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Section 1    Introduction 

1.1 Background of DELCORA’s Facilities 

Delaware County Regional Water Quality Control Authority (DELCORA) is responsible for the 

collection, transmission, treatment and disposal of approximately 65 million gallons per day 

(MGD) of wastewater generated in southeastern Pennsylvania. DELCORA’s facilities serve 

residential, commercial, institutional, and industrial customers in Delaware County. DELCORA 

owns and operates an extensive system of pump stations, force mains, and sewers that provide the 

core infrastructure for the transmission of wastewater to treatment facilities in Delaware County 

and the City of Philadelphia as shown diagrammatically in Figure 1-1. The total service area served 

by DELCORA, as shown on Figure 1-2, is approximately 82,977 acres which illustrates that 

DELCORA serves a significant and widespread portion of Delaware County. 

The combined sewer area simulated in DELCORA’s existing Hydrologic and Hydraulic model is 

located within the City of Chester and consists of a drainage area of approximately 1,510 acres. It 

comprises approximately half of Chester City’s serviced area. To support the service area, 

DELCORA owns and operates over 129 miles of separate and combined sewers. Included in the 

129 miles of sewers are: 11.7 miles of an interceptor system; 3,209 manholes; and twenty-five (25) 

combined sewer outfall regulators controlling storm overflows. The location of Chester City’s 

service area is illustrated on Figure 1-2. 

Historically, DELCORA has characterized its service areas as “Eastern” and “Western.”  The 

Western service area discharges to DELCORA’s Western Regional Treatment Plant (WRTP). The 

Eastern service area discharges to the Philadelphia Water Department’s Southwest Water Pollution 

Control Plant (PWDSWPCP). In 2002, DELCORA completed the installation of a force main that 

connects the Eastern Service Area’s Central Delaware Pump Station (CDPS) to the Chester Force 

Main. This connection allows DELCORA to send flow from the CDPS to the WRTP. Flows above 

20 MGD are directed to the PWDSWPCP. As such, dry weather flows and a portion of the wet 

weather flows (total flow less than 20 MGD) from the Central Delaware County Authority in the 

Eastern Service Area are discharged to the WRTP. 

There are a total of 26 combined sewer overflow outfalls listed with 25 discharge points (Outfall 

#009 and #010 both discharge at Outfall #009) in DELCORA’s existing National Pollutant 

Discharge Elimination System (NPDES) Permit. Under its NPDES Permit No. PA0027103, issued 

and administered by the Pennsylvania Department of Environmental Protection (PADEP), 

DELCORA is authorized to discharge from the Western Regional Treatment Plant (Outfall #001), 

four storm water outfalls at the WRTP (028-031) and from 26 combined sewer overflow outfalls 

(#002-#026, #032, #033) that ultimately discharge to the Delaware River, Chester Creek and/or 

Ridley Creek.  
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Figure 1-1: DELCORA’s Conveyance System  
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Figure 1-2: DELCORA’s Service Area 
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Part C – Other Requirements, Section V – Combined Sewer Overflows of the NPDES Permit 

details DELCORA’s responsibilities with respect to the CSO system including reporting, 

continued implementation of and continued compliance with the Nine Minimum Controls (NMC), 

and implementation of the existing Long-Term Control Plan (LTCP) dated April 1999 and the July 

2008 addendum to the LTCP until the updated LTCP is approved. 

1.2 DELCORA Facilities 

DELCORA’s Western service area wastewater is treated at the WRTP located at 3201 W. Front 

Street in Chester, Pennsylvania. The WRTP treats all wastewater from Southern Delaware County 

Authority, Marcus Hook Borough, Trainer Borough, Upland Borough, Parkside Borough, 

Eddystone Borough, Chester Township and the City of Chester as well as a portion of the 

wastewater from Brookhaven Borough and Nether Providence Township. The City of Chester 

CSO system is described in detail in Section 1.3.2. 

One of the facilities in the City of Chester is the 40-MGD Chester Pump Station and the 48-inch-

diameter, PCCP force main that runs to the WRTP. DELCORA has completed construction of a 

54-inch-diameter ductile iron force main to replace the existing force main. In 2002, DELCORA 

completed a force main that connects the Central Delaware Pump Station via a 3.4-mile, 24-inch 

ductile iron force main to the Chester Force Main. This connection allows DELCORA to send up 

to 27 MGD of flow from the CDPS to the WRTP, however, DELCORA’s operating policy limits 

this flow to 20 MGD, with flows above this point to be directed to PWD SWPCP. Figure 1-1 shows 

the interconnections in DELCORA’s system. The left side of the figure indicates the Western 

service area and the right side indicates the Eastern service area. This interconnectivity coupled 

with the legal agreements DELCORA maintains with the municipalities and conveyance 

authorities in Delaware County creates the complicated legal/financial framework under which 

DELCORA operates. 

 

1.2.1 City of Chester CSO System 

As noted in Section 1.1, the combined portion of DELCORA’s sewer system is located within the 

City of Chester (City), and it comprises approximately half of the City’s service area. The 

combined wastewater/stormwater system in the City of Chester is complicated by the fact that 

parts of the system are owned, operated and maintained by two governmental entities, the City and 

DELCORA. DELCORA owns, operates and maintains the parts of the system that convey 

wastewater, such as the street sewers, collectors, interceptors, and CSO regulators and CSO 

outfalls. The City owns, operates and maintains the inlets, stormwater-only sewers that connect to 

the combined sewer system and any stormwater-only outfalls. The City is also responsible for the 

maintenance and cleaning of the streets, planning, zoning, and development controls. 

The Chester CSO system contains 26 permitted outfalls as listed in Table 1-1, and they discharge 

to three receiving water bodies: the Delaware River, Chester Creek, and Ridley Creek. Figure 1-1  

depicts the locations of CSO regulators and outfalls that are DELCORA’s responsibility. 
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Table 1-1:  Permitted CSOs in the City of Chester 

