOP include the following: 

• Bound field logbooks, and 

• Black waterproof and/or indelible ink pens 

• Field Forms 

Section 5: Procedures 
This SOP primarily includes the documentation procedures for the field logbooks.  However, 

procedures discussed in this SOP are applicable to all other types of field documentation collected 

and should be universal in application.  Details of other field records and forms (e.g., boring logs, 

sample labels, chain of custody records, and waste containment labels) are discussed in the specific 

SOP associated with that particular field activity (e.g., borehole drilling, sample handling, 
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investigative derived waste), and not covered in detail in this SOP.  Attachment A has example field 

sheets for groundwater sampling. 

5.1 Field Logbooks 

Field personnel will keep accurate written records of their daily activities in a bound logbook, or 

project specific work sheets that will later be bound, that will be sufficient to recreate the project 

field activities without reliance on memory.  This information will be recorded in chronological order.  

All entries will be legible, written in black waterproof or indelible ink, and contain accurate and 

inclusive documentation of field activities, including field data observations, deviations from project 

plans, problems encountered, and actions taken to solve the problem.  Each page of the field 

logbook will be consecutively numbered, signed and dated by the field author(s). Pages should not 

be removed for any reason. 

There should be no blank lines or partial pages.  Any blank part of a page should be lined to the end 

of the page at the end of the day.   

In addition to documenting field activities, field logbooks will include, but are not limited to, the 

following: 

• Date and time of activities,  

• Site location 

• Purpose of site visit, 

• Site and weather conditions,  

• Personnel present, including sampling crew, facility/site personnel and representatives 

(including site arrival and departure times),  

• Subcontractors present, 

• Regulatory agencies and their representatives (including phone numbers, site arrival and 

departure times), 

• Level of health and safety protection, 

• Sampling methodology and information, 

• Sample numbers or descriptions,  

• Sample Locations (sketches are very helpful), 

• Source of sample(s), sample identifications, sample container types and preservatives used, 

and lot numbers for bottles and preservatives (if applicable and if not recorded on other 

forms or in a sample control logbook), 

• A chronological description of the field observations and events,  

• Specific considerations associated with sample acquisition (e.g., field parameter 

measurements, field screening data, HASP monitoring data, etc.) (if not recorded on another 

form),  

• Wastes generated, containment units (including volumes, matrix, etc), and storage location 

(if not recorded on another form),  

• Field quality assurance/quality control samples collection, preparation, and origin (if not 

recorded on other forms or in a sample control logbook), 

• Physical or quantitative measurements.  

The manufacturer, model and serial number of field instruments (e.g., OVM, water quality, etc.) shall 

be recorded, if not using a calibration form.  Also, source, lot number and expiration date of standard 

shall be recorded if calibrated in the field. 

• Well construction materials, water source(s), and other materials used on-site (if not 

recorded on another form).  
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• Sample conditions that could potentially affect the sample results, 

• If deviating from plan, clearly state the reason(s) for deviation, 

• Persons contacted and topics discussed, 

• Documentation of exclusion zone set-up and location,  

• Documentation of decontamination procedures, and 

• Daily Summary.  

Field situations vary widely.  No general rules can specify the extent of information that must be 

entered in a logbook.  However, records should contain sufficient information so that someone can 

reconstruct the field activity without relying on the collector's memory.  Language used shall be 

objective, factual, and free of personal opinions.  Hypothesis for observed phenomena may be 

recorded, however, they must be clearly indicated as such and only relate to the subject observation. 

Logbooks will be assigned to a specific sampling team.  If it is necessary to transfer the log book or 

sheets to alternative team member during the course of field work, the person relinquishing the log 

book will sign and date the log book at the time of transfer.   

Field logbooks should consist of a bound book, in which the insertion or removal of pages will be 

visibly noticeable after the logbook has been assembled. Logbooks can be prepared by gluing or 

laminating pages together either at the left side or top of the page.  If inclement weather is expected, 

logbooks may have plastic laminated front and back covers to protect the interior pages, and should 

not be broken apart for copying. Loose-leaf binding, such as comb binding is not considered hard 

binding. To maintain the integrity of the logbook, pages should be consecutively numbered prior to 

use.  Logbook pages can be of any format, and may include blank pages for recording or field forms 

that are used for specific tasks. As an alternative, commercially bound and consecutive page 

numbered field logbooks may also be used. 

5.2 Photographs 

Photographs provide the most accurate demonstration of the field worker’s observations.  They can 

be significant to the field team during future inspections, informal meetings, and hearings.  

Photographs should be taken with a camera-lens system having a perspective similar to that 

afforded by the naked eye.  Telephoto or wide-angle shots cannot be used in enforcement 

proceedings.  Some industrial clients do not permit photographs on their sites.  In industrial and 

military settings, confirm with the project manager that photographs are allowed. 

A photograph must be documented if it is to be a valid representation of an existing situation.  

Therefore, for each photograph taken, several items shall be recorded in the field logbooks: 

• Date and time photograph taken; 

• Name of photographer; 

• Site name, location, and field task; 

• Brief description of the subject and the direction taken;  

• Sequential number of the photograph and the roll number; and  

• For digital photographs, ensure that the date and time settings in the camera are accurately 

set before taking pictures. 

5.3 Additional Field Forms/Records 

Additional field records may be required for each specific field event.  The use of these records and 

examples are described in other SOPs specific for the activity (e.g. Borehole Logging SOP, 

Groundwater Sampling and Purging SOP, etc.). These other records may include: 

• Borehole Logs during drilling 
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• Well Construction and Development records (groundwater, soil vapor, extraction, etc.), 

• Groundwater Purge and Sample Collection Records, 

• Soil Vapor Purge and Sample Collection Records, 

• Water Level Monitoring and Product Removal Records, 

• NAPL Removal Records,  

• Investigation Derived Waste (IDW) Tracking Records,  

• Instrument Calibration Records, and 

• Health and Safety Monitoring Records and sign-off sheets.   

Prior to field activities, the field sampling personnel will coordinate with the Project Manager, or 

designee, to determine which additional records will be required for the specific field task.  These 

additional records will be maintained in a field file or a three-ring notebook throughout the duration 

of the field activities or included in a specially prepared site-specific notebook.  If the field notebook 

is being created, the forms may be part of the laminated book. 

Section 6: Corrections 
If an error is made in the field, logbook corrections will be made by drawing a single line through the 

error, entering the correct information, and initialing and dating the change. Materials that obliterate 

the original information, such as correction fluids and/or mark-out tapes, are prohibited. All 

corrections will be initialed and dated.  Some projects require that a brief reason for the change 

must also be added where the correction was made.  Ask the Project Manager, if this requirement is 

necessary.  

Section 7: Documentation Reviews 
Periodically, the Project Manager, or designee, will review the field logbooks pertaining to the 

activities under their supervision.  The elements of this review will include technical content, 

consistency, and compliance with the project plans and SOPs. Discrepancies and errors identified 

during the review should be resolved between reviewer and author of the field documentation.  

Corrections and/or additions of information shall be initialed and dated by the field author or 

reviewer. 

Section 8: Field Record Backup 
Periodically, the Project Manager, or designee, will determine if and when field logbooks and records 

need to be photocopied.  Photocopies will be maintained in the project files and can be used as 

backup in the event that the original field logbook or records are lost or damaged.  In addition, the 

field logbook can be scanned and an electronic copy in .pdf format will be stored in the electronic file 

for the project. 

Section 9: Documentation Archive 
At the completion of the project, all original field logbooks and records will be stored in the project 

files in accordance with Brown and Caldwell procedures. Typically project files lifetimes are 

controlled and spelled out in contractual agreements with clients.  Typically, project files are archived 

after project finalization and kept indefinitely in archive 
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SOP-2 

Water Monitoring Equipment 

Calibration  

Section 1: Objective 
The objective of this Standard Operating Procedure (SOP) is to provide general procedures for the 

calibration of field instruments used during surface and groundwater field investigations.  These 

instruments are used for field screening and field measurements. 

Section 2: Scope and Applicability 
This general procedure will be followed during all field activities when field instruments are used for 

the collection of field data.  The general use and calibration of these instruments are discussed in 

this SOP and always should be supplemented (or superseded, if necessary) with the manufacturer’s 

calibration and maintenance instructions. 

Section 3: Responsibilities 
The Project Manager, or designee, will have the responsibility to oversee and ensure that field 

instruments are calibrated and that written documentation of calibration is maintained.   

The field sampling personnel will be responsible for understanding and implementing this SOP 

during all field activities, as well as, obtaining the appropriate field logbooks, field records, 

instruments, materials and calibration standards necessary to complete the field task.. 

Section 4: Required Materials  
The materials required for this SOP include the following: 

• Bound field logbooks, 

• Black or blue water proof and/or indelible ink pens, 

• Disposable nitrile gloves 

• Instrument calibration form(s),  

• Standard solutions, and materials and secondary collection containers, 

• Replacement batteries and parts (if applicable), and 

Instruments used during field activities may include, but are not limited to, the following: 

• Water quality instruments (e.g., pH, temperature, conductivity, dissolved oxygen [DO], turbidity, 

oxidation-reduction potential [ORP]) 

Section 5: Methods  
This SOP includes the general methods for field instrument calibration, calibration documentation 

and corrective action procedures that will be implemented during field activities.  Detailed 

instrument calibration procedures should be provided by the manufacturer and will be different for 
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each field instrument used.  Field personnel should be familiar with the calibration procedures prior 

to using the equipment in a field setting. 

Prior to field activities, it will be determined which instruments will be needed for the field activities.  

Some instruments may be available from an office equipment pool or from an equipment 

rental/supply company.  Field personnel should locate, order and coordinate delivery of the 

necessary instruments, standard solutions, and other necessary equipment and materials at least 

three days before the beginning of the field activities.  Consideration should be made for specialty 

instruments and materials that may take longer to obtain.   

Prior to field mobilization, instruments that will be used during the field activities will be checked for 

possible malfunctions, cleaned and calibrated.  Some equipment provided by a rental company is 

shipped pre-calibrated and a completed calibration sheet is sent with the equipment.  These 

activities will be conducted in accordance with manufacturer’s procedures, where applicable.  If 

manufacturer procedures are not available, standard acceptable calibration procedures will be used.  

Calibration verification will be performed on field instruments prior to their initial use, at least once 

daily, or whenever indications of instrument malfunction or questions in readings are observed.  

Some instruments, such as field water quality meters, may require more frequent calibration 

verification depending upon project quality objectives.  In general, instrument identification and 

calibration will include the following steps: 

1. Determine which instruments are needed for the specific field tasks; 

2. Obtain the necessary instruments and standard solutions for calibration; 

3. Check expiration dates on standard solutions, replace if out of date; 

4. Assemble the instrument and turn it on, allowing the instrument to warm up; 

5. Check battery charge, charge or replace if necessary; 

6. Clean the instrument (if necessary); 

7. Calibrate the instrument prior to field use in accordance with manufacturer’s procedures, 

and if necessary adjust the instrument to meet calibration specifications (this step is 

sometimes referred to as the initial calibration);  

8. If the instrument malfunctions and cannot be corrected, obtain another instrument and 

have the other repaired (see Section 7.0 for Corrective Action Procedures); 

9. Clean and decontaminate the instrument after use, and before storage; 

10. Conduct final calibration verification at the end of each day, or at completion of field 

measurement collection for the day;  

11. Document all calibration activities and results; and  

12. Recharge batteries at the end of each day or as needed. This should be carried out in a 

non-hazardous area. 

Some manufacturers recommend field calibration procedures that are inadequate for verifying 

instrument linearity and calibration range.  Some commercially-available water quality meters 

sometimes have a stock calibration mixture that is used during an “easy to conduct” calibration 

which consists of pressing a “calibrate” button on the instrument while the probes are in stock 

solution.  The problem with this calibration method is that it only provides a one point calibration.  

This is inadequate for the field measurements collected during water quality monitoring because of 

the wide range of conditions that may be encountered.  Instrument calibration and accuracy should 

be checked by using at least two different, commercially-available standard solutions over a range of 

values (e.g., pH buffers at 4, 7 and 10) to check that the meter is providing accurate readings over a 

range of conditions.  These solutions should be separate from any solution provided by the 

manufacturer. 



SOP-2 Water Monitoring Equipment Calibration  

 

 

4 

SOP-2_Equipment Calibration.docx 

5.1.1 Accuracy Requirements 

For an instrument to be considered calibrated and ready for use, the instrument must read within at 

least 10 percent (%) of the calibration standard.  If the instrument reads >10% difference from the 

standard, it should be recalibrated or taken out of service.  Consult the manufacturer’s instruction 

manual for more specific details on the instrument in use. 

Personnel responsible for the use of these instruments will read the manufacturer’s instruction 

manual and will be trained for the use, calibration, and maintenance of the instrument prior to 

instrument use.  The calibration, maintenance and use of these instruments will be conducted in 

accordance with the manufacturer’s specifications and procedures.  If instrument calibration cannot 

be met or if the instrument is malfunctioning, obtain another instrument and repair the 

malfunctioning instrument immediately (see Section 7.0 Corrective Action).  

5.1.2 Records 

A record will be maintained of the calibrations and calibration verification.  The records will include 

the following information, where applicable: 

• Date and time of activities,  

• Project name and number,  

• Personnel conducting the calibration, 

• Serial and/or meter numbers,   

• Instrument name and model number,  

• Standard solutions used, including concentration lot numbers and expiration dates, 

• Instrument readings after calibration, and 

• Instrument readings of calibration standards at the end of the day or working period. 

Calibration activities will be recorded in the field logbooks or on the Calibration Form. An example of 

this calibration record is included as an attachment.  This record can be modified as necessary to 

accommodate specific instruments.  Records of equipment repair and maintenance shall be 

recorded in the Instrument Calibration Field Book.  

5.1.3 Equipment Specific Procedure- Turbidity Meter 

Equipment necessary: 

• Turbidity Meter 

• 0.02, 10 and 1,000 NTU Manufacturer’s standard calibration solutions 

• Daily Calibration form. 

Calibration Procedure: 

1. Examine and clean (if necessary) cuvette to make sure that cuvette is free of smudges, 

scratches etc. 

2. Record the expiration dates of each of the three standard solutions to be used on Daily 

Calibration form.  

3. Index the three standard solutions by holding down the () button and slowly rotating the 

calibration standard one complete revolution (360º) pausing between increments to allow 

the display to update. 
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4. While rotating the standard, observe the turbidity reading and locate the cuvette position 

with the lowest turbidity reading. 

5. With the calibration standard positioned at the location having the lowest turbidity 

reading, install the Indexing Ring over the black light shield on the standard so that the 

pointer of the Ring aligns with the reference arrow on the instrument. 

6. Select the calibration function of the instrument by pressing the “CAL” button once.  The 

“CAL” icon will be illuminated on the display with “1000” flashing indicating the standard 

required for this step of the calibration. 

7. Insert the 1000 NTU standard into the sample well and press down until the cuvette 

snaps fully into the instrument.  Align the indexing ring with the arrow on the instrument. 

8. Press and hold down the () button while making fine adjustments to the indexing.  

Release the button to initiate the calibration.  

9. When the instrument has completed the calibration on the 1000 standard, it will briefly 

display 1000 to indicate that it was calibrated and then prompts for the 10 NTU standard 

10. Repeat steps for 10 and 0.02 NTU standards. 

11. When instrument has completed all calibration standards, the instrument returns to the 

read mode and is ready for use in the field. 

12. After calibration, read the standard solutions and record readings on daily Calibration 

Form. 

5.1.4 Equipment Specific Procedure- YSI 556 MPS 

Equipment necessary: 

• YSI 556 MPS Water Quality Instrument 

• 4.0, 7.0, 10.0 pH Buffer Solutions-pH 

• 447, 1413, 8974, 15,000 Conductivity Solutions-SC 

• 220 millivolt (mV) Standard Solution-ORP 

• Zero Oxygen Solution-DO 

• Rinse water 

• Daily Calibration form 

• Batteries 

• Conditioning solution containers 

• Waste Solution Collection container 

General Calibration Procedure: 

1. Plug data cable into port located on the bottom of YSI, turn on instrument by pressing ON 

button, allow instrument to warm up for approximately five minutes.  Observe battery 

status and change batteries if necessary.  

2. Fill out Daily Calibration form.  Record date and time of calibration and expiration dates of 

the standard solutions used in calibration.  Record the Unit ID, Serial Number, assigned 

user and person conducting the calibration. 

3. Use the transport/calibration cup that comes with the probe module as a calibration 

chamber for all calibrations.  Ensure that an o-ring is installed in the o-ring groove of the 
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transport/calibration cup bottom cap, and that the bottom cap is securely tightened.  Do 

not over-tighten as this could cause damage to the threaded portions. 

4. For maximum accuracy, use a small amount of previously-used calibration solution to pre-

rinse the probe module.  Old calibration standards are saved during the course of the 

event for the purpose of conditioning the probe before calibration.  Insert YSI probe 

module into calibration cup and swish.  Do not rinse the cup between the conditioning 

step and the calibration step.  The conditioning solution should never be used as 

calibration solution. 

5. Pour new calibration solution into calibration cup and ensure that there is enough solution 

to cover the probe that you are calibrating.  Many of the calibrations factor in readings 

from other sensors (ie: temperature sensor).  The top vent hole of the conductivity sensor 

must also be immersed during some of the calibrations.  Insert YSI probe module into the 

calibration cup with the calibration solution, tighten the cup and follow calibration steps 

below for each parameter.  

6. Rinse calibration solution cup and probe module at least three times with ambient-

temperature rinse water between each solution.  

7. Have several clean, absorbent paper towels or cotton cloths available to dry the probe 

module between rinses and calibration solutions. 

8. When calibration is finished, discard the last solution into glassware (to be saved as 

conditioner for next calibration or drift check) and add a small amount of water or pH  4 

solution to calibration cup.  Place probe module into calibration cup.  Damage may occur 

if the probes are allowed to dry.  Do not use distilled water. 

9. The key to successful calibration is to ensure that the sensors are completely immersed 

when calibration values are entered.  Use recommended volumes when performing 

calibrations. 

pH Probe 

pH is calibrated using three-point calibration standard solutions, usually 4.0, 7.0 and 10.00.  In very 

low pH situations, 2.0, 4.0 and 7.0 solutions can be used. 

1. Press the On/Off key to display the run screen. 

2. Press the Escape key to display the main menu screen. 

3. Use the arrow keys to highlight the Calibrate selection. 

4. Press the Enter key ().  The Calibrate screen is displayed. 

5. Use the arrow keys to highlight the pH selection and press Enter. 

6. Select “3 point” and Press Enter. 

7. For maximum accuracy, use a small amount of previously-used calibration solution to pre-

rinse the probe module. 

8. Place the correct amount of pH buffer into a clean dry or pre-rinsed calibration cup.  For 

pH, the approximate volume used is 30 milliliters (ml). 

9. Carefully immerse the sensor end of the probe module into the solution and gently rotate 

and/or move the probe module up and down to remove any bubbles from the pH sensor.  

The sensor must be completely submerged. 

10. Screw the calibration cup on the threaded end of the probe module and securely tighten. 



SOP-2 Water Monitoring Equipment Calibration  

 

 

7 

SOP-2_Equipment Calibration.docx 

11. Use the keypad to enter the calibration value of pH 7.0 solution at the current 

temperature and press Enter.  See table below for calculated pH values verses 

temperature. 