Name of Receiving 
Stream 

CSO 
Outfall 

Interceptor/CSO Regulator Location Latitude Longitude 

Delaware River 002 Front and Booth 39°49’30”N 75°23’31”W 

Delaware River 003 Front and Highland 39°49’34”N 75°23’11”W 

Delaware River 004 Front and Haves 39°50’36”N 75°23’07”W 

Delaware River 005 Front and Townsend 39°49’46”N 75°22’53”W 

Delaware River 007 Delaware and Reaney 39°49’51”N 75°22’45”W 

Delaware River 008 2nd and Tilghman 39°50’05”N 75°22’22”W 

Delaware River 009 2nd and Lloyd 39°50’14”N 75°22’10”W 

Delaware River(1) 010 5th and Pusey 39°50’26”N 75°22’19”W 

Delaware River 011 2nd and Parker 39°50’26”N 75°21’54”W 

Delaware River 013 2nd and Welsh 39°50’37”N 75°21’17”W 

Delaware River 014 3rd and Upland 39°50’50”N 75°21’05”W 

Delaware River(2) 032 2nd and Avenue of The States 39°50’34”N 75°21’25”W 

Chester Creek 012 2nd and Edgmont 39°50’42”N 75°21’38”W 

Chester Creek 019 14th and Crozer Hospital 39°51’24”N 75°21’54”W 

Chester Creek 020 Kerlin and Finland 39°51’24”N 75°22’27”W 

Chester Creek 021 9th and Sproul 39°51’08”N 75°21’49”W 

Chester Creek 022 6th and Sproul 39°50’56”N 75°21’47”W 

Chester Creek 023 3rd and Edgmont 39°50’45”N 75°21’42”W 

Chester Creek 024 3rd and Dock 39°50’44”N 75°21’43”W 

Chester Creek 025 5th and Penn 39°50’49”N 75°21’50”W 

Chester Creek 026 7th and Penn 39°50’58”N 75°21’55”W 

Ridley Creek 015 4th and Melrose 39°51’03”N 75°20’48”W 

Ridley Creek 016 8th and McDowell 39°51’15”N 75°20’53”W 

Ridley Creek 017 9th and Campbell 39°51’16”N 75°20’51”W 

Ridley Creek 018 Sun Drive and Hancock Street 39°51’47”N 75°20’57”W 

Ridley Creek(2) 033 Elkington Blvd & Ridley Creek 39°52’22”N 75°22’29”W 

Notes: 

(1) CSO #010 discharges to the Delaware River through CSO #009. 

(2) No mechanical regulator used for this outfall. 

Figure 1-3 provides a sewer system characterization and illustrate the breakdown of each outfall 

and how each drainage area has combined sewers and separate sewers. Figure 1-4 is a schematic 

of the Chester CSO system and shows the outfalls and the interceptors that are connected to each 

CSO. 
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Figure 1-3: Location of Regulators and Combined Sewer Outfalls With Drainage Areas 
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Figure 1-4: Schematic of Chester CSO System 
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1.3 Consent Decree 

On August 17, 2015, a Consent Decree was lodged in the United States District Court for the 

Eastern District of Pennsylvania that requires DELCORA to complete and submit a revised and 

updated LTCP to the United States Environmental Protection Agency (USEPA or EPA) and the 

Pennsylvania Department of Environmental Protection (PADEP or DEP) for review and approval. 

Consent Decree Paragraphs V.A.10.e and V.A.10.f require that the development of the LTCP 

include: 

V.A.10.e.  Develop and implementation of a Water Quality Model; 

V.A.10.f Characterization of the service area and the Receiving Waters as required by CSO 

Control Policy Paragraph II.C.1 and associated guidance. 

Consent Decree Paragraph V.A.15 (Water Quality Model Plan) requires that within 90 days after 

review and approval of the Alternatives Evaluation Approach, DELCORA shall submit a report to 

the USEPA and PADEP that describes the use of the Water Quality Model to support the 

Demonstration Approach consistent with Section II.C.4 of the CSO Control Policy and the 

Paragraph V.13 of the Consent Decree (Alternatives Evaluation). Section V.A.15.a of the Consent 

Decree specifically states: 

For each water body in which the Demonstration Approach is to be used, the Water Quality 

Model Plan shall address: 

(i) Background, Scope and Purpose, Description of the System; 

(ii) Water quality modeling software to be employed; 

(iii) Model configuration and development, including reaches to be modeled, and 

segmentation and boundary conditions; 

(iv) Calibration and validation (dry and wet weather), including events and data to be 

employed, detailed information regarding all additional data collection activities 

(if needed), quantitative and qualitative calibration criteria, and utilization of H&H 

Model outputs; 

(v) Use of the Water Quality Model to evaluate Typical Year in-stream conditions for 

each identified pollutant of concern; 

(vi) Schedule for model development and implementation, including integration into 

LTCP development consistent with other dates required pursuant to this Consent 

Decree. 
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1.4 QAPP Purpose and Objectives 

This Quality Assurance Project Plan (QAPP) has been developed to meet the requirements of the 

DELCORA Consent Decree Paragraph Section V.A.15.a.(iv) requiring detailed information 

regarding all additional data collection and water quality modeling activities. The purpose of the 

QAPP is to document the necessary procedures required to assure that the project is executed in a 

manner consistent with applicable U.S. EPA guidance documents and with generally accepted and 

approved quality assurance objectives. This QAPP is organized in accordance with the basic 

groups and subgroup elements discussed in the U.S. EPA guidance for QAPPs. The four basic 

groups include project management (Group A); data generation and acquisition (Group B); 

assessment and oversight (Group C); and data validation and usability activities (Group D). The 

groups are subdivided into elements covering specific topics related to each group. The Section 

and Subsection headings of this QAPP include references to the U.S. EPA QAPP Guidance group 

letters and element numbers to facilitate cross-reference with the Guidance.  

The QAPP integrates quality control policies and project-specific work tasks to successfully 

conduct water quality monitoring and modeling to support the CSO Long Term Control Plan 

update. Greeley & Hansen will serve as the contracting authority for the project and provide overall 

project management. LimnoTech will serve as technical advisors for the sampling program and to 

provide the data integration and interaction role. The field contractor (Weston Solutions) will 

conduct the actual sampling program. The laboratory contractor (Eurofin QC) will perform 

laboratory analysis for the project.  

The QAPP has been designed and organized in terms of compliance with U.S. EPA requirements. 

It is the overall intent of the QAPP to provide professional guidelines for activities by all personnel 

on the project and to ensure that quality assurance/quality control QA/QC procedures are followed. 
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Section 2    Project Management (Group A) 

2.1 Project/Task Organization (A.4) 

Each of the organizations included in the project team has established an organizational 
structure for providing technical direction and administrative control to accomplish quality-
related activities for the development of the project. Key project personnel and their 
corresponding responsibilities are listed in Table 2-1 below and shown in Figure 2-1. 

 

Table 2-1:  Key Personnel for the Water Quality Monitoring and Modeling 
QAPP 

Name/Affiliation Project Title Responsibility 

Michael DiSantis 
  DELCORA 

Program Manager Project oversight 

Charles Hurst, P.E. 
  DELCORA 

Program Coordinator Program management and coordination between 
contractors and DELCORA staff 

Michael Hope, P.E. 
  Greeley and Hansen 

Project Director Project direction, review/approval of work 
products 

Marlene Finizio 
Greeley and Hansen 

Project Manager Project management, coordination of overall 
work 

Anouk Savineau, P.E. 
  LimnoTech 

Water Quality Monitoring and 
Modeling Program Manager 

Overall water quality monitoring and modeling 
task coordination. 

Carrie Turner, P.E. 
  LimnoTech 

Water Quality Monitoring Program 
Task Leader 

Monitor conditions, decisions to initiate sampling 
events, compare data to QAPP objectives. 

Roger Lehman, P.E. 
Weston Solutions, Inc. 

Field Project Manager Receiving water and overflow sample collection, 
manage field staff and equipment development. 