12. Allow at least one minute for temperature equilibration before proceeding. 

13. Observe the reading under pH, when the reading shows no significant change for 

approximately 30 seconds, press Enter.  The screen will indicate that the calibration has 

been accepted and prompt you to press Enter again to continue. 

14. Press Enter.  This returns you to the specified pH Calibration Screen. 

15. Rinse the probe module, calibration cup and sensors in tap or purified water and dry. 

16. Repeat steps above for pH 4.0 and 10.0. 

17. After the YSI has been calibrated for all three points of pH, press the Escape key until the 

main menu screen is displayed.  Select Run. 

18. Add 30 ml of pH 7.0 solution and observe the reading under pH when the reading shows 

no significant change for approximately 30 seconds.  Record the reading on the field form. 

19. Repeat this step for pH 4.0 and 10.0. 

 

Calculated pH  

Temperature pH Temperature pH Temperature pH 

ºC 4.00 ºC 7.00 ºC 10.00 

0 4.01 0 7.12 0 10.20 

10 4.00 10 7.06 5 10.06 

20 4.00 20 7.02 10 10.12 

25 4.00 25 7.00 15 10.08 

30 4.01 30 6.99 20 10.04 

35 4.01 35 6.98 25 10.00 

40 4.03 40 6.97 30 9.96 

60 4.09 60 6.98 35 9.92 

80 4.16 80 7.04 40 9.88 

90 4.22 90 7.09 50 9.80 

 

Specific Conductivity Probe 

Specific Conductivity is calibrated to a single calibration solution.  A standard solution below the 

calibrated solution and a standard solution above the calibrated solution are read and recorded on 

the daily calibration form.  For instance, calibrate to a 1413 solution and read/record a 447 solution 

and an 8974 solution. 

1. Press the Escape key to display the main menu screen. 

2. Use the arrow keys to highlight the Calibrate screen. 

3. Press the Enter key.  The Calibrate screen is displayed. 

4. Use the arrow keys to highlight the Conductivity selection.  Press Enter.  The Conductivity 

Calibration Selection Screen is displayed.   
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5. Use the arrow keys to highlight the Specific Conductance selection.  Press Enter.  The 

Conductivity Calibration Entry Screen is displayed. 

6. For maximum accuracy, use a small amount of previously-used calibration solution to pre-

rinse the probe module. 

7. Place the correct amount of conductivity standard into a clean, dry or pre-rinsed 

calibration cup.  For conductivity, the approximate volume is 55 ml.  The sensor must be 

completely immersed past its vent hole. 

8. Before proceeding, make certain that there are no salt deposits around the oxygen and 

pH/ORP sensors, particularly if you are employing standards of low conductivity. 

9. Carefully immerse the sensor end of the probe module into the solution and gently rotate 

and/or move the probe module up and down to remove any bubbles from the conductivity 

cell.   

10. Screw the calibration cup on the threaded end of the probe module and securely tighten. 

11. Use the keypad to enter the calibration value of the standard you are using.  Be sure to 

enter the value in milliSiemens per centimeter (mS/cm) at 25 degrees Celsius (ºC) (1413 

would be entered as 1.413). 

12. Press Enter.  The Conductivity Calibration Screen is displayed. 

13. Allow at least one minute for temperature equilibration before proceeding. 

14. When the reading shows no significant change for approximately 30 seconds, press Enter.  

The screen will indicate that the calibration has been accepted and prompt you to press 

Enter again to continue. 

15. After the YSI has been calibrated for conductivity, press the Escape key until the main 

menu screen is displayed.  Select Run. 

16. Add 55 ml of the standard solution that was used to calibrate and observe the reading 

under specific conductivity when the reading shows no significant change for 

approximately 30 seconds.  Record the reading on the field form. 

17. Repeat this step with a standard solution higher than the point that was calibrated and 

with a standard solution lower than the point that was calibrated.  Record the readings on 

the field form. 

ORP Probe 

ORP is temperature sensitive so the temperature reading will also be recorded on the Daily 

Calibration form. The ORP solution standard has a chart on the side of the bottle relating ORP values 

to Temperature.  It is the corresponding Temperature-ORP value that should be entered.  

1. Press the Escape key to display the main menu screen. 

2. Use the arrow keys to highlight the Calibrate screen. 

3. Press the Enter key.  The Calibrate screen is displayed. 

4. Use the arrow keys to highlight the ORP selection.  Press Enter.  The ORP calibration screen 

is displayed. 

5. Place approximately 30 ml of ORP solution into a clean, dry or pre-rinsed calibration cup. 

6. Carefully immerse the sensor end of the probe module into the solution and gently rotate 

and/or move the probe module up and down to remove any bubbles from the ORP sensor.  

The sensor must be completely immersed. 

7. Screw the calibration cup on the threaded end of the probe module and securely tighten. 
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8. Use the keypad to enter the correct value of the calibration solution you are using at the 

current temperature.  See table below for ORP values versus temperature (i.e. - 220 mV 

ORP standard @ 22°C = 223mV). 

9. Press Enter.  The ORP calibration screen is displayed. 

10. Allow at least one minute for temperature equilibration before proceeding.  Verify that the 

temperature reading matches the value that was used in the table. 

11. Observe the reading under ORP.  When the reading shows no significant change for 

approximately 30 seconds, press Enter.  The screen will indicate that the calibration has 

been accepted and prompt you to press Enter again to continue. 

12. Press Enter.  This returns you to the calibrate screen. 

13. After the YSI has been calibrated for ORP, press the Escape key until the main menu 

screen is displayed.  Select Run. 

14. Add 30 ml of ORP solution and observe the reading under ORP when the reading shows no 

significant change for approximately 30 seconds.  Record the reading on the field form. 

 

ORP versus Temperature 

Temperature ºC ORP 

-5 270.0 

0 263.5 

5 257.0 

10 250.5 

15 244.0 

20 237.5 

25 231.0 

30 224.5 

35 218.0 

40 211.5 

45 205.0 

50 198.5 
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Dissolved Oxygen (DO) Probe 

DO is calibrated to open air and then a Zero Oxygen Solution is read.  DO is pressure sensitive so the 

barometric pressure (found in the lower right side of instrument) reading will also be recorded on the 

Daily Calibration form.  The instrument must be on for at least 20 minutes to polarize the DO sensor 

before calibrating so this parameter is calibrated last. 

1. Press the Escape key to display the main menu screen. 

2. Use the arrow keys to highlight the Calibrate screen. 

3. Press the Enter key.  The Calibrate screen is displayed. 

4. Use the arrow keys to highlight the DO selection.  Press Enter.  The DO calibration screen is 

displayed. 

5. The current barometric pressure in millimeters of mercury (mmHg) will be visible on “Enter 

baro mmHg line”.  Press Enter to accept this value. 

6. Use the arrow keys to highlight the DO% selection.  Press Enter.  The DO Barometric 

Pressure Entry Screen is displayed. 

7. Place approximately three mm (1/8 inch) of water in the bottom of the calibration cup. 

8. Place the probe module in the calibration cup.  Make sure that the DO and temperature 

sensors are NOT immersed in the water. 

9. Engage only one or two threads of the calibration cup to ensure that the DO sensor is 

vented to the atmosphere.  Do not completely tighten the cup as the DO probe should be in 

a moisture saturated environment and still be allowed to equalize to atmospheric pressure.  

10. Press Enter.  The DO% saturation calibration screen is displayed. 

11. Allow approximately ten minutes for the air in the calibration cup to become water 

saturated and for the temperature to equilibrate before proceeding. 

12. Observe the reading under DO%.  When the reading shows no significant change for 

approximately 30 seconds, press Enter.  The screen will indicate that the calibration has 

been accepted and prompt you to press Enter again to continue. 

13. Place a small amount of Zero Oxygen Solution in calibration cup.  Place the probe module 

into the calibration cup.  Securely tighten and turn upside down so that the DO probe is 

submerged. 

14. Observe the reading under DO when the reading shows no significant change for 

approximately 30 seconds, press Enter.  The screen will indicate that the calibration has 

been accepted and prompt you to press Enter again to continue.  Record the reading on 

the Calibration Form.  Take care to keep the cap on the DO Zero Oxygen Solution to 

minimize contact with air. Discard Zero Oxygen solution that has been opened for more 

than two weeks. 

Section 6: Quality Assurance/Quality Control 
If an instrument cannot be successfully calibrated or if it is malfunctioning, the instrument will be 

repaired immediately.  If this occurs during the course of the field activities, it will be the field 

personnel’s responsibility to ensure that a replacement instrument is obtained as quickly as possible 

and that the Project Manager, or designee, is immediately notified.  Under no circumstances should 

field personnel continue with activities until a replacement or approval from the PM or their designee 

is obtained.  Instances of instrument failure and corrective actions taken will be documented in the 

field logbook.   
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Field instruments can be affected by changes in temperature, humidity, and barometric pressure. 

Instrument calibration should be checked when significant changes in weather occur.  In addition, 

instrument calibration should be checked if maintenance activities (e.g. battery replacement or 

probe replacement) are required, if instrument malfunctions occur, or when questionable readings 

are observed.  Calibration verification and recalibration activities shall be conducted and 

documented as outlined in Section 6.0.  

Verification readings (drift check) shall be completed at the end of each day or work period. When 

parameters ORP, DO, Turbidity and Specific Conductivity read + 10% different from the calibration 

standard, or when pH reads ∆ > 0.20, they will be flagged on field data forms “R” as rejected and the 

data shall not be used in data reports. 

Section 7: Records 
Corrections and reviews of calibration records will be completed in accordance with the SOP for Field 

Notes and Documentation.  Errors will be corrected by drawing a single line through the error, 

entering the correct information, initialing and dating the change.  Materials that obliterate the 

original information, such as correction fluids and/or mark-out tapes, are prohibited.  All corrections 

will be initialed and dated.   

Periodically, the Project Manager, or designee, will review the calibration records pertaining to the 

activities under their supervision.  These records will be reviewed to confirm that instrument 

calibrations are being conducted and documented.  Discrepancies and errors identified during the 

review should be resolved between reviewer and author of the calibration records.  Corrections 

and/or additions of information shall be initialed and dated by the field author or reviewer.. 

Section 8: References 
YSI Incorporated, 2004. YSI 556 MPS Multi Probe System Operations Manual.   

HF Scientific Incorporated, December 2009.  Owner’s Manual MicroTPI and MircroTPW Field Portable 

Turbidimeters.  Manual Part No. 24378 (1/09), Rev. 1.8. 

Section 9: Attachments 
Attachment A: Water Quality Equipment Calibration Form 
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Water Quality Equipment Calibration Form 
 

 

Project:        Date:       

  

Unit Name/ID:           Serial Number:      

  

Calibrated By:             

      

 

 

 

 Cal Std. 

Expiration 

Date 

Initial Calibration Re-Calibration Drift Check 

Temp. Time: Time: Time: 

Adjust Cal Read Cal Read Read 
Acceptable 

Performanc

e 

Begin Temp:        End Temp:  

pH (3-point)        + ∆ 0.2 

Buffer 2.0         

Buffer 4.0         

Buffer 7.0         

Buffer 10.0         

Conductivity        + 10% 

447 uS/cm --        

1413 uS/cm --        

8974 uS/cm --        

15,000 uS/cm --        

80,000 uS/cm --        

ORP         + 10% 

 220 mv         

@ Temp  --       

Dissolved Oxygen        + 10% 

Open Air mg/L  -- --       

Zero Oxy Std mg/L --       -- 

Barometer (mm Hg) -- --       

 

Turbidity Meter 
 

Unit Name/ID:           Serial Number:      

  

Calibrated By:          Assigned User:        

 Cal Std. 

Expiration 

Date 

Initial Calibration Re-Calibration Drift Check 

Time: Time: Time: 

Cal Read Cal Read Read 
Acceptable 

Performance 

Turbidity       + 10% 

0.02 Standard       -- 

10.0 Standard        

1,000 Standard        
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SOP-3 

Equipment Decontamination   

Section 1: Objective 
The objective of this standard operating procedure (SOP) is to establish consistent methods to reduce or 

eliminate: 

• Contamination and cross-contamination of environmental samples by sample equipment, other 

samples, or personnel. 

• Health and environmental risk caused by the spread of contaminants. 

Section 2: Scope and Applicability 
Decontamination should occur any time a sampling tool or instrument used in field investigations may 

contact sampled media or personnel using the equipment. This procedure will be used in conjunction with 

use of reusable equipment during field activities associated with handling, sampling, or measuring 

environmental media such as soil, groundwater, soil gas, or air.  These procedures are to be implemented 

primarily on-site such as at the point of use or at a designated equipment decontamination station at the 

project site. Equipment decontamination should be completed before each use and prior to transporting 

off-site. 

Examples of soil and groundwater sample collection equipment usually requiring decontamination 

includes pumps, bailers, water/interface level indicators, tubing, hand augers, split spoon samplers, and 

other related equipment used for the collection of samples or the measurement of field parameters.   

These procedures are general minimum standards.  They may be modified or supplemented for a specific 

project by site-specific workplans or health and safety plans. 

Section 3: Responsibilities 
The project manager is responsible for ensuring will have the responsibility to oversee and ensure that 

equipment decontamination procedures are implemented in accordance this SOP and any other site-

specific or project-specific planning documents. 

The field personnel are responsible for understanding and implementing this SOP during all field 

activities, as well as obtaining the appropriate field logbooks, forms, and records necessary to complete 

the field activities. 

The site safety officer, typically the supervising field manager, is responsible for overseeing the health 

and safety of employees and for stopping work if necessary to fix unsafe conditions observed in the field. 

Section 4: Definitions 
SDS. Safety Data Sheets. - These documents need to be kept on site and discuss the physical and 

toxicological aspects for a particular substance used during decontamination or encountered during 

contamination. 

Decontamination area.  - An area that is not expected to be contaminated and is upwind of the exclusion 

zone 
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Exclusion zone. -  The area in which contaminants are known or suspected to be present. 

Measurement/monitoring equipment. - Any equipment used to check or evaluate site conditions. 

Potable. - Drinkable. 

Sampling equipment. - Any equipment used during the process of sample collection. 

HASP. Site Health and Safety Plan. - Plan written to coordinate and outline precautions that will be taken 

to initiate and monitor worker safety. 

Section 5: Required Materials 
The equipment and supplies required for this SOP include the following (not every project will require all 

of these materials): 

• Clean buckets or tubs to hold wash and rinse solutions of a size appropriate to the equipment to 

be decontaminated. 

• Tap water. 

• Deionized or distilled water  

• Long-handled brushes for scrubbing.  Flat-bladed scrapers, garden type spray bottles (no oil 

lubricated parts). 

• Non-phosphate detergent such as Alconox or Liqui-Nox. 

• Plastic sheeting for the decontamination area. 

• Plastic bags and/or aluminum foil to keep decontaminated equipment clean until the next use. 

• Gloves, aprons, safety glasses, and any other PPE required in the HASP. 

• Towels and wipes. 

• Dispensing bottles. 

Section 6: Procedures 
Decontamination consists of physically removing contaminants from personnel or equipment.  To prevent 

the transfer of harmful materials, procedures have been developed and are implemented before anyone 

enters a site and continue throughout site operations. 

A decontamination plan should be based on the worst-case scenario (if information about the site is 

limited).  The plan can be modified, if justified, by supplemental information.  Initially, the 

decontamination plan assumes all protective clothing and equipment which leave the exclusion zone are 

contaminated.  Based on this assumption, a system is established to wash and rinse all non-disposable 

and non-dedicated equipment.  Decontamination plans will be site-specific and presented in the HASP 

and/or the work plan’s SAP/QAPP for each site. 

The decontamination area should be located, if possible, where decontamination fluids and soil wastes 

can be easily discarded or discharged after receipt of analytical results which determine if discharge 

parameters have been met.  Decontamination wastewater should be managed in accordance with the 

Investigation Derived Waste Plan or as directed in the SAP or QAPP.   

6.1 Decontamination Station Set-up 

A decontamination pad should be established for cleaning of heavy equipment or large sampling tools.  

This pad can be a prefabricated area that already exists on site for washing large equipment or can be 

constructed.  If a prefabricated area exists, it needs to have characteristics that allow for collecting fluids 
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and solids that will fall off the large equipment.  Decontamination pads can be constructed in a variety of 

ways, but things to consider during construction are the following: 

The pad will need to be constructed so it provides complete secondary containment.  Hence all sides will 

require berms to prevent off pad migration of fluids. The berms need to be constructed by considering the 

balance between sump pump removal rates and the amount of fluid that will be generated. 

Fluids from decontamination processes cannot escape and be directly discharged vertically into the 

ground; hence if plastic sheeting is used it should be minimally double layered and thick (greater than 8 

mil). 

The pad will have to drain in one general direction where a sump pump can collect fluids. The pad will 

need to be located near power and water, if possible.  However, a generator can supply power and water 

can be trucked in.  

For small equipment decontamination and PPE decontamination a smaller station is established, usually 

in the contaminant reduction zone, between the exclusion zone and buffer zone. For this station, clean 

buckets or tubs (5 gallon buckets are most common) should be used.  There should be enough room 

within this area for storing used and unused drums. Buckets should be placed on plastic sheeting to 

prevent spillage to the ground, and to help keep the decontamination area and equipment as clean as 

possible. The buckets should be filled half to three-quarters full as follows: 

• Bucket 1 - Tap water with non-phosphate detergent such as Liqui-Nox made up as directed by the 

manufacturer. 

• Bucket 2 - Tap water or deionized water for rinsing 

• Bucket 3 - Deionized or distilled water for the second rinsing 

1) If additional rinses using wash or dispensing bottles are called for in the project-specific documents, 

an additional bucket to catch the discharge from the final rinse will be necessary. 

2) A clean area, generally covered with plastic sheeting or large clean plastic bags, is also needed to set 

down decontaminated equipment prior to reuse or air drying and packaging for later use. A stainless 

steel rack (e.g., grill for barbecue) can often help drying activities. 

3) After the decontamination area is set up, equipment decontamination is comprised of four general 

steps: 

4) Removal of gross (visible) contamination 

5) Removal of residual contamination 

6) Prevention of recontamination, and 

7) Disposal of wastes associated with the decontamination 

6.2 Remove Gross Contamination 

Gross contamination generally applies to soil sampling equipment, which may have significant residue 

clinging to the piece of equipment. This can be removed by dry brushing or scraping or by a high-pressure 

steam or water rinse often, in areas not grossly contaminated, steam washes may be all that is applied to 

larger equipment, such as drill casings. If utilizing high-pressure steam or water, the rinse water should be 

containerized as investigation derived waste. Since a significant amount of wastes may be generated, this 

operation is often best conducted on a decon pad, which has been designed as a secondary containment 

area to collect wastes.  Materials used and generated during gross contamination removal should be 

treated in a similar fashion to the waste stream that is being utilized at the Site.  For example, if 
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groundwater is treated as hazardous waste at the site then decontamination water and/or drill cutting 

should be treated as hazardous waste and be properly disposed.  Disposal of investigative derived waste 

should follow procedures outlined in the project specific documents.     