Ann Smith 
Eurofins QC 

Laboratory Technical Director Supply sample bottles and chain-of-custodies. 
Ensure sample analysis is conducted to meet 
objectives of QAPP, coordinate sample transfer. 

Ray Fratti 
Eurofins QC 

Laboratory QA/QC Manager QA/QC review of laboratory data to ensure 
QAPP objectives are met. 

Jeremy Grush 
  LimnoTech 

Water Quality Modeling Task Leader Develop, calibrate and validate water quality 
model consistent with Work Plan. 

Matt Zelin, P.E. 
  LimnoTech 

Water Quality Data Management 
Task Leader 

Develop, manage, and maintain the water quality 
database. All data collected during the course of 
the study will be entered into a database. 
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The remainder of the project team is made up of engineers, scientists, and technicians. The 

disciplines represented include environmental assessment and modeling. Staff members 

within each organization will report to their project manager for technical and administrative 

direction. Each staff member has responsibility for performance of assigned quality control 

duties in the course of accomplishing identified sub-tasks. The quality control duties include:  

 Completing the assigned task on or before schedule and in a quality manner in 

accordance with established procedures; and 

 Ascertaining that the work performed is technically correct and meets all aspects of 

the QAPP. 
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Figure 2-1:  Project Team Organization 
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2.2 Problem Definition/Background (A.5) 

The Delaware County Regional Water Quality Control Authority (DELCORA) is responsible 

for the collection, transmission, treatment and disposal of approximately 65 million gallons 

per day (MGD) of wastewater generated in southeastern Pennsylvania. DELCORA’s 

facilities, described in Section 1.2 and shown diagrammatically in Figure 1-1, provide the core 

infrastructure for the transmission of wastewater to treatment facilities in Delaware County 

and the City of Philadelphia. DELCORA serves a significant and widespread portion of 

Delaware County and has a total service area of approximately 82,977 acres (Figure 1-2).  

The combined portion of DELCORA’s sewer system is located within the City of Chester 

(City), and it comprises approximately half of the City’s serviced area. The Chester combined 

sewer system includes 25 combined sewer overflow outfall locations that discharge to three 

receiving water bodies: the Delaware River, Chester Creek and Ridley Creek. The combined 

wastewater/stormwater system in the City of Chester is complicated by the fact that parts of 

the system are owned, operated, and maintained by two governmental entities, the City and 

DELCORA. Figure 1-3 shows the CSO regulators and outfalls that are DELCORA’s 

responsibility. DELCORA’s responsibilities with respect to the CSO system include 

reporting, continued implementation of and continued compliance with the Nine Minimum 

Controls (NMC), and implementation of the existing Long-Term Control Plan (LTCP) dated 

April 1999 and the July 2008 addendum. 

On August 17, 2015, a Consent Decree was lodged in the United States District Court for the 

Eastern District of Pennsylvania that requires DELCORA to complete and submit a revised 

and updated LTCP to the United States Environmental Protection Agency (USEPA or EPA) 

and the Pennsylvania Department of Environmental Protection (PADEP or DEP) for review 

and approval. The Water Quality Monitoring Program is one component of this Water Quality 

Model requirements in the Consent Decree (see Section 1.3) that will provide DELCORA 

with reliable and technically sound data to inform the development, calibration and validation 

of the Water Quality Model and decisions on CSO control alternatives. 

As part of DELCORA’s LTCP requirements, pollutants of concern (POCs) were identified 

and documented in the “Identification of Sensitive Areas and Pollutants of Concern Report” 

(Greeley and Hansen 2016). Three POCs were identified: fecal coliform, Escherichia coliform 

(E. coli), and Enterococcus. Available data for the POCs in the DELCORA combined sewer 

service area and adjacent watersheds are insufficient for developing a Water Quality Model 

that meets the requirements of the Consent Decree.  

A Water Quality Monitoring Work Plan has been developed to ensure that additional 

monitoring activities undertaken to support the development of the Water Quality Model and 

the LTCP update result in representative water quality and quantity information. A Water 

Quality Model Work Plan has also been developed to ensure that the Water Quality Model 

meets the requirements set forth in the Consent Decree (Section 1.3). This portion of the work 

plan describes the water quality model development, methods used to specify CSO and 

background sources, and the approach to model calibration and validation. This QAPP 
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describes the quality assurance/quality control component of the sampling program and the 

water quality model development. 

2.2.1 Water Quality Monitoring Objectives 

Under the Consent Decree requirements, DELCORA submitted a Pollutant of Concern report 

in February 2016, subsequently revised in May 2016 (Greeley and Hansen, 2016) that 

identified three indicator bacteria (fecal coliform, Escherichia coliform (E. coli), and 

enterococcus) as pollutants of concern (POC) that are potentially impacting the river during 

CSO discharges. The water quality monitoring objectives are to collect water quality data for 

the POCs during dry and wet weather event periods that can be used to characterize the 

bacteria sources in the Delaware River, Chester Creek, and Ridley Creek in the vicinity of the 

City of Chester, PA, and to calibrate and validate the Water Quality Model, consistent with 

the Consent Decree requirements in Paragraph V.A.15.a. Additional in situ parameters, such 

as salinity, temperature, and conductivity will also be collected to inform the development of 

the Water Quality Model. 

2.2.2 Water Quality Modeling Objectives 

The water quality modeling objectives are to develop a calibrated and validated Water Quality 

Model that can be used to assess impacts of the DELCORA combined sewer system overflows 

on current POC concentrations in the receiving waters as well as the relative water quality 

benefits from CSO control alternatives considered for DELCORA’s LTCP update consistent 

with the Consent Decree requirements in Paragraph V.A.15.a described in Section 1.3 of this 

report. The water quality impacts in the receiving waters will rely primarily on comparisons 

to applicable water quality standards or guidelines. 

In order to achieve these objectives, a CSO, a watershed, and a receiving water quality model 

will be created and connected (Figure 2-2). The CSO model, also called the “H&H” model, is 

currently being developed for the Long Term Control Plan, with calibration and validation to 

be completed in April 2017. The H&H model is designed to simulate CSO discharges from 

the DELCORA service area within the City of Chester. The watershed model is a new model 

that will be created to model the non-CSO areas that are adjacent to the spatial domain of the 

receiving water model. The watershed model will simulate discharges from these non-CSO or 

background sources. The receiving water model is also a new model that will be used to 

simulate the bacteria POC concentrations in the receiving waters, including the Delaware 

River, Chester Creek and Ridley Creek.   
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Figure 2-2:  DELCORA Water Quality Modeling Framework 

 
 

This project requires development and calibration of a receiving water quality model that can 

accurately simulate water quality in the Delaware River, Chester Creek and Ridley Creek. The 

project also requires a watershed model that can accurately simulate water quality in the 

portion of the watershed in the vicinity of Chester, PA outside the combined sewer system 

service area. Both models need to be capable of simulating the system under a range of 

environmental conditions so that they can be used to evaluate the benefits of CSO reduction 

scenarios. There are several objectives to consider when selecting appropriate modeling 

software for the watershed and receiving water model, including: 

 Technical objectives: can the model software adequately represent the physical, 

chemical, and temporal characteristics of the project site? Can it address the 

complexities of the project site without being overly complex or overly simplistic? 

 Regulatory objectives: Can the model software produce results that can be used to 

evaluate water quality against applicable water quality standards. Does it have a 

proven track record with similar regulatory projects? Will it help fulfill regulatory 

requirements as described in the Consent Decree? 

 User objectives: does the end user have the necessary hardware and expertise to 

properly apply the model software to its fullest potential? Are there financial 

constraints to be considered with the model? 
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Careful selection of the most suitable modeling platform was conducted prior to model 

development as discussed in the Water Quality Model Work Plan. A number of factors were 

considered in selecting the watershed and water quality models, including understanding of 

the project, knowledge of the available data gained through review of existing data, the project 

modeling objectives defined in the Consent Decree, and knowledge of available modeling 

platforms The modeling objectives, the model attributes to support model objectives, and the 

recommended modeling platform are described in the following sections of this QAPP. 

2.3 Project/Task Description (A.6) and Schedule 

The Water Quality Monitoring Program (WQMP) is designed to collect data that will be used 

to develop and calibrate watershed and receiving water quality models which will be used to 

assess water quality concerns for the POCs identified in the Identification of Sensitive Areas 

and Pollutants of Concern Report (Greeley and Hansen, 2016). Existing water quality data 

provide insight into the conditions in rivers and streams in the project area but are of 

insufficient frequency and spatial density to fully support the modeling process. In addition, 

E. coli, one of the identified POCs, was not monitored in the available data. 

The monitoring program will start in early spring 2017. The sampling events are planned to 

be distributed across the sampling season, which is assumed to be March through June 2017. 

Monitoring and sampling locations have been selected to characterize the watershed at a sub-

watershed level, recognizing various political and hydrologic features, land uses and potential 

pollutant sources. Site selection and analytical parameters are designed to characterize 

stormwater outfalls, CSOs, tributaries upstream and within the Chester CSO discharge area, 

and the main stem of the Delaware River in the project area. The sampling locations are shown 

in Figure 2-3 and listed in Table 2-2, Table 2-3, and Table 2-4. Sampling locations may be 

moved slightly if the accessibility and safety of the selected locations of the stations are below 

expectations. 

The WQMP is designed to collect data that will be used to assess water quality concerns 

identified in the Delaware River watershed and its tributaries, Chester Creek and Ridley 

Creek, in the vicinity of Chester, PA. In completing the initial step of characterizing the 

watershed, historical data was compiled, reviewed and assessed to determine the need to 

augment existing data to address the watershed issues identified. This review indicated that 

several of the POCs have not been sampled in the receiving waters and the data that have been 

collected are of insufficient frequency and spatial density to be useful in the modeling process. 

As a result of the data review, the need for additional water quality information was identified. 

The need to further characterize the Delaware River, Chester Creek and Ridley Creek under 

dry and wet weather conditions is required to support water quality modeling, pollutant source 

identification, the subsequent development of a preferred alternative for controlling 

DELCORA’s combined sewer overflows (CSO), and to allow DELCORA to complete its 

LTCP consistent with the Consent Decree. The need to characterize the watershed adjacent to  
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Chester’s combined sewer system under wet weather conditions is also required to support 

water quality modeling and to allow DELCORA to complete its LTCP consistent with the 

Consent Decree. 

Monitoring stations have been selected to characterize the watershed at a subwatershed level 

recognizing various political and hydrologic features, land use and potential pollutant sources. 

Site selection and analytical parameters are designed to characterize stream segments and 

pollutant sources primarily along the main stem and select tributaries. The sampling locations 

are shown in Figure 2-3 and listed in Table 2-2, Table 2-3, and Table 2-4. The tables include 

summaries of the rationales for each sampling location selected. The Chester Creek and Ridley 

Creek locations were selected to distinguish, to the extent possible, between upstream, 

stormwater and Chester CSO pollutant loads. The Delaware River sampling locations will 

provide a characterization of water quality entering the Chester CSO area from either tidal 

direction as well as water quality within the CSO discharge area. During wet weather, three 

samples will be collected across the transect corresponding to the DR-04 sampling location 

during each sampling round, when sampling across the river is feasible, to characterize lateral 

variability in the Delaware River during storm events. Delaware River conditions may be too 

hazardous for safe collection of one or more samples and/or sampling rounds (e.g. during 

periods of heavy barge traffic, small craft advisories, lightning, etc.). When these conditions 

occur, sampling will not be conducted in the river for safety reasons. 

The CSO sampling locations were selected based on their outfall discharge location, relatively 

high frequency of overflow, their overflow volume, and their accessibility. The stormwater 

sampling locations were selected to characterize the water quality associated with the 

predominant land uses (residential and commercial/industrial) in the study area. Each 

stormwater sampling location is in an area that is representative of the land use elsewhere in 

the City’s stormwater area. 

Note that it may be necessary to adjust the one or more sampling locations in response to 

hazards, construction or other factors that affect the safety of field sampling personnel. The 

CSO and stormwater sampling locations will be finalized prior to the initiation of the sampling 

program based on accessibility of sampling, safety of sampling personnel, equipment risk, and 

available resources. 
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Figure 2-3:  Proposed Receiving Water (RW), Combined Sewer (CSO) and Stormwater (SW) Monitoring Locations
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Table 2-2. Tributary Receiving Water Sampling Locations  

Station ID Latitude1 Longitude1 Receiving Water Type Description Rationale 

CC-01 39.850122 -75.386348 Chester Creek Tributary Chester Creek at Upland-Incinerator 
Rd. 

Upstream of all City sources and 
upstream of tidal influence 

CC-02 39.850709 -75.365530 Chester Creek Tributary Chester Creek at the 9th St Bridge; 
54 W 9th St 

Characterize impacts from non-CSO 
urban runoff sources 

CC-03 39.845227 -75.360284 Chester Creek Tributary Chester Creek at E 2nd St., William 
Penn’s Landing Park 

Characterize impacts from all CSOs 
discharging to Chester Creek 

RC-01 39.873264 -75.375183 Ridley Creek Tributary Ridley Creek at Chester Park Drive 
Bridge; 298 East Elkington Blvd 

Upstream of all City sources and 
upstream of tidal influence 

RC-02 39.863016 -75.348686 Ridley Creek Tributary Ridley Creek at Morton Ave. Bridge; 
1300 Sun Drive 

Characterize impacts from non-CSO 
urban runoff sources  

RC-03 39.853435 -75.346350 Ridley Creek Tributary Ridley Creek at East 4th St. 
(Harrah’s) Bridge 

Characterize impacts from all CSOs 
discharging to Ridley Creek 

Notes: 
1 GPS Coordinates, WGS 1984 
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Table 2-3. Main Stem Receiving Water Sampling Locations 

Station ID Latitude1 Longitude1 Receiving Water Type Description Rationale 

DR-01 39.85282 -75.3299 Delaware River Main stem Delaware River between Ridley 
Creek and Crum Creek 