6.3 Remove Residual Contamination 

All sampling equipment used at the site must be cleaned prior to any sampling effort, after each sample 

is collected, and after the sampling effort is accomplished. 

6.3.1 Removal of residual contamination consists of the following steps: 

Place the item in the first bucket (detergent wash) and scrub the entire surface area of each piece of 

equipment to be decontaminated. Utilize scrub brushes to remove all visible contamination.  For 

submersible pumps, connect a length of tubing (dedicated to the cleaning process) to the pump and 

place the other end in the bucket and circulate the detergent wash water through the pump until the 

water runs clean or at least 1 minute. Change the water periodically to minimize the amount of residue 

carried over into the second rinse. 

Place the item in the second bucket (clear water rinse – tap or deionized water) and rinse.  Change the 

water periodically to minimize the amount of residue carried over into the third rinse. Recirculate rinse 

water through the submersible pump for at least 1 minute. 

Place the item in the third bucket (deionized or distilled water) and repeat the rinsing procedure.  Change 

water as necessary. 

Unless the Work Plan or FSP directs additional rinses, place the item on a clean surface such as plastic 

sheeting to await reuse or packaging for storage (e.g., wrapping foil). 

Wash water and materials from residual decontamination should be treated in a similar fashion to the 

waste stream that is being utilized at the Site.  For example, if groundwater is treated as hazardous waste 

at the site then decontamination water and/or drill cutting should be treated as hazardous waste and be 

properly disposed.  Disposal of investigative derived waste should follow procedures outline in the project 

specific documents.    

6.4 Prevent Recontamination After Decontamination 
After the decontamination process, equipment should be stored to preserve its clean state to the extent 

practical.  The method will vary by the nature of the equipment.  Protection measures include covering or 

wrapping in plastic or sealable plastic bags or wrapping with oil-free aluminum foil. 

Section 7: Record Keeping 
The decontamination method should be documented within the field documentation designated for the 

project. Entries documenting the procedure used, fluids used, lot numbers for fluids, and any changes 

and approval for changes should be entered into a bound field notebook or on project-specific forms (see 

Field Notes and Documentation SOP for field forms).  Upon completion of the field activity, it is the 

responsibility of the field personnel to ensure the project/task manager receives copies of all of the field 

documentation. 

Section 8: Quality Assurance/Quality Control 
Quality assurances for sample handling centers upon following procedures outlined above and double 

checking as samples are collected. Checks should be performed either by field personnel, or preferably, 

by a project chemist or other personnel that constantly checks field COC forms versus laboratory receipt 
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acknowledgment forms, discusses condition of samples as received by laboratory personnel, and 

communicates constantly with the laboratory project manager to prevent quality assurance issues from 

starting or becoming significant problems should they occur. 

 



 

 

 

 

 

 

 

 

 

 

 

 

SOP-4 

Sample Preservation 

 

Standard Operat ing  Procedure  

 

Revised February  2022 



 

 

1547 Cole Blvd. Suite 200 

Lakewood, CO 80401 

 

SOP-4 

Sample Preservation 

Standard Operat ing  Procedure  

 

Revised February  2022 

 

 

 



 

 

 

 

i 

SOP-4_Sample Preservation.docx 

Table of Contents 

Sample Preservation ................................................................................................................................................. 1 

Section 1: Objective .................................................................................................................................................. 1 

Section 2: Scope and Applicability ........................................................................................................................... 1 

Section 3: Responsibilities ....................................................................................................................................... 1 

Section 4: Definitions ............................................................................................................................................... 1 

Section 5: Required Materials .................................................................................................................................. 2 

Section 6: Methods ................................................................................................................................................... 2 

Section 7: References .............................................................................................................................................. 3 
 

 
 

 

 

 

 

  

 



 

 

 

1 

SOP-4_Sample Preservation.docx 

SOP-4 

Sample Preservation 

Section 1: Objectives 
The objective of this standard operating procedure (SOP) is to establish procedures that allow the 

chemical integrity of a sample to be maintained from time of collection until chemical analysis. 

Section 2: Scope and Applicability 
This SOP documents the procedures and chemicals to be used for the preservation of aqueous field 

samples. These procedures apply to all project team personnel and subcontractors involved with the 

collection, shipping, and chemical analysis of groundwater samples. 

Section 3: Responsibilities 
The project manager (PM) (or designee) shall ensure that the sampling procedures used, including 

provisions for proper storage, preservation, and shipping, are adequate to maintain sample integrity 

until custody is assumed by the laboratory. The PM shall develop or direct the preparation of a 

detailed sampling plan for sampling water, which shall describe the procedures used to preserve 

samples during the interval from sampling until receipt by the laboratory. 

The project quality assurance officer (QAO) (or designee) shall ensure the samples are collected in 

terms of the analytical methods and in compliance with sampling protocols. The field supervisor is 

responsible for maintaining adequate supplies of containers and preservatives. The PM will 

determine the roles and personnel for each project. 

The field supervisor (or designee) shall be responsible for ensuring the competence of field sampling 

personnel and their training. The field supervisor shall ensure that specified preservation and 

storage procedures are followed during sampling and during shipment to the laboratory. The field 

sampling personnel will be responsible for the understanding and implementation of this SOP during 

all field activities. Field personnel are also responsible for checking the collected samples and 

verifying that they are preserved with the prescribed range. 

Section 4: Definitions 
Maximum Holding Time. Maximum holding time is the maximum length of time that may elapse 

before sample preparation (e.g., extraction or digestion) or analysis is completed. It is calculated 

from the date and time of collection in the field. Holding times are usually measured to the nearest 

day with the exception of those analyses that must be completed within 24 or 48 hours. 
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Preservation. Preservation refers to temperature control and/or pH adjustment procedures 

performed to prevent or slow the loss of target analytes through precipitation, volatilization, 

decomposition, or biodegradation. 

Temperature. Temperature is defined as the temperature within the refrigerator, cooler, or ice chest 

that holds the samples. Samples shall be held at 6 degrees Celsius (°C) or less. 

Section 5: Required Materials 
The materials required for this SOP include: 

• Bound field logbooks 

• Black or blue waterproof and/or indelible ink pens 

• Field forms 

• Chain-of-custody (COC) forms 

• List of requested analyses 

• Sample labels 

• Packaging tape 

• Bubble wrap (provide by Pace Analytical, LLC [Pace] and placed in the bottom of the cooler) 

• Ice or ice packs 

• Large plastic (e.g., Ziploc®) bags or large trash bags 

• Shipping label(s) 

Section 6: Methods 
Proper communication between the PM (or designee) and the analytical laboratory is essential prior 

to sampling, preferably in writing. This is necessary so that the proper type and number of containers 

and preservatives can be specified, and all technical and regulatory requirements can be met 

regarding the analyses. 

The QAO (or designee) should coordinate in writing with the laboratory typically 2 weeks before the 

sample container kits are to be shipped from the lab to identify the analytes to be requested. The 

information exchange between the QAO (or designee) and field personnel include the project 

identification, sample kit shipment address, quality assurance/quality control (QA/QC) regulatory 

requirements, required turnaround requirements, and the number and type of laboratory analyses. 

Most chemical and biological reactions and many physical processes are slowed by lowering the 

temperature. As a general rule, all samples need to be cooled at the time of collection and 

maintained slightly above freezing until preparation for final analysis. 

Aqueous samples may be presumed to be homogenous and amenable to chemical preservation. The 

following general approaches for chemical preservation shall be employed depending on the 

analyte(s): 

• Volatile acids (hydrogen cyanide [HCN], hydrogen sulfide [H2S]) are rendered involatile in the 

presence of a strong base (sodium hydroxide [NaOH], pH greater than 12.0) 

• Volatile bases (e.g., ammonia) are rendered involatile in the presence of strong acid (sulfuric 

acid [H2SO4], pH less than 2.0) 
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• Biodegradation of organic compounds is retarded under strongly acidic conditions (hydrogen 

chloride [HCl] or H2SO4, pH less than 2.0) 

• Dehydrohalogenation (loss of HCl) of chlorinated solvents is counteracted in the presence of acid 

(HCl, pH less than 2.0) 

• Oxidation of target analytes by the chlorine found in drinking water is eliminated by destroying 

the chlorine with a reducing agent such as sodium thiosulfate 

Many soluble metal salts tend to adhere to the walls of the container or form precipitates with time. 

This can be prevented by the addition of nitric acid to a pH of less than 2.0, which maintains the 

metals as soluble nitrate salts. Groundwater samples for dissolved metals analysis are filtered 

(usually with an 0.45-micron filter) before preservation with the appropriate preservative. The filtrate 

is added directly to the plastic container, which has been supplied with the proper amount of 

preservative. 

The required chemical preservatives for aqueous samples will normally be added to the appropriate 

containers by the subcontracting laboratories before delivery to the field. There are two reasons why 

already-preserved containers are preferred. First, the laboratory scheduled to perform the analysis 

maintains control over sample integrity and container cleanliness; second, field crews are generally 

not equipped to appropriately handle hazardous chemicals like hydrochloric acid.  

Sufficient ice chests and quantities of ice to manage all samples collected during the day (or shift) 

shall be maintained at the sampling site. Samples are maintained on ice, or if available in 

refrigerators at 6°C or less, from the time the sample control manager assumes custody until the 

samples are packed for shipment and relinquished to the shipper or other transport agent. All 

samples are shipped in ice chests packed with sufficient ice to maintain a temperature range of 6°C 

for at least 24 hours.  

Analyses with associated containers, preservatives, and holding times must be provided in project-

specific planning documents. 

Section 7: Quality Assurance/Quality Control 
Required chemical preservatives will be provided by the subcontracting laboratories in pre-preserved 

bottles or in separate containers that are added following sample collection. Field personnel shall  

The receiving laboratory will measure the temperature within the ice chest immediately upon 

assuming custody of a shipment of samples. This temperature will be noted on the lab sample 

receipt form. Temperatures in excess of 6°C will be reported immediately to the project QAO. After 

consultation with the PM, the QAO will communicate whether re-sampling is necessary. Laboratories 

will check the pH of incoming samples to ensure that they have been properly preserved. If 

additional acid must be added to the samples by the lab, it shall notify the project manager or field 

supervisor and the samples must sit for an additional 18 hours before analysis.  

Section 8: Documentation and Recordkeeping 
Sample preservatives should be identified on the chain of custody form. 
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SOP-5 

Groundwater Well Water Level 

Measurement 

Section 1: Objective 
The objective of this standard operating procedure (SOP) is to provide the methods to be used for the 

consistent measurement of groundwater elevations in site monitoring wells. 

Section 2: Scope and Applicability 
This procedure is intended for the field acquisition and documentation of monitoring well water level 

data, measured as the depth to water from a surveyed reference point elevation. Groundwater levels 

may be monitored continuously using electronic data loggers and pressure-sensitive transducers, or 

obtained manually with a water level indicator or steel surveyor tape, at a prescribed frequency (e.g., 

weekly, monthly, or quarterly). 

During a field investigation, groundwater levels may be obtained in association with monitor well 

development, purging and sampling, or aquifer testing. Successive measurements of groundwater 

levels over time in association with a long-term monitoring program may be used to assess seasonal 

and/or diurnal fluctuations, as well as the effects of any pumping wells on groundwater flow 

direction and gradient. 

Section 3: Responsibilities 
The project manager is responsible for ensuring that groundwater measurements are implemented 

in accordance with this SOP and any other site-specific or project-specific planning documents. 

The field personnel are responsible for understanding and implementing this SOP during all field 

activities, as well as obtaining the appropriate field logbooks, forms, and records necessary to 

complete the field activities. 

The site safety officer, typically the supervising field manager, is responsible for overseeing the 

health and safety of employees and for stopping work if necessary to fix unsafe conditions observed 

in the field. 

Section 4: Definitions 
Hydrograph. A plot of monitor well water level elevation versus time. 

Potentiometric Surface. The level to which water will rise in a cased well under atmospheric pressure 

conditions. 

Reference Point: Survey marker at the top of the well casing, or other selected point, at which a 

water level is to be measured from. 
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4.1 Required Materials 

Planning for a groundwater-level monitoring event entails assessing, selecting, and testing the types 

of equipment and supplies necessary to perform the scope of work. Listed below are the basic types 

of equipment and supplies used for the measurement of water levels. 

4.2 Manual Measurement 

The following materials are necessary for performing manual groundwater measurements: 

• Water level indicator (two-wire electrical sounder or conductivity meter), equipped with a 

sufficient length of cable to reach the deepest anticipated water level; the cable should be 

graduated into 0.01-foot intervals 

• Extra batteries for the water level indicator 

• Field forms (see Attachment A)  

• Decontamination supplies (e.g., Alconox or other non-phosphate detergent, deionized or distilled 

water, brush, plastic bucket, clean spray bottles, paper towels, and clean plastic sheeting) used 

for decontamination of the water level indicator, interface probe and cable, or steel tape 

• Keys for locked protective casings 

• Tools (e.g., wrenches), as needed, to enter well vault boxes 

• Health and safety monitoring equipment 

4.3 Continuous Measurement 

The following materials are needed for conducting continuous measurements of groundwater levels: 

• Electronic data logger (with the appropriate number of channels, a function of the number of 

wells to be monitored simultaneously). 

• Communications cables for dedicated downhole equipment, if applicable. 

• Laptop computer for downloading data. 

• Water level indicator (as described above). 

• Pressure-sensitive transducers and barometric pressure transducer compatible with both water 

quality and anticipated pressure-sensitivity ranges in a given well  

• Decontamination supplies (as described above). 

• Keys for locked protective casings. 

Section 5: Procedures 
Groundwater-level measurements in monitoring wells shall be obtained manually using a two- 

conductor, battery-powered water level indicator (e.g., electrical sounder or conductivity meter) or 

steel surveyor tape. Continuous water level measurements may be obtained using a pressure 

transducer capable of storing measurements internally for periodic download. Monitoring of water 

levels will be conducted during groundwater sampling events, and at scheduled times during the 

field season. When water levels are measured during sampling events, the measurement will be 

collected before beginning any purging or water sampling activities. 
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5.1 Preparation for Water Well Water Levels 

In preparation for a monitoring event, the geologist/environmental engineer shall review the site- 

specific planning documents to obtain the following information: 

• The identification number(s) of the well or wells to be monitored 

• The locations of the wells as shown on a site map 

• Records listing the most recent water level measurements for the well(s) (if available) 

• Well access requirements (e.g., permission of owner, locked gates, locked wells, and road 

conditions) 

• Reference point (i.e., measuring point [MP]) information (e.g., elevation of casing and location of 

reference point) 

• The types of equipment needed to perform the scheduled monitoring activity 

• Calibration requirements for the equipment (if applicable) 

• Health and safety considerations, as appropriate 

Prior to water level measurements, an MP will be identified for each well and/or piezometer. The MP 

will be located on the north side of the top of well casing. The MP will be marked with a notch in the 

casing or marked with a permanent marker. This MP elevation will be surveyed by a licensed 

surveyor and will reference this elevation to an appropriate datum (i.e., above mean sea level). A well 

monitoring form, or similar form, shall be used to record groundwater level measurements and 

supporting information. In addition, fluid level measurements should be recorded in a bound field 

notebook. 

5.2 Review of Existing Data 

The geologist/environmental engineer may elect to prepare a hydrograph with the groundwater level 

data available for each well (or update an existing hydrograph) prior to going to the field. A 

hydrograph provides a visual record of groundwater level fluctuations over time. A hydrograph can be 

useful to identify any water level measurements that appear anomalous because of changes in 

conditions (e.g., a groundwater level rise because of a rainfall event or events, or a drop in water 

level because of the initiation of pumping at a nearby well). 

If groundwater levels are obtained at a regular frequency (e.g., monthly or quarterly), the 

geologist/environmental engineer may plot groundwater elevation contour maps based on the data 

obtained during each monitoring event at a given site. Changes in the interpretation of the 

potentiometric surface configuration may be readily observed when the contour maps are compared, 

and may be indicative of a change(s) in conditions in the hydrogeologic regime. 

5.3 Well Inspection 

Prior to obtaining a water level in a given well, its condition shall be inspected. Any signs of 

vandalism, unauthorized entry, or settlement and/or ponding around the well surface completion 

shall be noted. 

5.4 Manual Water Level Measurement 

Prior to measuring depth to water, the well cover shall be removed and left off for at least 3 minutes 

prior to conducting measurements. Indications of air movement in or out of the well should be noted. 
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The probe of the electric water level indicator shall be lowered into the riser casing until water is 

encountered, as indicated by the instrument signal. The water level is then measured with respect to 

the “top-of-casing” reference point and entered on the field log. Two additional water level 

measurements shall be made to verify the initial reading obtained. It is good practice to visually 

inspect the measuring tape/probe to ensure that it is not missing sections and the numbers are 

accurate. The electric water level meter shall be calibrated at least once during and prior to each 

data collection event by comparison to a steel surveyor’s tape. 

The water level measurement shall be compared to the most recent water level obtained for the well 

(if any). If the measurements differ by more than 0.5-foot, the depth to water shall be measured a 

second time for verification purposes. A remark shall be made on the field log if a probable cause for 

the discrepancy is known (e.g., rainfall event, or startup of a nearby pumping well). 

Field measurements of water levels for a given well shall be recorded on the field form, including the 

following information: 

• The type of measurement device used 

• Date and time of the measurement 

• Any pertinent remarks concerning the well condition, instrument malfunction, variation of the 

sounded depth versus the installed depth of the well, etc. 

5.5 Continuous Water Level Measurement 

Continuous water level data may be required for certain field investigation activities. Dedicated 

pressure transducers equipped with internal memory to store water level readings are typically used 

for continuous water level measurement on a short-term (e.g., aquifer test) or long-term (i.e., multi-

year) basis.  

5.5.1 Equipment Installation 

The pressure transducer cable shall be installed by the geologist/environmental engineer in 

accordance with the manufacturer's instructions. The transducer cable shall be lowered into the well 

and secured with plastic tie strips to the riser casing or protective well casing. The cable shall be 

positioned such that it does not interfere with closing and locking of the well protective casing; the 

cable shall be positioned such that it is not pinched.  

5.5.2 Data Retrieval and Reduction 

Data from the transducers are downloaded on a regular basis (ex. quarterly), typically concurrent 

with the groundwater well water quality sampling events.  Manual water level and the depth to water 

indicated on the transducer at the time of manual measurement should be recorded for comparison.   

Instructions for data download are specific to each brand of pressure transducer equipment.  The 

instruction manuals in Attachment A are specific to the site equipment being used, the software for 

the type of transducers, and methods for data reduction. 

 

Section 6: Quality Assurance/Quality Control 
To promote consistency of data, water level measurements in a given well should be obtained with 

the same measuring device as used during previous monitoring events. 
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As a quality assurance/quality control (QA/QC) check on the accuracy of pressure transducer water 

level measurements, periodic manual measurement of water levels shall be performed as a check 

on the water level data readings from a pressure transducer.  

Section 7: Records 
The geologist/environmental engineer shall submit copies of water level forms to the project 

manager (or designee) immediately following the monitoring event for checking and revision 

purposes. The project manager (or designee) shall review and transmit the completed forms for 

incorporation into the project file. 