“Upstream” of DELCORA’s CSO 
discharges2 

 

DR-02 39.84715 -75.3462 Delaware River Main stem Delaware River between CSO-
14 and Ridley Creek 

Characterize Ridley Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-03 39.8398  -75.3606 Delaware River Main stem Delaware River between CSO-
11 and Chester Creek 

Characterize Chester Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-04 39.83132 -75.3766 Delaware River Main stem Delaware River at the boat 
launch off Highway 322 

Priority area, in the lower Delaware River 
(Primary contact area) 

 

DR-05 39.82182 -75.3917 Delaware River Main stem Delaware River between CSO-
002 and Stony Creek 

“Downstream” of DELCORA’s CSO 
discharges2, in the Atlantic sturgeon 
sensitive area 

DR-063 39.82636 -75.371 Delaware River Main stem Delaware River mid-stream 
along the transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

 

DR-073 39.82203 -75.3665 Delaware River Main stem Delaware River far shore (left 
descending bank) along the 
transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

 

Notes: 
1 GPS Coordinates, WGS 1984 

2 “Upstream” and “downstream” subject to tidal conditions at time of sampling 
3 These locations will be sampled during the wet weather events only, when river conditions permit. POC concentrations are assumed to be laterally well-mixed 
during dry weather due to the absence of significant pollutant sources. 
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Table 2-4. CSO and Stormwater Sampling Locations  

Station ID Latitude1 Longitude1 Receiving 
Water 

Type Description Rationale 

CSO-19 39.857132 -75.366105 Chester Creek CSO 14th and Crozer Hospital; 1 
Medical Center Blvd 

 

 

Discharges to Chester Creek, one of the 
largest volume CSOs in DELCORA system 

 

CSO-05 39.832598 -75.383958 Delaware River CSO  Front and Townsend; 101 
Townsend St 

 

 

Discharges to Delaware River, one of the 
largest volume CSOs in DELCORA system 

 

CSO-02 39.828334 -75.392570 Delaware River CSO Front and Booth; 100 Booth St Aggregates cumulative effect of CS 
conditions, one of the volume CSOs in 
DELCORA system 

 

CSO-18 39.863501 -75.349203 Ridley Creek CSO Sun Drive and Hancock St.; 
1310 Sun Dr 

 

 

Discharges to Ridley Creek 

SW-05A 39.838501 -75.387708 Chester Creek SW 7th and Engle Street; by tennis 
courts 

Characterize runoff quality from 
predominantly residential area 
representative of the residential portion of the 
study area 

SW-SS2 39.832853 -75.384193 Delaware River SW Front and Townsend; 105 
Townsend St 

Characterize runoff quality from 
predominantly commercial/industrial area 
representative of the commercial/industrial 
portion of the study area 

Notes: 
1 GPS Coordinates, WGS 1984 
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2.3.1 Scope of Sampling 

This section describes the scope of water quality sampling to be completed for this project. 

Dry Weather Sampling 

Collection of water quality samples will be performed for three (3) dry weather events; with 

one dry weather sampling event planned to be collected during a low-flow period (less than 

25th percentile flow) in Chester Creek and Ridley Creek (if possible). Two rounds of sampling 

will be conducted for each dry weather survey: one round to be completed during ebb 

(outgoing) tide and the second round to be completed during flood (incoming) tide. 

Dry weather event samples will be taken at up to eleven (11) locations: 

 Three (3) locations on Chester Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to 

DELCORA’s CSO discharges and the area adjacent to the City of Chester outside the 

combined sewer service area. Additionally, because DELCORA’s CSO discharges are 

within the tidal extent of the Delaware Bay, the downstream sampling locations will 

also reflect these tidal influences on water quality. 

 Three (3) locations on Ridley Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to 

DELCORA’s CSO discharges and the area adjacent to the City of Chester outside the 

combined sewer service area. Additionally, because DELCORA’s CSO discharges are 

within the tidal extent of the Delaware Bay, the downstream sampling locations will 

also reflect these tidal influences on water quality. 

 Five (5) locations on the Delaware River that will characterize water quality in the 

vicinity of DELCORA’s CSO discharges. Sampling locations have been selected to 

separate, to the extent possible, the effect of DELCORA’s CSOs on water quality from 

other sources contributing pollutants to the waterways. Sampling will be conducted 

near the shoreline adjacent to the City of Chester. 

The locations of these stations are shown in Figure 2-3. Details for these stations are provided 

in Table 2-2 and Table 2-3. The set of parameters for which the samples will be analyzed is 

provided in Table 2-4. 

In-situ measurements of physical parameters, such as salinity, temperature, and conductivity 

will be collected at each sampling location with a sonde. In the Delaware River, in situ 

measurements will be made at three depths at each sampling location during each round of 

sampling. Grab samples will be collected near the surface in each waterway.  
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Wet Weather Event Sampling 

Collection of water quality samples will be performed for three (3) wet weather events. The 

purpose of the wet weather sampling is to characterize the impact of CSO discharges and non-

CSO source runoff on in-stream water quality. The wet weather events will span a range of 

precipitation, flow and seasonal conditions.  

Wet weather event samples will be taken at all 13 in-stream locations as well as at up to six 

source locations in the intervals described below: 

 Six (6) In-Stream Tributary Sampling Locations: Three (3) locations will be on 

Chester Creek and three (3) locations on Ridley Creek. The locations will be the same 

locations used for the dry weather surveys. Tributary locations will be sampled up to 

five times per event at the following approximate intervals: Hour 0.5-2.5, Hour 4.5-6.5, 

Hour 8.5-10.5, Hour 14.5-16.5, and Hour 22-24. Sampling intervals will be defined by 

the start of rainfall rather than CSO or SSO activation. A total of 30 samples will be 

collected during each wet weather sampling event from in-stream locations. One field 

blank and one field duplicate will be collected during each event to be used as field 

quality control (QC). 

 Up to Seven (7) In-Stream Delaware River Locations: Up to seven locations will be 

on the Delaware River and will be sampled up to ten times per event at the following 

approximate intervals: Hour 0, Hour 2, Hour 4, Hour 6, Hour 9, Hour 12, Hour 15, 

Hour 18, Hour 21, and Hour 24. Sampling intervals will be defined by the start of 

rainfall rather than CSO or SSO activation. The frequency of sampling is intended to 

capture in-stream impacts in the vicinity of DELCORA’s service area from both 

DELCORA’s CSOs as well as upstream sources. Two additional locations on the 

Delaware River, one at mid-stream and one near the far shore, have been added to 

characterize lateral variability in water quality during storm event conditions, when 

sampling across the river is feasible. The sampling regimen is also designed to allow a 

semi-quantitative mass balance to be computed over a complete tidal cycle. A total of 

70 samples may be collected during each wet weather sampling event. If river 

conditions are unsafe for sampling (e.g. small craft advisories, heavy barge traffic, etc.), 

sampling may be suspended for one or more locations and/or sampling rounds. One 

field blank and one field duplicate will be collected during each event to be used as 

field QC. Final selection of sampling locations and sampling intervals will be 

determined prior to the start of the sampling program and will be based on logistic 

considerations (e.g. can seven locations be sampled and dropped off to a courier within 

the 3 hour sampling window), safety and accessibility to the Delaware River, and 

available resources. 