Section 8: References 
American Society of Testing and Materials (ASTM). 1988. D 4750-87. Standard Test Method for Determining 

Subsurface Liquid Levels in a Borehole or Monitoring Well (Observation Well). 

U.S. Environmental Protection Agency (EPA). 1986. RCRA Groundwater Monitoring Technical Enforcement 

Document, OSWER-9950.1. 

EPA. 1987. A Compendium of Superfund Field Operations Methods, EPA/540/P-87/001. 

Section 9: Attachments 
Attachment A: Transducer Instruction Manuals  
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SOP-6 

Groundwater Quality Sampling  

Section 1: Objective 
The primary objective of this standard operating procedure (SOP) is to establish a uniform method 

for the monitoring and collection of representative groundwater samples from monitoring wells 

and to reduce the potential variability associated with purging and sampling. A further objective is 

to provide a detailed technical resource that can be used both for preparing detailed field 

sampling plans and for training. 

Section 2: Scope and Applicability 
This SOP will be used to support groundwater monitoring programs and conduct the field 

groundwater sampling activities. Groundwater sampling involves two primary operations: (1) purging 

stagnant water from a well, followed by (2) the collection of a sample from the same well. 

Groundwater sampling variables can be significantly controlled through the appropriate selection 

and use of purging and sampling equipment and through the use of procedures that are described in 

this SOP.   

The methods described in this SOP have been developed in general conformance with the 

Environmental Protection Agency (EPA) Region 4 Groundwater Sampling SOP (EPA, 2017a), EPA 

Region 1 Low Stress (low flow) Purging and Sampling Procedure (EPA, 2017b), and applicable 

American Society for Testing and Materials (ASTM) standards including D4448 “Standard Guide for 

Sampling Ground-Water Monitoring Wells” and D6452 “Guide for Purging Methods for Wells Used for 

Ground-Water Quality Investigations”. 

Section 3: Responsibilities 

The project manager is responsible for ensuring that the project involving groundwater sampling is 

properly planned and executed and that the safety of personnel from chemical and physical 

hazards associated with the sampling is provided for.  The field staff is responsible for conducting 

the sampling and to ensure that the project specifications defined in the project-specific planning 

documents are followed and that pertinent data are recorded on appropriate forms and in the field 

notebook. The site safety officer, typically the field geologist or engineer, is responsible for 

overseeing the health and safety of Brown and Caldwell employees and for stopping work if 

necessary to fix unsafe conditions observed in the field. 

Section 4: Definitions 
Dedicated equipment: Sampling equipment such as pumps and tubing that are either permanently 

installed or otherwise exclusively used in a single well. 

Project-specific planning documents: Additional documents that are developed on a project by 

project basis that should be used in coordination with this and other SOPs. Examples include work 

and quality plans, laboratory scopes of work, and health and safety plans. 
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Stabilized water level: For purposes of determining the minimum purge volume during low-flow 

purging, a stabilized water level is the level at which drawdown ceases or becomes less than 0.3 feet 

as pump rates are adjusted. 

Wellhead: The topmost portion of a well casing that provides access to the well. The well head, 

typically surveyed to allow water level elevation calculations, is the general access point for the well 

where sample ports, and pump discharge manifolds are located. 

Section 5: Required Materials  
Materials required for conducting groundwater sampling are variable depending upon the method 

chosen to conduct the sampling. The listing of materials is separated into two parts in this SOP. This 

section presents materials that are general in applicability—items that should be included regardless 

of sampling method. In Section 6, where specific methods and approaches are discussed, additional 

materials are listed. General materials that should be considered regardless of method are as 

follows: 

• Well completion forms, project-specific planning documents (if applicable),and data from 

previous sampling efforts (if available) 

• Water level indicator (steel tape) or water level meter (electronic) 

• Decontamination supplies (5-gallon buckets, decontamination fluids, and squirt bottles) 

• Water quality monitoring equipment with flow-through cell 

• Purge water collection containers 

• Graduated measuring container (low-flow purging) and/or 5 gallon bucket graduated to one 

gallon increments (three to five well volume purge) 

• Permanent marking pens 

• Field logbook 

• Field forms (electronic and/or hard copy) 

• Calculator 

• Measuring tape 

• Tools or keys, as needed, for locked protective casings  

• Shipping labels and chain-of-custody (COC) forms 

• Shipping coolers and ice 

• Filters (0.45 micron [μm]), if appropriate 

• Plastic garbage bags, Ziploc® storage bags, roll of plastic sheeting 

• Tool kit including assorted basic tools, tubing cutters, wire cutters, hose clamps, waterproof 

connectors, wire ties, hose fittings, assorted pipe nipples and adapters, etc 

Section 6: Groundwater Sampling Methods  
This section describes the groundwater sampling methods. 

6.1 General Considerations 

Good communication is essential to the ultimate success of a groundwater sampling project. Good 

communication with the project team, laboratory, client, and—if appropriate—regulatory agencies, 

includes complete project-specific planning documents such as field sampling plans, quality 
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assurance project plans (QAPPs), and scope-of-work documents for subcontracted laboratories. 

Plans should include detailed information with respect to site-specific requirements, with reference 

to SOPs wherever possible, and risk criteria that will be used to assess the data. The QAPP and 

laboratory scope of work (of which the QAPP can be part) should contain detailed information 

detailing what is expected from the laboratory regarding the methods to be used, quality assurance 

(QA) and calibrating corrective measures, and deliverables—especially electronic deliverable formats. 

In addition to good communication, the project plans should consider sampling equipment, sampling 

sequence, and field quality assurance/quality control (QA/QC) samples. 

6.1.1 Dedicated and Disposable Equipment 

Use of dedicated and new disposable purging and sampling equipment is preferable to 

decontamination of reusable sampling equipment. Dedicated equipment and the use of new, 

disposable equipment eliminates cross-contamination between samples caused by incomplete 

decontamination. Dedicated equipment can also increase sampling efficiency through the 

elimination of the need to decontaminate and redeploy equipment for successive sampling. 

Furthermore, dedicated equipment can also help to reduce the physical handling of the equipment 

that can cause sample contamination through contact with potentially contaminated surfaces. New, 

disposable equipment may need to be decontaminated before use. Review project-specific planning 

documents regarding the decontamination of disposable equipment. 

6.1.2 Equipment Decontamination 

Any equipment that will come in contact with the sample must be decontaminated prior to and after 

each use. This is necessary to minimize inadvertent contamination of the sample. Decontamination 

is necessary in conjunction with reusable or non-dedicated equipment but is not required for 

dedicated equipment used during field activities associated with groundwater monitoring and 

sampling. This can be completed in the office prior to mobilizing to the field for the first sampling 

well. 

Equipment decontamination procedures are described in the Equipment Decontamination SOP. 

Additional site-specific decontamination procedures may be specified in project-specific planning 

documents. 

6.1.3 Sequence of Sampling 

Wells that are sampled with non-dedicated equipment should always be conducted in a sequence 

that proceeds from wells containing the lowest concentrations to wells containing the highest 

concentrations, where feasible. Sampling in this order will further minimize the likelihood of sample 

cross-contamination that can be caused through improper handling or equipment cleaning. If water 

quality is not known, the wells upgradient of a suspected source area should be sampled first, 

followed by the wells farthest away and cross-gradient or downgradient. 

6.1.4 Planning Phase 

The planning phase should include the selection of specific field methods, including the well purging 

strategy and planning for the proper disposal of the purge water.  The sampling program should be 

discussed in project-specific planning documents. 

6.1.4.1 Sampling Equipment Selection 

Some of the factors that should be considered in the selection of sampling devices include: 
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• Well yield 

• Depth to water 

• Well diameter and depth 

• Required material of construction 

• Analytical parameters 

• Regulatory requirements 

• Cost 

6.1.4.2 Purging Strategies 

Well purging strategies should be determined prior to sampling and presented in project-specific 

planning documents. Several different strategies are commonly used in order to assess the 

completeness of well purging. Typically, purging is continued until stabilization of certain indicator 

parameters are observed in successive measurements over a specified time or volume.  Common 

indicator parameters include pH, specific conductivity, turbidity, temperature, oxidation/reduction 

potential (ORP), and dissolved oxygen (DO).  The most common purging strategies are listed below. 

• Purging three to five well volumes of water from the well.  

• Low-flow purging 

• Purging of low yield wells until the water level reaches the top of the well screen or until the 

well is essential dewatered and then allowing the well to partially recover prior to sampling   

6.1.5 Preparatory Activities 

Equipment and containers should be organized prior to embarking on a field sampling project to the 

extent practicable. The time spent in the field should be spent on sample collection, making field 

measurements, and recording data. 

6.1.5.1 Prepare Sampling and Purging Equipment 

The purging and sample collection equipment and all required hardware should be obtained, 

organized, and decontaminated prior to the initiation of the field sampling program. To 

accommodate waste generated during decontamination, these activities may be completed at the 

site prior to sampling. 

6.1.5.2 Sample Containers and Preservatives 

Field personnel should coordinate with the laboratory typically 2 weeks before the sample container 

kits are to be shipped from the lab. The information exchange between lab and field personnel 

includes the project identification, sample kit shipment address, QA/QC regulatory requirements, 

required turnaround requirements, and the number and type of laboratory analyses. 

The required chemical preservatives for aqueous samples will be provided by the subcontracting 

laboratories. 

Upon delivery, laboratories will check the pH of incoming samples to ensure that they have been 

properly preserved. If additional preservative must be added to the samples by the lab, the lab shall 

notify the project chemist or field supervisor and the samples must sit for an additional 18 hours 

before analysis. Sample preservatives should be identified on the COC. 



SOP-6 Groundwater Quality Sampling  

 

 

6 

SOP-6_GW_Sampling.docx 

Most chemical and biological reactions and many physical processes are slowed by lowering the 

temperature. As a general rule, all samples need to be cooled at the time of collection and 

maintained slightly above freezing until preparation for final analysis. Samples are maintained in ice, 

within a range of less than 6 degrees Celsius (°C), from the time the sample control manager 

assumes custody until the samples are packed for shipment and relinquished to the shipper or other 

transport agent. 

See the Sample Preservation SOP more details on the proper handling and preservation procedures 

of samples. 

6.1.5.3 Initiation of Field Data Records 

Field data sheets may be initiated prior to the start of sampling. Examples of initial data to be 

recorded include site and sampling location identification, well depth, purging and sampling 

collection methods, and previous field data. Project-specific mobile applications (i.e., mobile apps) 

can simplify this process as data are pre-loaded and permanently stored on the device. If using a 

mobile app, new sampling locations must be added prior to mobilizing for the field.  

6.2 Purging and Sampling Procedures 

This section provides a description of the procedures to be used for groundwater sampling. These 

procedures include preparatory field activities, well purging, well sampling, and post-sampling 

activities.  

6.2.1 Preparatory Activities 

The following procedures should be conducted in the field prior to well purging and sampling. 

6.2.1.1 Preparation of Well Area 

A suitable work area should be established around the perimeter of the well. Sampling equipment 

should be placed on a clean surface such that it will not become inadvertently contaminated. 

6.2.1.2 Calculation of Well Purge Volume 

The volume of water standing in the well should be calculated through the application of the depth-

to-water data, the known well depth, and the well diameter using the constants presented below. 

Well depth information obtained from the well completion records are generally sufficiently precise 

for the purpose of well volume calculations that would be used for subsequent purging 

determinations. 

The following conversions allow quick calculation of well casing volumes: 

 

Well casing diameter (inches) Gallon(s) per foot of water 

1.0 0.041 

2.0 0.163 

3.0 0.367 

4.0 0.653 

6.0 1.469 

Alternatively, the well casing volume may be calculated using the formula V = CF*d2h, 

where:  
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V = volume of water (gallons) 

d = interior diameter of well (inches)  

h = height of water column (feet) 

CF = conversion factor (0.0408) that includes conversion of cubic feet to gallons, inches to 

feet, and diameter to radius 

Minimum purge volume for low-flow purging applications is discussed in the Well Purging Section. 

6.2.2 Water Level Measurements 

Water level measurements are collected during each groundwater sampling event, prior to purging or 

beginning any sampling activities. Procedures for manual and continuous water level measurements 

are discussed in the Groundwater Well Water Level Measurements SOP. Water level measurements 

are recorded in the field notebook and on the sample log. 

6.2.3 Well Purging 

Groundwater monitoring wells must be purged prior to sample collection to eliminate stagnant water 

in the well that may not be representative of aquifer conditions and reduce turbidity within the water 

column that may influence analyte concentrations. However, passive sampling or minimal/no-purge 

methods should be considered for low-yield wells in which common purging techniques are not 

feasible.  

6.2.3.1 Indicator Parameter Stabilization 

Stabilization of indicator parameters across three consecutive readings typically indicates an 

adequate purge has been achieved if the minimum well volume requirements described in the 

following sections have been met. With few exceptions, the water quality indicator parameters listed 

below shall be monitored while purging wells through an air-tight flow-through cell equipped with a 

multiprobe sonde field meter. Water for turbidity measurements should be obtained before water 

enters the flow-through cell by using a “T” coupling with a valve. However, if turbidity is known to be 

low (i.e., below 10 nephelometric turbidity units [NTUs]), water for turbidity measurements may be 

obtained from the flow-through cell discharge. If high flow rates are anticipated (<2-3 gallons), a 

manifold system may be used to direct a smaller volume to the flow-through cell while routing the 

bulk of the flow away from the well-head. Caution should be used when constructing a manifold to 

minimize or eliminate turbulent flows that can alter water quality parameters. 

Flow-through cells should be transparent, so particulate build-up or air bubbles are visible. If the cell 

needs to be cleaned, continue purging and disconnect the cell, then reconnect after cleaning and 

continue monitoring activities while adding a note in the field logbook and/or on applicable sampling 

forms. Flow-through cells should be placed off the ground surface and as close to the wellhead as 

possible. Additional measures to protect the cell from ambient conditions (e.g., direct sunlight) 

should also be considered. Placing the cell at 45 degree angle with the discharge facing up may help 

prevent air bubble accumulation. 

The frequency of readings may need to be adjusted based on purging method and equipment 

selection. At a minimum the frequency should allow for a full volume change of water for the flow cell 

and exposed tubing outside the wellhead.  As a default, indicator parameters will be monitored at a 

5- or 10-minute interval. 

The following stabilization criteria for low-flow sampling guidance (EPA, 2017b) shall be used: 

• Temperature: ± 3  
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• Specific conductivity: ± 3 percent  

• pH: ±0.1 pH standard unit 

• Oxidation-reduction potential (ORP): ± 10 millivolts (mV) 

• Dissolved oxygen (DO): less than 0.5 milligram per liter (mg/L) or ± 10 percent when greater 

than 0.5 mg/L 

• Turbidity: less than 5 nephelometric turbidity units (NTUs) or ±10 percent if greater than 5 

NTUs 

The following stabilization criteria for groundwater sampling guidance (EPA, 2017a) shall be used: 

• Specific conductivity: ± 5 percent 

• pH: ±0.1 pH standard unit 

• Oxidation-reduction potential (ORP): ± 10 millivolts (mV) 

• Dissolved oxygen (DO): ± 10 percent or ± 0.2 milligram per liter (mg/L) if less than 2 mg/L 

• Turbidity: less than 10 nephelometric turbidity units (NTUs) or 10 percent RPD if greater than 

10 NTUs 

6.2.3.2 Three to Five Well Volume Purging 

An adequate purge is normally achieved when three to five times the volume of standing water in the 

well has been removed. After three well volumes have been removed, sampling may proceed if the 

indicator parameters have stabilized according to the criteria set forth above If the parameters have 

not stabilized within five volumes, it is at the discretion of the project manager whether or not to 

collect a sample or continue purging. If a sample is taken after five volumes and the field parameters 

have not stabilized, this situation will be noted in the field logbook and/or applicable sampling forms. 

Initially, groundwater withdrawal should occur no more than 3 to 5 feet below the water surface. If 

the recovery rate of the well is faster than the purge rate, and no observable drawdown occurs, the 

pump should be raised until the intake is within 1 foot of the top of the water column for the duration 

of purging. If the purge rate exceeds the well recovery rate, the pump will have to be lowered as 

needed based upon the amount of drawdown. To the extent possible, the purge rate should remain 

consistent between indicator parameter readings and throughout the sampling process. Fluctuations 

or changes in purge rate should be noted in the field logbook and/or applicable sampling forms.  

6.2.3.3 Low-Stress or Low-Flow Purging 

It is occasionally desirable to collect representative samples while exerting minimum stress on the 

water-bearing formation. Typically this is accomplished by limiting the flow rate during purging to the 

range of 100 to 500 milliliters per minute (mL/min) (0.025 to 0.130 gallon/min). For this procedure, 

the goal is to induce a steady flow rate while minimizing the drawdown. 

Initially, the purge flow rate should start at approximately 200 mL/min (0.053 gallon/min), and the 

water level should be frequently monitored (approximately every 5 minutes). Flow rate should be 

adjusted so that drawdown will not exceed 0.3 foot or approximately 2 percent of the saturated 

thickness of low-permeability formations, whichever is greater.  

After an optimal flow rate has been achieved, monitoring of water quality indicator parameters shall 

commence. In addition to stabilization of these parameters across three consecutive readings, the 

minimum volume described below should be purged prior to sample collection.  

The minimum purge volume is calculated by adding the drawdown volume of the well casing at the 

stabilized water level, plus the volume of water in the submersible pump or bladder and submerged 
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discharge tubing, as shown in the equation below. This minimum volume is adapted from EPA 

Region 1 guidance for low stress purging and sampling (EPA, 2017b). 

𝑉=[0.041(𝐶𝑑2)(𝐼w−𝑆w)]+𝑃v+ 0.041(𝑇𝑑2)(𝑇𝑙) 

Where: 

V = volume in gallons  

Cd = casing diameter in inches 

Iw = initial depth to water prior to purging in feet 

Sw = stabilized depth to water during purging 

Pv = pump or bladder volume in gallons (if applicable) 

Td = inside diameter of water discharge tubing in inches 

Tl = Length of submerged discharge tubing in feet (distance from depth to water to top of 

pump 

In most cases, the minimum volume criterion will be met by the time indicator parameters stabilize. 

If indicator parameters have not stabilized after 1 hour, the sample may be collected and a note will 

be made in the field logbook and/or on applicable sampling forms. 

6.2.3.4 Purging of Low Yield Wells 

In some situations, even with slow purge rates, a well may be purged dry using the volume purge 

method or stable drawdown cannot be maintained using the low-flow method. In these cases, the 

well should be purged to dryness (evacuated) and sampled immediately upon: 1) recovery of 

adequate volume to fill sample containers and measure field parameters, 2) passing of a pre-

determined time interval specified in project-specific documents not to exceed 24 hours, or 3) 

recovery to a pre-determined level specified in project-specific documents. Regardless of the sample 

criterion, field parameters should be measured and recorded at the time of sample collection.  

In some cases, wells should be purged to the top of the screen and not to dryness as water 

cascading down the screen into the well may strip volatile compounds and elevate turbidity. Although 

suffering from other limitations, passive sampling or minimal/no purge methods may prove useful 

for these wells. 

6.2.4 Groundwater Sample Collection 

It is important that wells be sampled as soon as possible after purging.  Consideration should be 

given to the order in which sample containers are to be filled for various parameter groups. The order 

should be determined on the basis of parameter sensitivity to volatilization, pH change, or oxidation, 

and the priority for analytical data in cases where the water volume in the well is less than what is 

required for analysis. In general, volatile organic compounds are the most sensitive constituents to 

volatilization, so the sample for these parameters should be containerized immediately. Likewise, pH 

change occurs rapidly in samples that are in contact with air, so pH measurements and the 

containerization of pH-sensitive parameters, such as anions (e.g., nitrate, sulfate) or metals (e.g., 

ferrous iron [Fe2+]), should also be implemented expeditiously. 

The flow-through cell and “T” fitting with the valve should be removed after the final water quality 

parameters have been recorded. With some exceptions, samples are collected directly from the 

pump discharge. Chemical preservatives shall be added immediately upon sample collection if pre-

preserved sample containers are not provided by the laboratories. Groundwater samples for 
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dissolved analytes (e.g., dissolved metals or dissolved organic carbon) are filtered (usually with an in-

line 0.45 micron filter) before preservation. The filter should be rinsed by allowing one filter volume 

to pass through before filling sample containers. The filtrate is added directly to the plastic container 

and immediately preserved with the appropriate preservative unless pre-preserved sample 

containers are used.  

Some sampling equipment such as bailers or no-purge samplers may not be conducive to the use of 

in-line filters. In those cases, an additional volume of unfiltered sample adequate to fill the necessary 

sample containers and allow for rinsing of the filter shall be collected in a lab supplied container and 

filtered using a peristaltic pump or syringe filter. If filtering of samples is to be performed by the lab, 

samples should not be preserved and they should be provided to the lab as soon as possible to 

minimize sample quality degradation. 

The following sections describe general sampling protocol based on purge method. Additional 

information regarding equipment specific sampling protocol is provided in the Equipment 

Instructions Section. 

6.2.4.1 Three to Five Well Volume Sampling 

As with purging equipment, there are a number of considerations in the selection of sample 

collection equipment. Typically, samples can be collected directly from the pump discharge after the 

flow-through cell is removed. However, it is common to use a different device for sample collection 

than for purging. An example would be to purge with the use of submersible pump and to collect the 

sample with the use of a disposable bailer. If samples are to be collected with the same equipment 

used to purge then the pump should not be moved and the flow rate should remain consistent. If 

different equipment is to be used to collect samples then the purge equipment should be removed 

carefully to minimize water column agitation. 

6.2.4.2 Low-Stress or Low-Flow Groundwater Sampling 

Sample collection following low-flow purging may commence directly from the pump discharge after 

disconnecting the flow-through cell. The sampling flow rate should not exceed the purge flow rate for 

which water quality indicator parameters stabilized. However, in some cases, a higher pressure for 

bladder pumps or a higher oscillation rate for peristaltic and submersible pumps may be required to 

push the sample water through the filter to maintain the same flow rate. Sampling equipment must 

be the same equipment that was used for purging and should not be moved between purging and 

sampling activities. 

6.2.4.3 Sampling of Low Yield Wells 

Sample collection following the purging of low-yield wells is similar to sample collection following 

both three to five volume and low-flow purging. Typically, the same equipment used to purge the well 

is used in sample collection. If feasible, sample equipment should remain in the well during recovery. 

If equipment must be removed in between purging and sampling then the equipment should be 

redeployed carefully to minimize water column agitation. Additionally, the equipment should be 

deployed at the same depth as the well was purged. 

If adequate volume is present, then sample containers shall be filled based on analyte sensitivity 

and water quality parameter readings shall be collected last. If volume is limited then Sample 

containers should be filled in order of importance on a project-specific basis. 
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6.3 Equipment Instructions 

This section provides specific instructions for the installation and use of various devices for both well 

purging and groundwater sample collection, and includes the following equipment: 

• Bladder pump – compressed air or compressed gas cylinder driven 

• Small-diameter (2-inch) electric submersible pump 

• Bailer 

• Peristaltic pump 

It is recognized that a combination of the procedures may be employed. The specific methods to be 

used for purging and sampling a well will be determined based on site-specific field conditions. 

6.3.1 Bladder Pump 

A bladder pump is one of the easiest devices to operate for the purpose of low-flow purging and 

sample collection for depth up to 1000 feet. The bladder pump is often dedicated to the well and 

can be used in conjunction with an inflatable packer to minimize the purge volume necessary to 

accomplish effective purging. The compressed air source should be selected based on the pump 

depth. Typically, compressed gas cylinders should be used if the bladder pump is set below 200 feet 

as typical or household air compressors will not provide adequate pressure past this depth. 

• Additional required equipment: 

− Bladder pump (if using non-dedicated equipment) 

− Skip-bonded tubing of appropriate diameter and material (if using non-dedicated equipment) 

− Stainless steel support cable or rope (if using non-dedicated equipment) for pump 

deployments greater than 300 feet or if non compression style tubing connections (i.e. 

nipples, push-to-connect, etc.,) are used for deployments greater than 150 feet  

− Drop tubing assembly (if applicable) 

− Well cap with water and discharge line fittings (for dedicated installations) 

− Discharge tubing that connects to and directs water from the well cap or wellhead 

− Bladder pump controller 

− Hoses to connect the compressed air source to the controller and from the controller to the 

wellhead 

− Compressed inert air source (gas-powered air compressor or compressed gas cylinder) 

− Compressed gas cylinder regulator (if needed) 

− Generator (if air compressor is electrically powered) or power extension cables (if near an 

electrical outlet) 

− Winterizing kit (if dedicated) 

− Basic tool kit including crescent wrenches, spare tubing connection fittings, pipe clamps, 

tubing cutters, and screwdrivers 

• Installation instructions (initial installation or non-dedicated use): 

− Place new plastic sheet on suitable surface adjacent to well, taking care not to step on the 

plastic sheet. 

− Don a new pair of nitrile gloves. 
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− Assemble the pump, tubing, drop tubing assembly, and support cable, as applicable, and 

lower into the well being careful not to contact any surface other than the interior of the well 

or the plastic sheeting.  

o Keep the weight on the support cable while lowering the pump assembly if used. 

− Install the tubing and support cable (if applicable) to the well cap for a dedicated 

installation. Tubing or a support cable (if applicable) may be attached to the protective 

casing using clamps or hangers for non-dedicated installations 

− A second length of tubing that attaches to the water discharge line on the well cap may be 

stored in a strong zip-lock bag and kept within the protective casing. This second length of 

tubing is used to direct water from the wellhead during purging. A winterizing kit (for 

dedicated installations) may be stored in a similar fashion 

• Purging instructions: 

− Refuel the gasoline-powered compressor (if used) at a location that is remote from the well, 

being very careful not to spill any fuel on equipment or clothing that will be used at the well 

site 

− Place the gasoline-powered compressor as far from the well as possible in a down-wind 

direction to eliminate potential exhaust impact to sampling 

− Measure and record water level 

− Connect the compressed air source and pump controller to the pump as per manufacturer’s 

instructions 

o If compressed gas cylinders are used, make sure the regulator on the bottle is set 

below the pressure rating of the pump controller 

− Don a new pair of gloves after handling the gasoline-powered compressor or compressed air 

cylinder 

− Determine the volume of water to be purged, as described previously 

− Start the pump by opening the regulator on the controller, which allows compressed air to 

flow into the system 

o Typically, 0.5 pounds per square inch (psi) is needed per foot of depth. For 

example, if the pump inlet is set at 100 feet then 50 psi should be sufficient. 

− Adjust the refill and discharge cycles on the controller. Typically, a 20 second refill and a 10 

second discharge is adequate. For deeper wells (pump inlet is 300 feet or greater) a 40 

second refill and 20 second discharge may be needed. However, other factors like amount 

of head above the pump inlet and larger tubing diameters may require longer refill and 

discharge cycles. 

− Direct the pump discharge to the graduated measuring container and determine the 

pumping rate 

− Collect purge water in container 

− Continue pumping until the necessary volume of water has been purged from the well 

− Monitor indicator parameters as discussed previously 

• Sampling instructions: 

− Allow the well to recharge after completion of purging, if necessary 
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o Resume pumping at a rate that does not exceed the pumping rate during purging 

− Collect the samples by pumping directly into each of the required containers 

− Fill bottles as outlined in project-specific planning documents—care should be taken to 

ensure that no head space remains in the volatile organic vials; certain other parameters 

may also require minimizing head space (e.g., reduced or ferrous iron) 

− Obtain filtered samples by installing an in-line, 0.45-μm disposable cartridge filter directly 

onto the pump discharge 

− After sampling is complete, perform winterization as needed for dedicated equipment. This 

is done by installing the winterizing tubing into the discharge line at the wellhead and 

allowing a 5 second discharge cycle at approximately 30 psi. 

• Other considerations: 

− If water fails to discharge after a few cycles, place the discharge tubing into a clean 

container filled with distilled or deionized water. If bubbles are visible during the discharge 

cycle then water is moving up the tubing and should discharge soon. If bubbles cease after a 

few cycles then the pressure rating should be increased slightly. If no bubbles are visible, 

then your hose connections and regulator or compressor valves should be checked. If that 

doesn’t work then your pump may need to be pulled and inspected. 

− If water flow cuts out before the discharge cycle ends, lower the pressure or lower the 

discharge cycle time to avoid damaging the bladder. 

− For long-term dedicated systems, consider storing all discharge tubing 

− Consider deploying a drop tubing assembly for deep wells that have long water columns. A 

drop tube assembly will allow a sample to be collected from the required depth but it will 

limit the amount of compressed gas and expensive skip-bonded tubing that is needed.  

o For example, a well with a desired sampling depth of 700 feet that has a static 

water level of 300 feet would be most efficiently sampled by setting the bladder 

pump to a depth of 350 feet and deploying a 350-foot drop tubing assembly. 

6.3.2 Small Diameter Electric Submersible Pump 

A small-diameter (2-inch) electric submersible pump (Grundfos Redi Flo2 or equivalent) can be 

operated with a wide variety of pumping rates such that it is versatile for both low-flow and three to 

five well volume purging and sample collection. This type of pump can be used in either a dedicated 

or non-dedicated mode. Collecting groundwater samples from these pumps is only appropriate if 

approved project-specific planning documents specifically include this technique for collecting 

samples. 

• Required equipment: 

− Small-diameter electric submersible pump (if using non-dedicated equipment) 

− Tubing of appropriate diameter and material (if using non-dedicated equipment) 

− Pump shroud (when used in a 6-inch-diameter or larger well to minimize turbulence, to keep 

motor cool) 

− Check valve (optional) 

− Manifold with tee connectors and valves to direct a portion to of the flow to a flow cell 

(optional) 
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− Electric pump controller with appropriate power plug 

− 230-volt, single-phase, electric power source (greater than 10 amperes) 

o DC kits with inverters may also be used 

− Tool kit including basic tools, tubing cutters, extra tubing connector bracket, electrical 

connectors, wire ties, etc. 

− Ground fault circuit interrupter (if not built into the pump controller) 

• Installation instructions: 

− Don a new pair of gloves. 

− Assemble the pump, tubing, optional check valve, and electric power cables. 

− Decontaminate equipment and pump (if not dedicated). 

− Measure and record water level. 

− Lower pump slowly into the well, being careful not to make contact with any surface other 

than the interior of the well or the plastic sheeting. When lowering the pump, be particularly 

sensitive to areas that suggest drag or problems in the well where the pump could get stuck. 

If a problem arises, do not continue, but discuss with project manager or senior technical 

personnel ways to investigate. 

− Monitor the pump discharge and well hydraulics as discussed previously. 

• Purging instructions: 

− Refuel the electric generator if used at a location that is remote from the well, being very 

careful not to spill any fuel on equipment or clothing that will be used at the well site. 

− Place the electric generator if used as far from the well as possible in a down-wind direction 

to eliminate potential exhaust impact to sampling. 

− Don a new pair of gloves after handling the generator. 

− Connect to electric power. 

− Determine the volume of water to be purged, as described previously. 

− Start the pump. 

− Direct the pump discharge to the graduated measuring container and determine the 

pumping rate. 

− Collect purge water into appropriate containers. 

− Continue pumping until the necessary volume of water has been purged from the well. 

− Shut off the pump rapidly whenever the pump stops pumping water. 

− Monitor indicator parameters as discussed previously. 

• Sampling instructions: 

− Allow the well to recharge after completion of purging, if necessary. 

− Resume pumping at a rate that does not exceed the pumping rate during purging 

− Collect the samples by pumping directly into each of the required containers. 

− Fill bottles as outlined in project-specific planning documents. Care should be taken to 

ensure that no head space remains in the volatile organic vials. Certain other parameters 

may also require minimizing headspace (e.g., reduced or ferrous iron). 
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− Obtain filtered samples by installing an in-line, 0.45-μm disposable cartridge filter directly 

onto the pump discharge. 

• Other considerations: 

− Drop-tubing assemblies are available for some small diameter submersible pump models 

(e.g., Geosub) which can increase the sample collection depth as long the pump stays 

submerged within the operable range. 

6.3.3 Bailer 
A bailer is one of the simplest groundwater sampling devices that is commonly used for multiple-

volume purging.  A bailer may be used for sample collection after purging using different equipment 

(e.g., submersible pumps) but a single bailer can also be used for both purging and sample 

collection. Since repeated deployment and retrieval of bailers agitates the water column leading to 

elevated turbidity and possible VOC loss, the use of bailers for groundwater sampling should be 

avoided if possible. Bailers consist of a rigid tube equipped with a bottom and/or top check valve 

that is lowered into the well on a flexible cord. Disposable plastic bailers are preferable to reusable 

stainless steel bailers. Bailers that are only equipped with a bottom check valve can be used to 

collect water from the top of the water column while bailers featuring both a bottom and top check 

valve can be used to collect samples at a discreet depth. 

• Required Equipment: 

− Bailer of appropriate size and material 

− New bailer cord of appropriate material and length 

− Clean 30 or 50 gallon trash can and supply of trash can liners, or new plastic sheeting 

− Bottom emptying device 

− A spare lab supplied container with peristaltic pump and silicon tubing or syringes and 

syringe filters. (if collecting samples requiring field filtration) 

− Gravity feed filters that attach directly to the bottom emptying device are preferable. 

• Purging Instructions: 

− Calculate the volume of water to be purged, as described previously. 

− Place new plastic sheeting on suitable surface adjacent to well, taking care not to step on 

the plastic sheet or place a new can liner in the 30 or 50 gallon trash can 

− Don a new pair of nitrile gloves.  

− Decontaminate equipment (if using a reusable bailer) 

− Attach a cord to the bailer. 

− Lower the bailer into the well slowly to avoid minimize agitation of the water column 

o A bottom check valve bailer will be lowered to the top of the water column and 

allowed to fill from the bottom 

o A double check valve bailer will be lowered to the desired depth 

− Pull the bailer out of the well while placing the cord on the plastic sheet or in a lined trash 

can.  An alternate method is to wind the bailer cord between the hands.  Care should be 

taken to prevent the bailer or the cord from contacting any surface other than the interior of 

the well. 

− Empty the bailer into the pail. 



SOP-6 Groundwater Quality Sampling  

 

 

16 

SOP-6_GW_Sampling.docx 

− Repeat the operation until the necessary volume of water has been purged from the well. 

− Monitor indicator parameters as discussed previously by fitting the bottom emptying device 

to the bottom of the bailer and filling the multi-probe sonde protection/calibration cup and 

turbidity meter vials 

o Temperature and pH should be recorded immediately. Specific conductivity, ORP, 

and DO may need additional time for the instrument to stabilize 

• Sampling Instructions: 

− Prepare the well area and lower the bailer into the well following the method described 

previously for purging. 

− Allow the bailer to fill slowly and then gently retrieve the bailer from the well while avoiding 

contact with the sides of the well.  Care should be taken to prevent the bailer or the line 

from contacting any surface other than the interior of the well or the plastic sheet or lined 

trash can. 

− Attach the bottom emptying device and fill the sample containers slowly.   

− Fill bottles as outlined in project-specific planning documents. Care should be taken to 

ensure that no head space remains in the volatile organic vials. Certain other parameters 

may also require minimizing headspace (e.g., reduced or ferrous iron). 

− Filtered samples can be obtained by filling a non-preserved sample receptacle, and then 

transferring the liquid through an in-line filter (typically a 0.45-μm disposable filter) into a 

preserved sample receptacle using a peristaltic pump or syringe filter. Gravity feed filters 

that attach directly to the bottom emptying device are preferred. 

6.3.4 Peristaltic Suction Pump 
A peristaltic pump can be used to purge shallow, small diameter wells at a low to modest rate with a 

lift capacity limited to groundwater depths of 25 to 30 feet (depending upon pump size and 

elevation).  This type of pump is normally used with dedicated or disposable tubing. Special sampling 

procedures such as the use of a transfer cap for SVOCs and the “soda-straw” method for VOCs must 

be employed when using a peristaltic pump to collect samples for those constituents (EPA 2017a).  

Collecting groundwater samples from these pumps is only appropriate if approved project-specific 

planning documents specifically include this technique for collecting samples. 

• Required Equipment: 

− Peristaltic pump, electric powered 12 VDC. 

− 12 VDC power source, such as a sealed motorcycle battery or connection to vehicle battery. 

− Tubing of appropriate diameter and material (typically 0.25 to 0.5-inch inside diameter 

polyethylene, polypropylene, or Teflon® ) 

− Medical grade silicone tubing of appropriate diameter (typically 0.375-inch inside diameter) 

− Transfer cap of appropriate material (typically polyethylene or Teflon®) that can attach to 

SVOC sample containers (if applicable) [Include if following the EPA Region 4 Guidance on 

SVOC and VOC sampling using a peristaltic pump (EPA, 2017a)] 

• Installation Instructions: 

− Place new plastic sheet on suitable surface adjacent to well, taking care not to step on the 

plastic sheet. 

− Don a new pair of nitrile gloves. 
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− Replace the silicone tubing in the pump head if the pump will used for sample collection. 

− Lower the polyethylene, polypropylene, or Teflon®  tubing into the well to the desired sample 

collection depth, being careful not to contact any surface other than the interior of the well 

or the plastic sheeting. 

• Purging Instructions: 

− Connect the polyethylene, polypropylene, or Teflon tubing to the silicone tubing at the 

wellhead and connect the silicone tubing to the pump mechanism.  

− Calculate the volume of water to be purged, as described above. 

− Connect the pump to the power source 

− Start the pump. 

− Direct the pump discharge to the graduated measuring container. 

− Continue pumping until the necessary volume of water has been purged from the well. 

− Dispose of the tubing after use or store in sanitary conditions (if tubing is dedicated). 

Alternatively, dedicated tubing can be attached to the wellhead and stored inside the well. 

− Monitor indicator parameters as discussed previously. 

• Sampling Instructions: 

− Allow the well to recharge after completion of purging, if necessary. 

− Resume pumping at a rate that does not exceed the pumping rate during purging. 

− Collect the samples by pumping directly into each of the required containers. 