 Up to Six (6) Outfall Locations: Sampling will be conducted at up to two (2) 

stormwater outfalls and up to four (4) combined sewer overflow outfalls. The CSO and 

stormwater sampling locations will be finalized prior to the initiation of the sampling 
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program based on accessibility of sampling, safety of sampling personnel, equipment 

risk, and available resources.  

It is assumed that each of the outfall locations will have up to eight sets of samples 

collected for each event at the following intervals: 1st flush, 30 minutes, and 60 

minutes, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours. If a location is not flowing, no 

sample will be collected. As many as 48 samples may be collected during each wet 

weather sampling event, depending on the number of monitored outfalls and if all 

monitored outfalls discharge for 24 hours. However, the actual number of samples is 

likely to be less than the amount indicated since it is unlikely that all of the monitored 

outfalls will discharge for the full 24 hour monitoring period. One field blank and one 

field duplicate will be collected during each event to be used as field QC. 

The location of these stations are shown in Figure 2-3. Details for these stations are provided 

in Table 2-2, Table 2-3, and Table 2-4. The set of parameters for which the samples will be 

analyzed are summarized in Table 2-5. In situ measurements will not be collected at the outfall 

locations. 

Sampling crews will conduct all wet weather event sampling using the protocols described in 

the Quality Assurance Project Plan. Samples will be delivered to the laboratory where the 

samples will be analyzed for the laboratory parameters identified in Table 2-5.  

Determination to mobilize for a Wet Weather Event will be a collaborative effort between 

Greeley and Hansen, LimnoTech, the field sampling contractor and the laboratory contractor 

personnel. The intent is to identify a 4 to 6 hour window in which a wet weather event may 

commence 24 hours in advance to assist in mobilization of the sampling crews. 

Table 2-5:  Analytical and Field Parameters 

Parameter Description Sampling Program Type of 
Measurement 

E. coli  Escherichia coliform Dry, Wet Grab 

Enterococcus Enterococcus sp. Dry, Wet Grab 

Fecal coliform Fecal coliform Dry, Wet Grab 

wTemp Water temperature Dry, Wet Receiving Water Only In-situ 

Cond Conductivity Dry, Wet Receiving Water Only In-situ 

Salinity Salinity Dry, Wet Receiving Water Only In-situ 

Tributary Bathymetry 

The project team has requested HEC models of the receiving waters from the U.S. Army Corps 

of Engineers. However, in the absence of these models, additional bathymetry data is needed 

for the tributaries to inform the development of the water quality model. If required, 

bathymetry surveys will be conducted in approximately the lower three miles of both Chester 

Creek and Ridley Creek, corresponding to the approximate extent of the water quality model  
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domain. Because these reaches are in the tidal zone, they are unlikely to be wadeable so each 

transect will be characterized using a boat and a combination of sonar and ADCP profiler 

equipment. Transects will be spaced approximately every 0.25 miles or at significant 

morphometric features (e.g. dams, islands, etc.). 

2.3.2 Water Quality Model Attributes and Platform 

The Water Quality Model is a tool that computes the movement and concentrations of 

pollutants in water bodies of interest. Many water quality model codes are available and these 

models vary in their recognition by USEPA and their applicability to the Delaware River and 

its tributaries. LimnoTech reviewed a range of potentially applicable hydrodynamic and water 

quality models and has identified USEPA’s Environmental Fluid Dynamics Code (EFDC) as 

the model framework most appropriate for the DELCORA receiving waters. This modeling 

framework computes water depths and velocities to inform predictions of bacteria water 

quality conditions. EFDC is selected over other candidate modeling frameworks due to its 

flexible and scalable design, computational efficiency and wide application base at similar sites 

around the United States. This model is supported by USEPA and has been successfully 

applied by the project team at similar sites and to meet similar project objectives (Ohio River, 

James River, Berry’s Creek). 

It may be beneficial to couple EFDC with another model to reduce simulation run times. EFDC 

could be used to compute hydrodynamics and those results could be linked to the RCA (Row-

column AESOP) water quality model for water quality calculations. This potential approach 

would reduce model run times by allowing for a longer time step and for a smaller water quality 

model extent. RCA, like EFDC, is a highly regarded water quality model that has been applied 

at numerous sites by the project team (Lake Erie, Mississippi River, Great Miami River). 

LimnoTech also reviewed a range of potentially applicable watershed runoff models and has 

identified USEPA’s Storm Water Management Model (SWMM) as the model framework most 

appropriate for the DELCORA watershed model. This modeling framework simulates 

hydrologic and water quality conditions in the watershed to estimate runoff and pollutant 

concentrations from areas outside the combined sewer system area in the vicinity of Chester, 

PA. This area is primarily within the City of Chester’s municipal separate storm sewer system 

(MS4). 

EFDC Background and General Capabilities 

The EFDC model is a state-of-the-art finite difference model that can be used to simulate 

hydrodynamic and sediment transport behavior in one, two, or three dimensions in riverine, 

lacustrine, and estuarine environments. EFDC was developed at the Virginia Institute of 

Marine Science in the 1980s and 1990s, and the model is currently maintained under support 

from the U.S. EPA. Recently, LimnoTech has successfully applied EFDC to a number of sites, 

including the James River (near Lynchburg and Richmond), Berry’s Creek (NJ), San Diego 

Bay (CA), the lower Great Miami River, the Ohio River (near Cincinnati (OH), Evansville  
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(IN) and Wheeling (WV), the lower Licking River (Northern Kentucky), Missisquoi Bay (Lake 

Champlain), Saginaw Bay (Lake Huron), Maumee Bay (Lake Erie), Saginaw River 

(Michigan), and the Tittabawassee River (Michigan). The EFDC model is both public domain 

and open source, meaning that the model can be used free of charge, and the original source 

code can be modified if necessary to tailor the model to the specific needs of a particular 

application. 

The model input parameters include variable hydrologic inflows and outflows from tributaries 

and landside sources, their associated bacteria concentrations for the POCs, and water level 

boundary conditions. EFDC can represent the model grid using either a generalized vertical 

coordinate (GVC) system or a sigma system. Both options are capable of accurately describing 

vertical gradients in systems with rapidly changing bathymetry, if necessary. The model 

outputs will include the movement of water in the river (i.e., flows and velocities), water level, 

and bacteria densities throughout the model domain. 