− Fill bottles as outlined in project-specific planning documents—care should be taken to 

ensure that no head space remains in the volatile organic vials; certain other parameters 

may also require minimizing head space (e.g., reduced or ferrous iron) 

− Obtain filtered samples by installing an in-line, 0.45-μm disposable cartridge filter directly 

onto the pump discharge 

6.4 Sample Shipment 

As a general rule, all samples need to be cooled at the time of collection and maintained slightly 

above freezing until preparation for final analysis. Samples are maintained in ice, within a range of 

less than 6 degrees Celsius (°C), from the time the sample control manager assumes custody until 

the samples are packed for shipment and relinquished to the shipper or other transport agent. 

 

Section 7: Quality Assurance/Quality Control 
To assess the accuracy and precision of the field methods and laboratory analytical procedures, 

QA/QC samples are collected during the sampling program according to the project-specific planning 

documents. The frequency, types, and locations of QA/QC samples are typically specified in the 

project QAPP or monitoring plan. 

Examples of QA samples include, but are not limited to, equipment rinsate blanks, field blanks, trip 

blanks, filter blanks, duplicate samples, and matrix spike/matrix spike duplicate samples. 
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7.1 Equipment Rinsate Blanks 

An equipment rinsate blank is intended to check if decontamination procedures have been effective 

and to assess potential contamination resulting from containers, preservatives, sample handling, 

and laboratory analysis. Procedures for collection are as follows: 

1. Rinse the decontaminated sampling apparatus with certified analyte-free water provided by the 

laboratory. Allow the rinsate to drain from the sampling apparatus directly into the sample bottle 

or into a secondary container, which is then poured into the sample bottle. 

1. Add any preservatives associated with the sample analytical methods to the rinsate sample. 

2. On COC, specifiy the same analytical methods for rinsate samples as is specified for the 

groundwater samples. 

3. Assign the rinsate sample an identification number and record in the field book what equipment 

was rinsed and the location which the sample was collected. 

4. Place the rinsate sample in a chilled cooler and ship it to the laboratory with the other samples. 

7.2 Field Blanks 
Analyses of field blanks are used to assess the contamination from ambient conditions during 

sample collection.  Field blanks are prepared at a sampling location by pouring certified analyte-free 

water provided by the laboratory into a sample container.  The field blank sample should be 

preserved and analyzed by the same methods as the groundwater sample.  An identification number 

shall be assigned and recorded in the log book which groundwater sample location the field blank 

was prepared at. Field blanks shall be placed in a chilled cooler and shipped to the laboratory with 

the other samples. A field blank will be collected and analyzed for every 20 investigative samples (or 

fewer) that are collected. 

7.3 Trip Blanks 
Trip blanks, prepared by the laboratory, are taken to the sampling site and transported back to the 

laboratory to assess contamination introduced during shipping and field handling procedures.  Trip 

blanks are typically only used when VOCs are suspected and being analyzed in the groundwater 

samples.  One trip blank (three 40 ml vials for VOCs) will be included for each cooler that contains 

samples for VOC analysis.  At no time should the trip blanks be opened by field personnel. 

7.4 Filter Blanks 
Filter blanks are used to assess potential contamination introduced during the field filtering of 

samples from the filter media and are applicable only if the sampling event requires filtering of water 

samples.  Filter blanks are collected by passing certified analyte-free reagent water provided by the 

laboratory through a clean filter similar to that used during the sampling event and from the same 

filter batch provided by the supplier.  The collected filter blank sample shall be analyzed by the same 

methods as the groundwater samples.   

7.5 Field Duplicate Samples 

Duplicate samples are collected to assess the precision of field and laboratory components of field 

samples. When collecting a duplicate groundwater sample, the original and duplicate sample 

containers should be filled simultaneously, or as close to simultaneous as possible, by moving the 

discharge tubing or bailer back and forth over each container until they are full. Alternatively, the 

sample could be collected in one larger container, mixed, and split into the original and duplicate 
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samples. This method will give a more representative split but also is more likely to introduce 

contamination if the larger container is reused and is therefore not preferred. 

To maximize the information available in assessing total precision, collect duplicate samples from 

locations suspected of the highest contaminant concentration. Use field measurements, visual 

observations, past sampling results, and historical information to select appropriate locations for 

duplicate analyses. 

The duplicate sample is handled and preserved in the same manner as the primary sample and 

assigned a sample number, stored in a chilled cooler, and shipped to the laboratory with the other 

samples. Whenever possible, the sample identification numbers for the characteristic sample and its 

duplicate are independent such that the receiving laboratory is not able to distinguish which samples 

are duplicates prior to analysis. 

7.6 Matrix Spike/Matrix Spike Duplicate Samples 

An extra volume of sample media may be collected during the sampling event for performance of 

matrix spike (MS)/matrix spike duplicate (MSD) analyses by the laboratory to assess laboratory 

accuracy, precision, and matrix interference. Following shipment of the samples to the laboratory, 

the laboratory prepares MS and MSD samples by splitting the material into three separate sets of 

containers and spiking the split samples with appropriate analytes prior to performing the extraction 

in order to evaluate the total of the spiked compound and whatever quantity of the compound may 

be present in the sample. Results of the analyses are compared with the results of the primary 

sample and the known concentrations of the spike compounds. The percent recovery and relative 

percent difference are calculated and results are used to evaluate the precision and accuracy of the 

analytical method for various labeled "extra volume samples for MS/MSD." The sample volumes 

required for these analyses should be coordinated with the laboratory and  described in the project-

specific planning documents. 

Section 8: Records 
Accurate field records must be maintained to document groundwater sampling activities, whether on 

paper field forms or within a mobile app. These records include technical field data, sample 

identification labels, and COC information for each sample. Additional details are discussed in Field 

Notes and Documentation SOP.  

Specifically for groundwater sampling, the field sampling records (field logs) should include, at a 

minimum, the following information: 

• Sampling location 

• Date and time 

• Condition of the well 

• Static water level (depth to water) 

• Calculated well volume 

• Purging method 

• Actual purged volume 

• Sample collection method 

• Sample description 

• Field meter calibration data 
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• Water quality measurements 

• General comments (weather conditions, etc.) 

All data entries should be made using black indelible ink and written legibly. Entry errors should be 

crossed out with a single line, dated, and initialed by the person making the correction. Deviations 

from project-specific planning documents will be documented and explained in daily field notes.  The 

project manager (or designee) will be contacted to discuss project deviations. Field notes, sampling 

forms, and COCs will be submitted to the project manager (or designee) in a timely manner following 

the field event for quality checks and revision purposes and will be in the project file. 
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Attachment A: Groundwater Quality Sampling Forms 



Groundwater Sampling Log
inputs for calculations inputs for individual well info

Project:                                                                       Event:                                                                              Well ID:                                    MW-6A
Client:                                                                 Date:                                                                                       Static Water Level:          
Project #:                                                    Sampling  Method:                                                     Bailing, 3-Volume Reading Type (check one): Manual: Transducer:

Pump Rate Vol Removed
min gal/bail gallons Deg C %RPD uS/cm %RPD mg/L %RPD or Δ su Δ mV %RPD or Δ NTU %RPD, NTU Ft Drawdown

Previous Field Parameters:

3 3 3 9

Criteria 60 max

Sampler:  
Pump Information: Pump deconned before use:       Y           N           NA

Bail Calculation (0.653 gal/ft) PSI: Refill: Discharge: 

Diam (in) Length (in) Volume (gal) Required Bails Bladder Pump:   DC gasoline nitrogen gas

0.75 36 0.07 #VALUE! Dedicated Non-Ded 

1.75 36 0.37 #VALUE! Geosquirt 

3 36 1.10 #VALUE! Production Pump

Redi-Flo

#VALUE! Peristaltic Pump Other Disposable Bailer

Comments: % RPD= 200 X Read 1 - Read 2

   Read 1 + Read 2

3 consecutive stable readings before sampling

Field Review: QA/QC Review:

Revised 11/30/2017 (arpd)

Duplicate

MS/MSD

Field Blank

Volume Filtered Preservative QC Sample ID:

3 vol. purge (gal) = 

10% or Δ10 mV <10 NTU or 10% <0.3 ft 

Sample Date and Time: 
100-500 mL/min 3% 3% 10% (Δ0.1 mg/L if <2.0) Δ0.1 pH

Eq. Rinsate Blank

Analysis Requested:

Time Temperature SC DO pH ORP Turbidity Depth to Water

Stable Not Stable Not Stable



Groundwater Sampling Log
inputs for calculations inputs for individual well info

Project:                                                                       Event:                                                                              Well ID:                                    
Client:                                                                 Date:                                                                                       Static Water Level:          
Project #:                                                    Sampling  Method:                                                     Reading Type (check one): Manual: Transducer:

Pump Rate Vol Removed
h:mm ml/min Liters Deg C %RPD uS/cm %RPD mg/L %RPD or Δ su Δ mV %RPD or Δ NTU %RPD, NTU Ft Drawdown

Previous Field Parameters:

Criteria 60 max

Sampler:  
Pump Information: Pump deconned before use:       Y           N           NA

PSI: Refill: Discharge: 

Bladder Pump:   DC gasoline nitrogen gas

Dedicated Non-Ded 

Geosquirt 

Production Pump

Redi-Flo

Peristaltic Pump Other

Comments: % RPD= 200 X Read 1 - Read 2

   Read 1 + Read 2

3 consecutive stable readings before sampling

Field Review: QA/QC Review:

Revised 11/30/2017 (arpd)

QC Sample ID:
Duplicate

MS/MSD

Field Blank

Eq. Rinsate Blank

Analysis Requested: Volume Filtered Preservative

10% or Δ10 mV <10 NTU or 10% <0.3 ft 

Sample Date and Time: 
100-500 mL/min 3% 3% 10% (Δ0.1 mg/L if <2.0) Δ0.1 pH

Time Temperature SC DO pH ORP Turbidity Depth to Water

Stable Not Stable Not Stable



Groundwater Sampling Log
inputs for calculations inputs for individual well info

Project:                                                                       Event:                                                                              Well ID:                                    
Client:                                                                 Date:                                                                                       Static Water Level:          
Project #:                                                    Sampling  Method:                                                     Reading Type (check one): Manual: Transducer:

Pump Rate Vol Removed
min gal/min Gallons Deg C %RPD uS/cm %RPD mg/L %RPD or Δ su Δ mV %RPD or Δ NTU %RPD, NTU Ft Drawdown

Previous Field Parameters:

Criteria

Sampler:  

Pump Information: Pump deconned before use:       Y           N           NA

PSI: Refill: Discharge: 

Bladder Pump:   DC gasoline nitrogen gas

Dedicated Non-Ded 

Geosquirt 

Production Pump

Redi-Flo

Peristaltic Pump Other

Comments: % RPD= 200 X Read 1 - Read 2

   Read 1 + Read 2

3 consecutive stable readings before sampling

Field Review: QA/QC Review:

Revised 11/30/2017 (arpd)

QC Sample ID:
Duplicate

MS/MSD

Field Blank

Eq. Rinsate Blank

Analysis Requested: Volume Filtered Preservative

10% or Δ10 mV <10 NTU or 10% <0.3 ft 

Sample Date and Time: 
100-500 mL/min 3% 3% 10% (Δ0.1 mg/L if <2.0) Δ0.1 pH

Time Temperature SC DO pH ORP Turbidity Depth to Water

Stable Not Stable Not Stable



Groundwater Sampling Log
inputs for calculations inputs for individual well info

Project:                                                                       Event:                                                                              Well ID:                                    
Client:                                                                 Date:                                                                                       Static Water Level:          12
Project #:                                                    Sampling  Method:                                                      Low flow purge Reading Type (check one): Manual: Transducer:

Pump Rate Vol Removed
min ml/min Liters Deg C %RPD uS/cm %RPD mg/L %RPD or Δ su Δ mV %RPD or Δ NTU %RPD, NTU Ft Drawdown

Previous Field Parameters:

Criteria 60 max

Sampler:  
Pump Information: Pump deconned before use:       Y           N           NA

PSI: Refill: Discharge: 

Bladder Pump:   DC gasoline nitrogen gas

Dedicated Non-Ded 

Geosquirt 

Production Pump

Redi-Flo

Peristaltic Pump Other

Comments: % RPD= 200 X Read 1 - Read 2

   Read 1 + Read 2

3 consecutive stable readings before sampling

Field Review: QA/QC Review:

Revised 11/30/2017 (arpd)

QC Sample ID:
Duplicate

MS/MSD

Field Blank

Eq. Rinsate Blank

Analysis Requested: Volume Filtered Preservative

10% or Δ10 mV <10 NTU or 10% <0.3 ft 

Sample Date and Time: 
100-500 mL/min 3% 3% 10% (Δ0.1 mg/L if <2.0) Δ0.1 pH

Time Temperature SC DO pH ORP Turbidity Depth to Water

Stable Not Stable Not Stable
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SOP-5 

Surface Water Sampling 

Section 1: Objective 
The purpose of this standard operating procedure (SOP) is to describe the methods for surface water 

sampling. It describes the procedures and equipment to be used to obtain representative surface water 

samples that are capable of producing accurate quantification of water quality. 

Section 2: Scope and Applicability 
This procedure is intended for the collection of surface water samples to support site investigations as 

required by the project plan or other requirements. Surface water samples may be collected from a 

variety of water body types including springs and seeps, perennial and intermittent drainages, canals, 

ponds, and or lakes. Surface water sample locations may be man-made or naturally occurring, flowing or 

static, and the water body may be shallow or deep. 

2.1 Limitations 

This SOP does not address the health and safety concerns associated with the methods described 

herein, which may involve use of water and boating safety, hazardous materials, equipment, and 

operations.  Accordingly, the user must establish appropriate health and safety practices according to 

the site-specific HASP. 

 

Section 3: Responsibilities 
The project manager is responsible for ensuring that surface water measurements are implemented in 

accordance with this SOP and any other site-specific or project-specific planning documents. 

The field personnel are responsible for understanding and implementing this SOP during all field 

activities, as well as obtaining the appropriate field logbooks, forms, and records necessary to complete 

the field activities. 

The site safety officer, typically the supervising field manager, is responsible for overseeing the health 

and safety of employees and for stopping work if necessary to fix unsafe conditions observed in the field. 

However, it is understood that all field personnel have “stop work” authority if unsafe conditions occur. 

Section 4: Definitions 
COC  Chain of Custody 

GPS  Global Positioning System 

PPE  Personal Protective Equipment 
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Section 5: Required Materials 
Equipment needed for the collection of surface water samples may include (depending on technique 

chose): 

• Maps/plot plan 

• Tape measure (minimum length 100 feet) 

• Safety equipment and personal protective equipment 

• Nitrile gloves/paper towels 

• GPS 

• Field notebooks/logbooks/indelible markers/pens/whiteboard 

• Camera/site identifier (ID) book  

• Tape measure/stakes and mallet 

• Waders/hip waders 

• Decontamination equipment/supplies 

• Sampling device(s) (e.g., bottle sampler) 

• Field collection bottles 

• Sample containers/preservatives 

• Sample labels 

• Filters (0.45 micron) 

• Water quality monitoring equipment (e.g., pH/conductivity/dissolved oxygen meter) 

• Turbidity meter and calibration jars 

• Peristaltic pump/tubing/filters 

• Lab-certified deionized water (for decontamination and equipment blank) 

• Nitric acid (0.1 M) for decontamination) 

• Cooler(s) and ice 

• Shipping labels 

• COC forms 

• Field forms (hard copy) 

• Batteries (double A, C, and D) 

• Packing materials (tape, garbage bags, Ziploc® bags) 

Section 6: Methods 
A variety of sampling methods and equipment are available for the collection of surface water samples 

because of the varied conditions and locations where samples may be collected. Refer to the work plan 

and field sampling plan to determine which sampling method is appropriate for the project. 

6.1 General Considerations 

The objective of surface water sampling is to evaluate the surface water quality. There is a variety of 

equipment available for surface water sampling. Because each site may contain varied surface water 

conditions, collection of a representative sample may be difficult. In general, a sampling device will 

include the following characteristics: 
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• Be constructed of disposable or non-reactive material (e.g., Teflon™ 7, glass, or stainless steel) 

• Be designed to maintain sample integrity and to provide the desired level of quality in achieving 

desired analytical results 

The specific sampling method utilized will depend on the accessibility of the water body along with its size 

and depth, as well as the type of samples being collected. In most ambient water quality studies, grab 

samples will be collected; however, the objectives of the study will dictate the sampling method. General 

cautions for sampling are as follows: 

• When wading, collect samples upstream from the body 

• Avoid disturbing sediments in immediate area of sample location 

• Sampling near structures may not provide representative data because of unnatural flow patterns 

• Collect surface water samples from downstream toward upstream 

If unable to measure field parameters in-situ (which is preferred), collect an additional sample or extra 

quantity of the collected sample should be poured off to a separate container for determination of field 

parameters such as pH, conductivity, dissolved oxygen, temperature, turbidity, odor, or other significant 

characteristics. 

6.2 Direct Grab Method 

For streams, rivers, lakes, and other surface waters, the direct method may be utilized to collect water 

samples directly into the sample container(s). For streams and rivers, it is important that samples be 

collected from flowing water. For lagoons and other impoundments specific conditions may exist that 

warrant the use of additional safety equipment. Using adequate protective clothing, access the sampling 

station by appropriate means: 

1. Use an unpreserved sample container to collect the sample. 

1. Slowly remove the container cap and slowly submerge the container, opening first, into the water. 

2. Invert the bottle so the opening is upright and pointing toward the direction of water flow (if 

applicable); allow water to run slowly into the container until filled. 

3. Return the filled container quickly to the surface. 

4. When filling the container, leave a little room in the container for addition of preservatives and 

sample expansion unless the sample is being collected for volatile compounds. Samples for volatile 

constituent analysis require no headspace be present when the container is closed. 

5. Securely cap container, label and complete field notes. 

6. If preservatives have been added, invert the container several times to ensure sufficient mixing of 

sample and preservatives. 

For shallow stream stations, collect the sample under the water surface while pointing the sample 

container upstream; the container must be upstream of the collector. When possible, collect samples in 

a downstream to upstream direction. Avoid disturbing the substrate. 

When using the direct method, do not use pre-preserved sample bottles as the collection method may 

dilute the concentration of preservative necessary for proper sample preservation. 

6.3 Peristaltic Pump 

Peristaltic pumps are used for filtering samples in the field for dissolved analysis. Perform the following 

procedures when filtering with a peristaltic pump: 

1. Prepare the peristaltic pump in accordance with manufacturer's instructions. When using a battery-

operated pump, be sure battery is fully charged prior to entering the field. 



SOP-5 Surface Water Sampling  

 

 

5 

SOP-7_ Surface Water Sampling.docx 

2. It is necessary to change the filter, suction line, and the silicon pump tubing between sample 

locations to avoid cross-contamination. This action requires maintaining a sufficiently large stock of 

tubing material to avoid having to decontaminate the tubing in the field. 

3. Gently lower the pump intake tube to the desired sample depth. Avoid unnecessary agitation 

(aeration) of the liquid to be sampled and bottom sediments. 

4. Prior to activating the pump, note in which direction the pump will be rotating. (Most peristaltic pumps 

are capable of rotating in two directions.) Accidental reverse rotation of the pump will cause aeration 

of the liquid to be sampled. 

5. Run the pump until no air bubbles are noted in the discharge. 

6. Discharge water shall be released downstream from sampling area during sampling event. 

7. To prevent excess agitation and/or aeration of the sampler, fill the sample containers by tilting the 

container and flow the sample water down the side of sampling container. 