SWMM Background and General Capabilities 

The proposed watershed model framework for this project is SWMM (Storm Water 

Management Model), which is supported by the USEPA and has been successfully applied by 

the project team at similar sites and for related purposes, including in East Rutherford, NJ, 

Washington, DC, and Richmond, VA. SWMM is a dynamic rainfall-runoff simulation model 

used for single event or continuous simulation of runoff quantity and quality from primarily 

urban areas (USEPA, 2015). A review of the Chester Creek and Ridley Creek watersheds using 

the USGS StreamStats1 tool show that these two watersheds are 42% and 37% urban 

respectively. Additionally, the current H&H model for the DELCORA service area is also built 

using the SWMM software, so choosing SWMM for the watershed model provides consistency 

in the suite of models used by DELCORA.  

SWMM can account for different subcatchment physical characteristics such as slope, 

imperviousness, length and width, and soils through the parameterization of spatial resolution. 

Additionally, it will be able to predict variations in timing, peak flows, and flow volumes. 

A variety of enhanced SWMM platforms are available that integrate the EPA SWMM software 

with user friendly interfaces and GIS capabilities. For this project, PCSWMM, developed by 

CHI, will be used. Once the watershed model is built, the model files can be provided as 

PCSWMM or EPA SWMM files. 

2.4 Quality Objectives and Criteria (A.7) 

The monitoring information that will be collected to support the development of the updated 

LTCP will meet the quality assurance objectives outlined in this section. Data quality will be 

                                                 

 
1 http://water.usgs.gov/osw/streamstats/ 
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measured in terms of the data’s accuracy and precision, completeness, representativeness, 

comparability, and the required detection limits for the analytical methods.  

Model quality will be based on the successful calibration and validation to hydrodynamic and 

water quality data from the Sampling Program as well as the model’s ability to be meet the 

project objectives. 

2.4.1 Water Quality Monitoring 

2.4.1.1 Accuracy 

Accuracy is the measure of agreement between an observed value and an accepted reference 

value or true value. Table 2-6 provides a summary of the laboratory and field measurement 

accuracy objectives. 
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Table 2-6:  Data Quality Objectives 

Parameter Data Accuracy Objectives (% R) Data Precision Objectives Required Detection Limits 

Field Precision (RPD) Analytical Precision (RPD) 

Estimated By Objective Estimated By Objective Estimated By Objective Reference Method RL* 

Fecal coliform Presence/ Absence 
Control 

P/A Field Duplicates 50% Lab 
Replicates 

40% SM 9222D  10 No./ 
100 ml 

Escherichia coliform  
(E. coli) 

Presence/ Absence 
Control 

P/A Field Duplicates 50% Lab 
Replicates 

40% EPA 1603  10 No./  
100 ml 

Enterococcus Presence/ Absence 
Control 

P/A Field Duplicates 50% Lab 
Replicates 

40% EPA 1600  10 No./  
100 ml 

Water Temperature Factory calibration NA Readings 10% NA NA Field Instrument/  
EPA 170.1 

0.1 oC* 

Conductivity  Calibration check 
standard 

Instrument 
reading within 
10% of standard 

Readings 10% NA NA Field Instrument/  
EPA 120.1 

1 uS/cm* 

Salinity Calibration check 
standard 

Successful daily 
calibration 

Readings 10% NA NA Field instrument/ 
SM 2520 B 

0.1 part 
per 
thousand 

* - Sensitivity value listed for field parameters (Temp., Cond., Salinity) - instrument must be capable of reporting to nearest incremental sensitivity value listed 

P/A - method detects presence when bacteria is present in control (P) and method does not detect bacteria when absent in control (A). 

NA - not applicable 

RL - Reporting Limit 

SM - Standard Methods of the Examination of Water and Wastewater, 22nd Edition 
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Laboratory Accuracy Objectives 

Accuracy cannot be directly measured for bacterial samples. Accuracy will be assessed by the 

laboratory through the analysis of positive and negative controls and laboratory blanks and with 

field blanks in the field. 

Dilution blank samples and method blank samples will be generated by the contract laboratory and 

used to assess contamination resulting from laboratory procedures. Duplicate analyses will be 

performed to check for sampling and analytical reproducibility. 

Field Accuracy Objectives 

Accuracy cannot be directly measured for bacterial samples. Accuracy will be assessed by the 

laboratory through the analysis of positive and negative controls in the laboratory and with field 

blanks in the field. In order for the accuracy assessment to be relevant, all appropriate protocols 

concerning sample collection, handling, preservation, and hold times must be maintained. Field 

blanks will be collected by each crew during each sampling event. A detailed discussion of these 

protocols is provided in the Water Quality Monitoring Plan. 

Field blanks will be used to determine if samples collected have been contaminated. Equipment 

that is used to collect samples for analysis may become contaminated through the normal course 

of monitoring. If not properly cleaned and rinsed, samples may be contaminated during sampling 

from previous locations or in the laboratory between sample analyses. Field blanks consisting of 

reagent grade distilled water will be submitted to the analytical laboratory to assess the quality of 

the data resulting from the field monitoring program. Field blanks will be used to assess cross-

contamination of samples by the equipment or sampling techniques. Field blanks will also be 

analyzed to check for procedural contamination at the laboratory that may cause sample 

contamination. 

Field measurement accuracy will be assessed through pre- and post-monitoring checks to 

calibration standards. Probe performance within the specifications of the parameter will be used 

as confirmation of accuracy. Probe performance outside the specifications of the parameter will 

be qualified using the data validation protocols described in Section 5. 

2.4.1.2 Precision 

Precision is a measure of agreement between two or more measurements. Duplicates and replicates 

samples will be taken for a portion of the samples. Table 2-6 provides a summary of the data 

precision objectives for field and laboratory measurements. Table 2-6 applies if the average result 

of the duplicate/replicate samples is greater than five times the analysis detection limit. If the 

average result of the duplicate/replicate samples is less than five times the analysis detection limit, 

the precision test will not be utilized. 
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Laboratory Precision Objectives 

The precision of the laboratory analysis is assessed by the comparison of laboratory replicate 

analyses. The RPD is calculated as follows: 


100

)5.0 21
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RPD  

Where: C1 = measured concentration of the first sample replicate 

C2 = measured concentration of the second sample replicate 

Note that the average concentration of C1 and C2 must be at least five times greater than the 

reporting limit (Table 2-6) for the analyte to be in sufficient quantity to provide a reasonable 

measure of precision. 

Field Precision Objectives 

Field precision tests are conducted for grab samples and physical parameter readings. The 

precision of grab samples is assessed by the comparison of field duplicates. The relative percent 

difference (RPD) between the analyte levels measured in the field duplicates will be calculated as 

follows:  
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  Where:  CA = measured concentration of sample 

    CB = measured concentration of duplicate sample 

The precision of physical parameter readings is assessed by the comparison of each instrument’s 

calibration readings versus the post check readings. The RPD between the readings will be 

calculated as follows:  
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  Where:  RX = calibration reading 

    RY = post check reading 

2.4.1.3 Completeness 

Completeness is a measure of the amount of valid data obtained from the monitoring program 

compared to the amount of data that were expected. Events that may contribute to reduction in 
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measurement completeness include sample container breakage, inaccessibility to proposed 

sampling locations, automatic sampler failure, and laboratory equipment failures. 