6.3.1 Transfer from Field Bottle to Lab Bottles 

Following collection of surface water samples using either a DH-48 or Grab Sample, the sample will be 

transferred directly from the field bottle to the analytical laboratory-provided sample bottles. Surface 

water samples requiring filtration will be transferred from the field bottle to the analytical laboratory-

provided sample bottles via the peristaltic pump and through a 0.45-micron filter.  

6.4 Decontamination 

Prior to and after each sampling event, all sampling equipment must be thoroughly decontaminated 

following the methods outlined below and in SOP-05 Equipment Decontamination. The primary purpose 

of equipment decontamination is to prevent the potential of cross-contamination within the samples 

collected. 

Because decontamination procedures are time consuming, having a quantity of sampling tools available 

is recommended. If surface water samples are collected using the direct method, decontamination is not 

required as shared sampling equipment does not come into contact with the water sample and new 

sampling containers are used at each sampling location. For other collection techniques, all sampling 

equipment must be decontaminated prior to reuse. Equipment decontamination will consist of the 

following five steps: 

1. Non-phosphate detergent wash (e.g., Liquinox) 

2. Tap water rinse 

3. 2 percent nitric acid rinse (diluted with deionized water) 

4. Deionized water triple rinse 

5. Air dry 

Section 7: Quality Assurance/Quality Control 
Quality assurance activities which apply to the implementation of these procedures are located in the 

site QAPP, including the collection of required QA/QC samples such as field duplicates, and equipment 

blanks. In addition, the following general procedures apply: 
 

• All data must be documented on field data sheets or within site logbooks 

• All instrumentation must be operated in accordance with operating instructions as supplied by the 

manufacturer, unless otherwise specified in the work plan  
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• Equipment calibration activities must occur prior to sampling/operation and they must be 

documented 

All surface water monitoring data shall be documented on Surface Water Sample Sheets (Attachment 

B). 

Descriptions of any deviations and the reason for deviations from the site QAPP or this SOP should be 

noted in the field notebook, as necessary.  

Section 8: Documentation and Recordkeeping 
Surface water sampling details will be documented in detail in the field.  Field documentation will 

consist of a sampling chronology and notes in the site field book, including the field descriptions of each 

sample location and laboratory chains of custody.  The field sample descriptions should include, at a 

minimum, the following: 

• Weather Conditions 

• Date and Time of Sample Collection 

• Name of Sampler 

• Location  

• Sampling Method 

• Analyte sampled for 

• Unusual Environmental Conditions or Observations (if applicable) 

Attachment A: Sampling with the US DH-48 Depth-Integrating Suspended-Sediment Sampler  

Attachment B: Surface Water Sample Sheet 
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Attachment A: Surface Water Field Sheet 



SURFACE WATER SAMPLE SHEET 
GENERAL  NFORMAT ON (CHECK ALL THAT APPLY) 

PROJECT NAME  SAMPLE DENT F CAT ON 

DATE AND T ME   F ELD PERSONNEL 

North ng East ng   Dup cate ( f app ) 
SURFACE WATER BODY NAME SAMPLE TYPE GRAB |COMPOS TE 
 

CAL BRAT ON 

NSTRUMENTS DATE AND T ME OF NSTRUMENT CAL BRAT ON 

TEMP CONDUCT V TY 
YS 556 

DO pH ORP 
TURB D TY HACH 2100p 

OTHER (SPEC FY) 

 

F ELD PARAMETER MEASUREMENTS 

TEMPERATURE CONDUCT V TY D SSOLVED OXYGEN  pH  ORP TURB D TY 

(⁰C)  (µS/cm)  (mg/L) (s u ) (mV)  (NTUs) 
 
 
 

F e d Notes 
 
 
 
 
 
 

STREAMS (CHECK ALL THAT APPLY) 

LOCAT ON WAD NG |BANK STAT ON GAGE  AT |ABOVE |BELOW 

BR DGE  UPSTREAM |DOWNSTREAM BOAT 
OTHER (SPEC FY) cu vert 

STREAM TYPE PERENN AL | NTERM TTENT 

SAMPL NG S TE POOL |R FFLE |OPEN  |BRA DED |BACKWATER 

SAMPLER TYPE DH-48   |D RECT GRAB |PER STALT C PUMP |DEPTH 
BOTTOM BEDROCK |ROCK  |COBBLE |GRAVEL |SAND |MUD |S LT 

HYDRAUL C EVENT ROUT NE SAMPL NG |REGULAR FLOW 

SNOWMELT |FLOOD |DROUGHT |OTHER (SPEC FY) 
CE COVER  TH CKNESS   NCHES 

STREAM COLOR CLEAR |BROWN |GREEN |BLUE |GRAY 

STREAM FLOW TYPE TURBULENT|LAM NAR |STAGNANT 
EXCELLENT |GOOD |FA R |POOR 

 
SPR NGS (CHECK ALL THAT APPLY) 

SAMPL NG S TE POOL |R FFLE |OPEN |BRA DED |BACKWATER 

BOTTOM BEDROCK  |ROCK  |COBBLE  |GRAVEL  |SAND |MUD 

STREAM COLOR CLEAR |BROWN |GREEN |BLUE |GRAY 

FLOW TYPE EXCELLENT |GOOD |FA R |POOR 

 

I I 

    
    
     .  

:  : I 



SURFACE WATER FLOW SHEET 
GENERAL  NFORMAT ON 

PROJECT NAME SAMPLE DENT F CAT ON 
 

DATE AND T ME  
F ELD PERSONNEL 

North ng East ng 

SURFACE WATER BODY NAME SAMPLE TYPE GRAB |COMPOS TE 
 

 

FLOW MEASUREMENT METHOD (CHECK WH CH APPLY) 

MARSH McB RNEY FLO-MATE VOLUMETR C BUCKET 

BASK CUTTHROAT FLUME OTHER (SPEC FY) 

 
FLOW MEASUREMENTS (CHECK WH CH APPLY) 

DOWNSTREAM UPSTREAM GAUGE 
GAUGE HE GHT (ft) HE GHT (ft) 

FLOW (CFS)
 

STREAM W DTH (FT) SEGMENT W DTH (FT) 

STAT ON LOCAT ON STAT ON DEPTH VELOC TY AREA FLOW 

(ft)  (ft)   (ft/sec)  (ft
2
)   (CFS) 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

0 00 0 0000 

TOTAL CALCULATED FLOW 0 000 

 

I I 

    
I   
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SOP-8 

Surface Water Flow Measurements 

Section 1: Objectives 
The purpose of this document is to define the standard operating procedures (SOPs) for monitoring 

surface water discharge in streams and rivers. 

Discharge is defined as the volumetric flow rate of water. Discharge will be expressed in cubic feet 

per second (cfs). This document outlines the methods for measuring flow, which are by the use of: 

(1) cutthroat flumes, (2) the velocity-area method using the Marsh-McBirney Model 2000 Flow 

Meter, (3) SonTek FlowTracker2® Handheld-Acoustic Doppler Velocimeter (ADV)® featuring Smart 

QC, (4) StreamPro Acoustic Doppler Current Profiler (ADCP) during extreme high flows, (5) volumetric 

method during extreme low flows, and (6) stream gauge height pressure transducer installation and 

discharge measurement for year-round measurement. Because of the dynamic nature of surface 

water behavior, flow measurement by the methods described in this document may, on occasion, be 

impossible at some sites. The team will note the conditions that inhibited accurate flow 

measurement; this situation will be brought to the attention of the project manager. 

Section 2: Scope and Applicability 
This procedure is intended for the collection of surface water flow measurements to support site 

investigations as required by the baseline study or other requirements. Surface water flow 

measurements may be collected from a variety of streams or rivers under various flow rates. 

Section 3: Responsibilities 
The project manager is responsible for ensuring that surface water flow monitoring and sample 

collections are gathered in accordance with this SOP and any other site- or project-specific planning 

documents. 

The field personnel are responsible for understanding and implementing this SOP during all field 

activities, as well as obtaining the appropriate field logbooks, forms, and records necessary to 

complete the field activities. Field personnel will ensure that all field activities are documented 

completely at the end of each field day. Field personnel are responsible for ensuring that the original 

documentation (or copies of the field logbook, if needed for another project at the same site) are 

filed at the end of the field project, or during a long project (greater than 1 month) every couple of 

weeks.  

The site safety officer, typically the supervising field manager, is responsible for overseeing the 

health and safety of employees and for stopping work if necessary to fix unsafe conditions observed 

in the field. However, it is understood that all field personnel have “stop work” authority if unsafe 

conditions occur. 
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Section 4: Required Materials 
Equipment needed for the collection of surface water flow measurements may include (depending 

on technique chosen): 

• Maps/plot plan 

• Safety equipment and personal protective equipment (PPE) 

• Tape measure (minimum length 100 feet) 

• Global Positioning System (GPS) 

• Extra batteries (two “D” size for Marsh-McBirney; four “C” size for YSI; six “AA” size, including two 

for GPS unit and four for Turbidity Meter) 

• Duct tape 

• Garbage bags 

• Ziploc® bags 

• Waders/hip waders/wading boots 

• Field notebooks/logbooks 

• Whiteboard/dry erase pens/markers 

• Camera 

• Cutthroat flume 

• Small level 

• Marsh-McBirney Model 2000 Flo-Mate flow meter with top-setting rod 

• StreamPro ADCP 

• SonTek FlowTracker 

• 1-liter bottle 

• Stopwatch or equivalent 

• Stakes (wood or rebar) 

• Hammer 

• Clamps 

• Rope (8 to 10 millimeters [mm], 100-foot length) 

Section 5: Surface Water Monitoring Methods 
A variety of methods and equipment are available for the collection of surface water flow 

measurements because of the varied conditions and locations where surface water flow 

measurements may be collected. The six primary methods proposed for this baseline data collection 

effort are listed here and described below: 

• Cutthroat flume 

• Marsh-McBirney Model 2000 Flowmeter 

• SonTek FlowTracker Handheld ADV featuring Smart QC 

• Acoustic Doppler Current Profiler (StreamPro) 

• Volumetric measurement 

• Stream gauge height pressure transducer (installed at certain fixed locations for year-round 

measurements) 
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Selection of the stream flow measurement methods described in this SOP is based on the following 

conditions: 

• Low-flow conditions where a stream is less than 3 feet wide and less than 0.2-foot deep may be 

measured using a Cutthroat flume 

• Moderate-flow conditions where the stream flow rate is determined to be safe to access and 

depth is less than 4 feet may be measured using a Marsh-McBirney Model 2000 Flo-Mate flow 

meter 

• Under high-flow conditions when it is unsafe to wade the stream, the StreamPro will be used 

• Under extreme low-flow conditions, the volumetric method may be used 

• A stream gauge pressure transducer will be used at a fixed location to monitor flow conditions 

year round 

The method of discharge measurement to be used at each site will be described in the field logbook 

or by using the surface water flow sheet (see Surface Water Sampling SOP) for the site. Each of 

these methods will be presented in the following format: 

• Method name 

• Field procedures 

• Discharge calculations 

5.1 Cutthroat Flume Procedures 

Flumes are specially shaped open-channel flow sections with a restriction in channel area and, in 

most examples, with a change in channel slope. Either or both of these shape changes cause 

velocities to increase and water levels to change while passing through the flume. Typical flumes 

consist of three sections: 

• A converging section to accelerate the approaching flow 

• A throat section, the width of which is used to designate flume size 

• A diverging section, designed to ensure that the level downstream is lower than the level in the 

converging section 

The stage of a stream is the height of the water surface above an established datum plane. The 

datum plane for a flume is the elevation at the bottom of the throat section. The water-surface 

elevation referred to some arbitrary gauge datum is called the gauge height. Stage or gauge height 

are usually expressed in feet and hundredths of a foot. 

5.1.1 Field Procedures 

If the site flow measurements are to be measured using the Cutthroat flume, then discharge will be 

measured as described below: 

• Remove any material that may accumulate in the flume 

• Place flume in a location (if possible) where stream slope is no greater than 1 percent for 

approximately 4 to 6 feet above the flume 

• Place the flume in a location within the stream where all surface water can be captured and 

directed into the flume 

• Level the flume using a small level 

• Measure and record the throat width to the nearest 0.1 foot 

• Record the time and date of the site measurement 
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• Use the staff gauge to measure and record the stage in the upstream and throat sections to the 

nearest 0.01 foot 

• Calculate discharge as described below 

• Record the calculated discharge 

5.1.2 Discharge Calculations 

Based on the stage (head or gauge height [Ha] in feet) and the throat width of the flume (size of 

flume [W]), the discharge is read directly from the Baski Collapsible Cutthroat Flume Discharge Table 

(see Attachment A). Note that approximate values of discharge for heads other than those shown in 

the table may be calculated by the following equation: 

Flow rate (cfs) = Multiplier (depends on throat 

width) x (Ha)2 where: 

Throat width Multiplier 

1 inch 0.50 

2 inch 1.02 

4 inch 2.08 

8 inch 4.22 
 

5.2 Marsh-McBirney Model 2000 Flowmeter Procedures 

Portable Marsh-McBirney flow meters may be used to collect stream velocity measurements for the 

computation of stream discharge by the velocity-area method. The Marsh-McBirney Model 2000 flow 

meter can output velocity in either feet per second (ft/s) or meters per second (m/s). A low-battery 

flag is displayed when batteries need to be replaced in the unit. The sensor on the Marsh-McBirney 

meter can be connected to the universal sensor mount on the top-setting wading rod and used to 

determine flows using either the six-tenths depth method or the two-tenths and eight-tenths depth 

method. Velocities can be measured in flows as shallow as 0.1 foot, and ranging from -0.50 to 

+19.99 ft/s. 

5.2.1 Theoretical Considerations 

The volumetric flow rate of water, which is commonly called discharge (Q), is the product of 

multiplying the average velocity (v) by the total cross-sectional area (a). The velocity-area method 

measurement is made by subdividing a stream cross-section into segments (sometimes referred to 

as sections, verticals, profiles, panels, or ensembles) and by measuring the depth and average 

velocity in a vertical profile within each segment (Sauer and Turnipseed 2010a). 

By dividing the stream width into subsections (streams less than 10 feet wide have 10 subsections, 

and streams greater than 10 feet wide have 20 subsections [see Table 1]), total discharge is equal 

to the sum of the individual discharge measurements in each subsection. 

Individual point velocity (v) is measured at each subsection (at a depth equal to six-tenths of water 

depth), and the subsection discharge is equal to the product of the point velocity and cross-sectional 

area (a) within the subsection. The cross-section is defined by depths at verticals 1,2,3,4, .... n. At 

each vertical, the average velocity is measured by a current meter for a period that ranges from 40 

to 70 seconds. 
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Table 1. Number of Subsections Based on Stream Width 

Approximate width (feet) Approximate Number of 

subsections 

Approximate distance between subsections (feet) 

<5 10 0.1–0.5 

5–10 10 0.5–1.0 

>10 20 >0.5 

 

5.2.2 Required Measurement Conditions 

To make a velocity-area discharge measurement, the following conditions are required: 

1. The stream must be channelized; observable banks must channel the entire stream flow 

2. Depth must be greater than 0.5 foot across most of the cross-section being measured 

3. The stream must have measurable velocities, greater than 0.5 ft/s in most of the cross-section 

Conditions 2 and 3 often can be met in streams of very low discharge by conservatively modifying 

the stream channel to produce a narrower and slightly deeper cross-section to meet measurement 

requirements. These modifications will include removal of aquatic growth or ice, moving large stones 

that impact velocity upstream or downstream of the cross-section, and narrowing or deepening of 

the cross-section. By rearranging small amounts of native rock or sand, the sampler can produce a 

measurable cross-section. When such modifications are made, great care must be exercised to avoid 

unnecessary movement of sediments. After clearing the cross section, flow will be allowed to stabilize 

before the current-meter measurement of velocities begins. 

5.3 The Velocity-Area Method 

Stream discharge is the summation of the products of the subsection areas of the stream cross- 

section and their respective average velocities. The formula: 

 

Q =  (av) 

 

represents the computation, where Q is the total discharge, a is an individual subsection’s area, and 

v is the corresponding mean velocity of flow normal to the subsection. The summation of the 

discharges for all the subsections is the total discharge of the stream. The order for calculating 

discharge is: 

• Use the distances from initial point recorded on the measurement notes to compute width for 

each section. The first width is computed by subtracting the first distance from the second 

distance, and dividing this quantity by two. The second width will be the quantity of difference 

between the third distance and the first distance, divided by two. For each subsequent width, 

subtract the distance on the line above the line you are calculating from the line below, and divide 

this quantity by two. This procedure is carried out for each line until you reach the final width 

calculation. This is calculated as the quantity of the difference between the final distance and the 

second-to-the-last distance, divided by two. 

• Perform subsequent calculations as follows: 

− Calculate each discharge for each subsection by multiplying the width of the subsection times 

the depth times the velocity 

− Sum the discharges for each subsection to arrive at total discharge for the entire cross- 

section 
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• Check your math by summing the subsection widths. 

Discharge through the cross-section is given by: 

 

𝑄 =∑𝑣𝑖𝑎𝑖

𝑛

𝑖=1

 

 

where the area of each subsection, ai, is computed by: 

 

𝑎𝑖 = 𝑧𝑖 ∗ (
𝑥𝑖+1 − 𝑥𝑖−1

2
) 

where xi are cross-stream distances measured to successive verticals (i.e., subsections) from the 

starting point, the vi are the vertically averaged velocities at each vertical, and the zi are the depths 

at each vertical. x1 and xn are located at the ends of the section (left and right edges of the water, 

respectively, as the observer faces downstream), and xn-1 and xn+1 are taken as zero. The velocities 

at the ends of the section (v1 and vn) will always equal zero, and z1 and zn will also equal zero 

(unless the corresponding bank is vertical) (Dingman 2002). 

5.4 SonTek FlowTracker Handheld ADV  

The SonTek FlowTracker is a type of equipment used to collect stream discharge (Q) measurements 

by computation of stream velocity, depth, and section(s) widths. Output can either be in English (feet, 

ft/s, cfs) or metric (meters, meters/second, and meters cubed/second) units. A probe is mounted to 

a measuring rod along with a handheld controller. Discharge can be determined by using the 

standard Mid-Section Discharge method. The FlowTracker has a + 1 percent accuracy of measured 

velocity. Stream velocity, stream depth, and stream subsection widths are all recorded on the 

Handheld ADV that computes Q. 

5.4.1 Required Measurement Conditions 

To make a velocity-area discharge measurement, the following conditions are required: 

1. The stream must be channelized; observable banks must channel the entire stream flow 

2. Depth must be greater than 0.5 foot across most of the cross-section being measured 

3. The stream must have measurable velocities, greater than 0.5 ft/s in most of the cross-section 

Conditions 2 and 3 often can be met in streams of very low discharge by conservatively modifying 

the stream channel to produce a narrower and slightly deeper cross-section to meet measurement 

requirements. These modifications will include removal of aquatic growth or ice, moving large stones 

that impact velocity upstream or downstream of the cross-section, and narrowing or deepening of 

the cross-section. By rearranging small amounts of native rock or sand, 

the sampler can produce a measurable cross-section. When such modifications are made, great care 

must be exercised to avoid the unnecessary movement of sediments. After clearing the cross-

section, flow will be allowed to stabilize before the velocity measurement begins. 

5.5 StreamPro Acoustic Doppler Current Profiler Procedures 

The StreamPro ADCP measures discharge and velocity in streams from 15 to 225 centimeters (cm) 

deep. The StreamPro “bottom tracking” capability provides the ability to move continuously across 

the stream to obtain a discharge measurement in 2 or 3 minutes. The StreamPro design allows you 



SOP-8 Surface Water Flow Measurements  

 

 

7 

SOP-8_ Surface Water Flow Measurements.docx 

to take measurements without even entering the water. The instrument can simply be put across the 

stream as a bridge is accessed on foot, or the unit can be attached to a tagline. Data are collected in 

real-time and transmitted via a wireless data link to a laptop personal computer (PC) loaded with 

Teledyne RDI software. The User’s Manual provides a complete description of how to calibrate, 

trouble shoot, and use the StreamPro.  

5.6 Volumetric Measurement Procedures 

For very low flows when measurements using the Cutthroat flume or Marsh-McBirney are not 

possible, stream discharge can be measured using a volumetric approach based on the following 

formula:  

Total Discharge = Volume/Time 

The discharge rate can be determined by measuring the amount of time required for the flow to fill a 

container of a known volume—for example a 5-gallon bucket or a graduated cylinder. When using 

this method, it is necessary to channelize the flow so that all the water is being captured by the 

container. Perform three to five tests and use the average time to fill the container to compute the 

discharge rate, particularly if the time to fill the container is very short (less than 1 to 2 seconds). 

Averaging fill times helps to mitigate timing error associated with this method. Always note the 

volume of the container and the time required to fill the container in the field notebook. 

 

5.7 Stream Gauge Height Pressure Transducer Procedures 

5.7.1 Site Selection Considerations 

This procedure is intended to provide direction for installation of a dedicated staff gauge, pressure 

transducers, rating curve development, and quality control and documentation of data.  

Stream gauging station installation and development will be performed in accordance with 

applicable standards for the area of the investigation, this SOP and other project-specific planning 

documents. Final installation design for the stream gauging station will be dependent on the physical 

nature of the channel, bed materials (unconsolidated materials and/or consolidated materials) at 

the site, and the stream characteristics (riffle, run, pool). The following section within this SOP 

describes the general approach guiding installation of long-term, high-frequency stream gauging 

sites.  

5.7.2 Site Selection 

Choose the site for installation of a permanent stream gauging station based on the following 

criteria: 

• Consider the data that will be generated at the site, including rating curves, streamflow, 

backflow, and other stream flow variables. 

• Select the site so that the intakes or pressure transducer will be in a zone of calm water, where 

stream velocities are low, with minimal surface wave influence. Avoid areas of deposition, where 

siltation of the site may become an issue. 

• If the gauge is located at or near a bridge, locate the gauge on the downstream side, where the 

bridge structure may help to protect your stream-gauging site. 

• Place the gauge intakes or pressure transducer low enough to record the lowest expected stage. 

In cold climates, place your pressure transducer in an area with deeper water (2 to 3 feet at 

lowest stage anticipated) to minimize chances of freezing. 
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• Locate the instrument shelter or data logger location above the 0.5 percent exceedance (200-

year) flood level, if possible. If not possible, locate the shelter as close to this point as possible. 

• Ensure that the site has suitable locations for at least one auxiliary (or reference) gauge. 

• Ensure that the site allows for establishment of an accurate datum. Locate reference marks 

both on and off the gauge structure, and check at regularly established intervals. 

5.7.3 Base and Reference Gauge Description 

For discussion in this SOP, the gauge used to collect primary gauge-height information is referred to 

as the base gauge. In addition to the installation of the base gauge, a reference gauge should also 

be installed. The reference gauge for an automatic recording gauging station is a non-recording 

gauge used to set recorders, data loggers and associated transducers, or transmitters from which 

the primary gauge-height record is obtained. For gauges without stilling wells, the reference gauge is 

usually mounted directly in or over the stream (dependent on type), designated specifically to be the 

reference gauge, and generally referred to as an outside gauge. The reference gauge can be a staff 

gauge, wire weight gauge, chain gauge, or other type of gauge. Ideally, the reference gauge is 

installed as close as possible to the base gauge and should be set to the same stage height as the 

base gauge, as read during installation of the system (Sauer and Turnipseed 2010b). The electronic 

data logger and transducer cables shall be installed by the geologist/environmental scientist in 

accordance with the manufacturer’s instructions. All cabling should be protected from the elements 

and wildlife by installing it inside a conduit along its entire length. The data logger may be placed 

near the stilling well or mounted on a post. If mounted on a post, the data logger shall be housed in a 

protective cabinet. 

5.7.4 Staff Gauge Installation 

The staff gauge may be installed either vertically or inclined. The standard U.S. Geological Survey 

(USGS) vertical staff gauge consists of either a steel or fiberglass section approximately 0.33 feet 

wide, 3.50 feet long, with graduations showing stage height every 0.02 foot. Vertically installed staff 

gauges are set by leveling directly to the gauge and must be installed on a structure that will not 

receive damage from flood flows, ice, or debris in the channel. Inclined staff gauges usually consist 

of heavy timbers securely attached to a permanent foundation (Sauer and Turnipseed 2010b). 

Inclined staff gauges are generally less likely to be damaged by flood flows or ice but require a more 

rigorous installation and will induce an offset in reading produced by Campbell Scientific pressure 

transducers, which must be accounted for in order for the readings to be useful. 

5.7.5 Gauge Datum 

Once both the base and reference gauge are installed, the gauges must be surveyed and referenced 

to a recognized datum. The datum may be a recognized datum, such as the North American Vertical 

Datum of 1988 (NAVD 1988) or the National Geodetic Vertical Datum of 1929 (NGVD 1929) or an 

arbitrary datum near the site, chosen for convenience. If an arbitrary datum is chosen, the installer 

must be certain that the datum will remain stationary over very long time frames (greater than 25 to 

50 years). A permanent gauge datum should be maintained, if at all possible, so that only one datum 

is used for the life of the gauging station. For each gauging station, a permanent datum should be 

maintained that has at least three permanent reference marks that are independent of the gauge 

structure. For gauging stations located at bridges, at least one reference mark should be used that is 

located away from the bridge structure, preferably out of the right-of-way easement (Sauer and 

Turnipseed 2010b). To ensure that the base and reference gauges have not changed relative to the 

datum, levels should be run periodically (e.g., every 2 to 3 years) to all gauges and reference marks. 

Further information concerning gauge datums, along with procedures and methodology for running 
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levels in accordance with accepted USGS standards are outlined in Kenney (2010) and Sauer and 

Turnipseed (2010b). 

5.7.6 Rating Curve Development 

In surface water hydrology, a rating curve is a plot of stage versus discharge, for a given stream 

cross-section. The rating curve is developed from empirical evidence, collected from many (greater 

than 10) manual stream-gauging events. Upon installation of a permanent gauging station, the 

channel cross-section must be surveyed so that users of the rating curve and data generated from it 

will be able to ascertain if changes in channel geometry occur over time, as these changes have the 

potential to affect the rating curve. Once the channel geometry is surveyed and understood, data 

collection for development of the rating curve may begin. Methodologies for rating curve data 

collection are as follows: 

• In the field logbook, note the date, time, weather conditions, stream channel conditions, stream 

turbidity, and any other pertinent information about the site. 

• Collect and compute stream channel discharge using the velocity-area method. 

• Manually read the reference (staff) gauge to the nearest 0.01 foot; if wave action precludes 

accurate reading, take the average of the highest and lowest readings observed during 

approximately 30 seconds. 

• Collect stage data from the onsite data logger. Quality check the downloaded data set before 

leaving the site. Note the transducer stage reading closest to the time of the manual discharge 

measurement in the logbook. 

The project manager or site geologist will input the collected data into the graph used to develop the 

rating curve. 

5.7.7 Methodology 

Installation. After a suitable location has been chosen for the base gauge, a stilling well or 

appropriate housing for the pressure transducer must be installed. For this installation, a screened 

galvanized-steel pipe, allowing hydraulic connectivity between the pipe and the surrounding stream 

water is appropriate. The pipe will be mounted securely either by driving the pipe into the bed 

material, or by securing the pipe to a steel post, bridge abutment, gabion, or other stationary point 

within the stream channel. Final gauge installation will be dependent upon site characteristics 

determined by the field geologist or environmental scientist during gauge installation.  

The following list includes items that are needed for installation of a permanent gauging site: 

• Campbell Scientific CS450 (or compatible) submersible pressure transducer, with adequate 

cable 

• Campbell Scientific CR206X (or compatible) data logger 

• Campbell Scientific RF430 (or compatible) spread spectrum transceiver 

• Associated cables, wire, splices, for all loggers and peripherals 

• 12-volt power source (battery and charging source) 

• Digital multi-meter  

• PC with LoggerNet software installed 

• Peripheral data cables (RS-232 or RS-232 to USB converter) 

• Weather proof enclosure for data logger and power source (Campbell ENC 10/12 Enclosure or 

compatible) 

• Top-setting rod 
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• Flow meter 

• Manufacturer’s operating manuals 

• Staff gauge 

• Hardware/tools to complete install (2 by 4s, pipe, cordless drill, screwdrivers, hammer, etc.) 

• Galvanized pipe with screened interval 

• Concrete anchors 

• Field logbook 

• Field binder, including: 

− Transducer performance check and maintenance forms 

− Cross-section 

• Measuring tape 

• Waterproof ink pens 

• Waders 

• Paper towels 

• Duct tape 

• Desiccant packs 

• Conduit 

• Concrete 

• Shovel 

 

Data Retrieval. Once the rating curve is developed, data from the transducers will be downloaded on 

a monthly basis, typically concurrent with the monthly manual stream gauging and surface event 

sampling.  

Preventive Site Maintenance and Troubleshooting. At every visit, field personnel will collect data and 

visually inspect wiring and physical conditions of the site. Field personnel will also check indicating 

desiccant or enclosure humidity indicator; service if necessary, check battery condition (inspect 

physical appearance and use a keyboard display or laptop to view the battery voltage and other 

recent data, adjust transducer offsets if necessary). When installing or otherwise handling any 

transducer, use caution to avoid dropping the transducer accidently, and never allow the transducer 

to freefall into a stilling well or standpipe. The pressure sensor is very sensitive, and sudden shock 

can damage the transducer. If the transducer is not functioning properly, inspect the cable for 

damage, check the connection to the data logger or power source, and inspect the vent cable for 

moisture. If the transducer cannot be repaired to proper functioning condition, remove it for service 

by the manufacturer. Never attempt to service a data logger or transducer by taking it apart. 

Equipment Calibration. Pressure transducers are available that require no field calibration (e.g., In-

Situ Inc. PXD-260); however, many need to be sent back to the manufacturer for occasional 

servicing. If maintenance is scheduled in advance, a rental unit can usually be procured to avoid 

gaps in data collection. Periodic manual measurement of the staff gauge shall be performed as a 

check on the water level data recorded by a data logger. Furthermore, validation of the rating curve 

will be performed using discharge data collected manually during each surface water sampling 

event. 
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Section 6: Quality Assurance/Quality Control 
Quality assurance activities that apply to the implementation of these procedures are located in 

the site quality assurance project plan (QAPP). In addition, the following general procedures 

apply: 

• All data must be documented on field data sheets or within site logbooks. Logbooks will contain 

a signature page that will list the printed name, signature, initials, and title of personnel entering 

information into a logbook. Any person entering information on a logbook page will initial the 

upper right-hand corner of the logbook. Any errors made will be corrected by striking through the 

erroneous information with a single line, and the person performing the correction will initial and 

date the correction. 

• All instrumentation must be operated in accordance with operating instructions as supplied by 

the manufacturer, unless otherwise specified in the work plan. Equipment calibration activities 

must occur prior to sampling/operation, and they must be documented in the logbook, including 

the name, title, date, and signature of the person performing the calibration. Calibration 

standard lot numbers will be noted, as well as any unanticipated readings/behavior of the 

calibrated instrument. 

• The Cutthroat flume will be inspected prior to measurement of discharge to determine that the 

flume is discharging freely. Any problems observed during the inspection will be noted and 

reported to the project manager. 

Descriptions of any deviations and the reason for deviations from the site QAPP or this SOP 

should be noted in the field notebook, as necessary. In addition, the logbook should track 

pertinent measurement collection information such as: 

• Date/time 

• Personnel 

• Weather conditions 

• Location identification information 

• Plan for the shift 

• Brief summary describing activities conducted in the field, along with corresponding results 

and/or observations 

Section 7: References 
Marsh McBirney, Inc., 1990. Flo-Mate Model 2000 Portable Flowmeter Instruction Manual. December.  

Teledyne RD Instruments, Inc. 2009a. StreamPro ADCP Operational Manual. November. 

Teledyne RD Instruments, Inc. 2009b. StreamPro ADCP Quick Start Manual. November.  

Teledyne RD Instruments, Inc. 2009c. StreamPro Discharge Measurement Summary. November.  

Teledyne RD Instruments, Inc. 2009d. StreamPro Software User’s Guide. November. 
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Upstream 

Gauge (ft) 

gpm 

1" 

gpm 

2" 

gpm 

4" 

gpm 

8" 

cfs 

1" 

cfs 

2" 

cfs 

4" 

cfs 

8" 

0.10 2.25 4.58 9.32 19.0 0.005 0.010 0.021 0.042 
0.11 2.72 5.54 11.3 23.0 0.006 0.012 0.025 0.051 

0.12 3.24 6.60 13.4 27.4 0.007 0.015 0.030 0.061 

0.13 3.80 7.74 15.8 32.1 0.008 0.017 0.035 0.072 

0.14 4.41 8.98 18.3 37.2 0.010 0.020 0.041 0.083 

0.15 
5.06 10.3 21.0 42.8 

0.011 0.023 0.047 0.095 

0.16 5.76 11.7 23.9 48.6 0.013 0.026 0.053 0.108 

0.17 6.50 13.2 26.9 54.9 0.014 0.029 0.060 0.122 

0.18 7.29 14.8 30.2 61.6 0.016 0.033 0.067 0.137 

0.19 8.12 16.5 33.6 68.6 0.018 0.037 0.075 0.153 

0.20 
9.00 18.3 37.3 76.0 

0.020 0.041 0.083 0.169 

0.21 9.92 20.2 41.1 83.8 0.022 0.045 0.092 0.187 

0.22 10.9 22.2 45.1 92.0 0.024 0.049 0.101 0.205 

0.23 11.9 24.2 49.3 101 0.027 0.054 0.110 0.224 

0.24 13.0 26.4 53.7 109 0.029 0.059 0.120 0.244 

0.25 
14.1 28.6 58.3 119 

0.031 0.064 0.130 0.265 

0.26 15.2 31.0 63.0 128 0.034 0.069 0.140 0.286 

0.27 16.4 33.4 67.9 139 0.037 0.074 0.151 0.309 

0.28 17.6 35.9 73.1 149 0.039 0.080 0.163 0.332 

0.29 18.9 38.5 78.4 160 0.042 0.086 0.175 0.356 

0.30 
20.3 41.2 83.9 171 

0.045 0.092 0.187 0.381 

0.31 21.6 44.0 89.6 183 0.048 0.098 0.200 0.407 

0.32 23.0 46.9 95.4 195 0.051 0.104 0.213 0.434 

0.33 24.5 49.9 101 207 0.055 0.111 0.226 0.461 

0.34 26.0 52.9 108 220 0.058 0.118 0.240 0.489 

0.35 
27.6 56.1 114 233 

0.061 0.125 0.254 0.519 

0.36 29.2 59.4 121 246 0.065 0.132 0.269 0.549 

0.37 30.8 62.7 128 260 0.069 0.140 0.284 0.580 

0.38 32.5 66.1 135 274 0.072 0.147 0.300 0.611 

0.39 34.2 69.7 142 289 0.076 0.155 0.316 0.644 

0.40 36.0 73.3 149 304 0.080 0.163 0.332 0.677 

0.41 37.8 77.0 157 319 0.084 0.172 0.349 0.712 

0.42 39.7 80.8 164 335 0.088 0.180 0.366 0.747 



BASKI, Inc. 
Ph. 303-789-1200 Fx. 303-789-0900 

Collapsible Cutthroat Flume 
For free discharge, downstream height ÷ upstream height must be less than 0.5. 

 

 

 

Upstream 

Gauge (ft) 

gpm 

1" 

gpm 

2" 

gpm 

4" 

gpm 

8" 

cfs 

1" 

cfs 

2" 

cfs 

4" 

cfs 

8" 

0.43 41.6 84.7 172 351 0.093 0.189 0.384 0.783 
0.44 43.6 88.7 180 368 0.097 0.198 0.402 0.820 

0.45 45.6 92.7 189 385 0.102 0.207 0.421 0.857 

0.46 47.6 96.9 197 402 0.106 0.216 0.439 0.896 

0.47 49.7 101 206 420 0.111 0.225 0.459 0.935 

0.48 51.8 106 215 438 0.116 0.235 0.478 0.975 

0.49 54.0 110 224 456 0.120 0.245 0.499 1.02 

0.50 56.3 115 233 475 0.125 0.255 0.519 1.06 

0.51 58.5 119 242 494 0.130 0.265 0.540 1.10 

0.52 60.8 124 252 514 0.136 0.276 0.562 1.14 

0.53 63.2 129 262 534 0.141 0.287 0.583 1.19 

0.54 65.6 134 272 554 0.146 0.298 0.606 1.23 

0.55 68.1 139 282 575 0.152 0.309 0.628 1.28 

0.56 70.6 144 292 596 0.157 0.320 0.651 1.33 

0.57 73.1 149 303 617 0.163 0.332 0.675 1.38 

0.58 75.7 154 314 639 0.169 0.343 0.699 1.42 

0.59 78.3 159 324 661 0.175 0.355 0.723 1.47 

0.60 81.0 165 336 684 0.180 0.367 0.748 1.52 

0.61 83.7 170 347 707 0.187 0.380 0.773 1.58 

0.62 86.5 176 358 730 0.193 0.392 0.798 1.63 

0.63 89.3 182 370 754 0.199 0.405 0.824 1.68 

0.64 92.2 188 382 778 0.205 0.418 0.851 1.73 

0.65 95.1 194 394 803 0.212 0.431 0.877 1.79 

0.66 98.0 200 406 828 0.218 0.444 0.905 1.84 

0.67 101 206 418 853 0.225 0.458 0.932 1.9 

0.68 104 212 431 879 0.232 0.472 0.96 1.96 

0.69 107 218 444 905 0.239 0.486 0.989 2.02 

0.70 110 224 457 931 0.246 0.500 1.02 2.07 

0.71 113 231 470 958 0.253 0.514 1.05 2.13 

0.72 117 237 483 985 0.26 0.529 1.08 2.19 

0.73 120 244 497 1013 0.267 0.544 1.11 2.26 

0.74 123 251 510 1040 0.275 0.559 1.14 2.32 

0.75 127 258 524 1067 0.282 0.574 1.17 2.38 

11/1/2001 flumetable3
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