The percent completeness (%C) is determined as follows: 
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C  

  Where:  MV = number of valid measurements 

    MP = number of planned measurements 

If the completeness objectives are not achieved for any particular category of data, the Field 

Manager will provide documentation why the objective was not met and how the lower percentage 

impacts the overall study objectives. If the objectives of the study are compromised, re-sampling 

or re-measurement may be necessary.  

Field Completeness Objective 

Field completeness is determined by the number of measurements collected versus the number of 

measurements planned for collection. The details concerning the actual number of field 

measurements and samples to be collected are discussed in the Water Quality Monitoring Work 

Plan. The number of measurements collected is validated by the Field Manager. The completeness 

criterion for all measurements and sample collection is 90 percent, but will be influenced by 

environmental situations that may alter monitoring schedules. 

Laboratory Completeness Objective 

Laboratory completeness is a measure of the amount of valid measurements obtained from all 

samples submitted for each sampling activity. The Laboratory Manager validates the numbers of 

valid measurements. The completeness criterion for all measurements is 95 percent. 

2.4.1.4 Representativeness 

Representativeness is the degree to which data accurately and precisely represents a characteristic 

of a population, parameter variations at a sampling point, a process condition, or an environmental 

condition. Representative data of dry weather and wet weather conditions are required to support 

the evaluation and modeling efforts. 

For sample collection, representativeness will be assured by following the Water Quality 

Monitoring Work Plan and applying proper collection techniques including the proper sample 

sizes and volumes, sampling times, and sampling locations. The volumes of the samples depend 

on the analytical methods and should allow for QC sample analysis and reanalysis, if required. In 

the laboratory, representativeness will be ensured by using the appropriate sample preparation 
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techniques, by following appropriate analytical procedures, and by meeting the recommended 

sample holding times. 

2.4.1.5 Comparability 

The objective for data comparability is to generate data for each parameter that related water 

quality conditions between sampling locations and over time. Data comparability will be promoted 

by: 

1. Using standard U.S. EPA approved methods, where possible. 

2. Consistently following the sampling methods detailed in the SAP. 

3. Consistently following the analytical methods detailed in the QAPP. 

4. Achieving the required detection limits detailed in the QAPP. 

All sample collection and analytical methods will be specified, and any deviations from the 

methods will be documented. All results will be reported in the standard units shown in Table 2-6. 

All field and laboratory calibrations will be performed using standards traceable to National 

Institute of Science and Technology (NIST) or other U.S. EPA approved sources. 

2.4.1.6 Required Detection Limits 

The required detection limits (RL) and methodology for the study is provided in Table 2-6. For 

the analytes specified for this study, all the RLs are at levels required for calibration of the water 

quality models to be developed. 

Refer to Table 2-7 for the specification limits of the field measurement instruments. 

Table 2-7: Specification Limits of Field Measurement Instruments 

Parameter Instrument Range Accuracy Resolution 

Temperature YSI -5 to 45°C ±0.15°C 0.01°C 

Conductivity YSI 0 to 100 mS/cm ±1% of range 4 digits 

Salinity YSI 0 – 70 ppt ±0.1 ppt 0.01 ppt 

2.4.2 Water Quality Modeling 

Model development for the DELCORA LTCP consists of four tasks leading to a calibrated and 

validated EFDC model for use in evaluating CSO control applications in the local waterways of 

the DELCORA service area. These tasks are addressed in this QAPP and are listed below.  

 Model Input Development 

 Model Calibration and Validation 
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 Model Scenario Application 

 Documentation and Reporting of Results 

Each of these model development tasks is described below. 

2.4.2.1 Criteria for Model Inputs/Output 

This task includes the processing of the necessary background, input, and calibration datasets for 

model development. Model development of the hydrodynamic (EFDC) and water quality (RCA) 

components of the EFDC-RCA model for the DELCORA waterways will occur sequentially, with 

EFDC development occurring first, followed by development of the RCA model. Model 

development for each component is discussed below. 

EFDC-RCA Water Quality Model 

Initial EFDC model development efforts will focus on development of a model grid, followed by 

processing of data to specify external hydraulic and water quality forcing functions (i.e., flows, 

loads) into a format that can be input to the model.  

The major components of the model development process include the following items: 

Grid development – Available bathymetric data will be assembled and used as the basis for 

development of a model grid with adequate resolution to capture the significant characteristics of 

the system for purposes of this project. At present, a one-dimensional grid is planned for the 

tributaries and three dimensional grid for the Delaware River portion of the model domain. The 

model grid will be an orthogonal grid within a curved perimeter suitable for numerical modeling. 

Where bathymetric data are not available, previously developed flood models will be obtained and 

the model bathymetry will be used to fill bathymetric gaps. Additionally, bathymetry surveys as 

described in Section 2.3.1 will be conducted in the tributaries. If reaches exist where no 

bathymetric data or hydraulic models exist, bathymetry will be extrapolated from upstream and 

downstream information. 

Input development – Model upstream and tributary flows will be derived from available flow 

data at USGS gaging stations. CSO flows will be derived from the calibrated and validated 

hydrologic and hydraulic (H&H) model. Stormwater flows will be derived from a SWMM 

watershed model. Model upstream and tributary water quality will be based on the data collected 

during the WQMP. CSO and stormwater quality will be input using event mean concentrations 

(EMCs) derived from the CSO sampling program data collected during the WQMP. 

Available water quality data to support model development and calibration have been compiled 

and reviewed to develop the WQMP. Available data have been incorporated into a project-specific 

database that will be used to generate model inputs and included in the pre- and post-processor for 

the model to facilitate comparisons of model results to observed data during calibration, as 

appropriate. 
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SWMM Stormwater Watershed Model 

The main attributes of the proposed watershed model are that it will be able to predict dry and wet 

weather flows and associated bacteria loads. The watershed model will provide necessary spatial 

resolution to account for different subcatchment physical characteristics such as slope, 

imperviousness, length and width, and soils. Additional, it will be able to predict variations in 

timing, peak flows, and flow volumes. 

Catchment Development – SWMM simulates surface runoff from catchments that represent 

physical areas in the watershed. For the DELCORA modeling framework, catchment areas will be 

developed for the areas outside of the combined sewer system collection system adjacent to the 

spatial domain of the Water Quality Model. Catchment areas will be defined similarly to the areas 

shown in Figure 1-3 and will be informed by the physical characteristics of the area, including 

slope, soils, imperviousness, and topographical or other defined watershed boundaries (e.g. roads). 

Input Development – SWMM model inputs include catchment characteristics, such as area, 

width, imperviousness, and slope. Other characteristics affecting the hydrologic simulation include 

roughness, depression storage, and soil infiltration rates. Rainfall and temperature are temporal 

inputs. Runoff water quality will be input using EMCs derived from the stormwater sampling 

program data collected during the WQMP. 

Available water quality data to support model development and calibration have been compiled 

and reviewed to develop the WQMP. Available data have been incorporated into a project-specific 

database that will be used to generate model inputs and included in the pre- and post-processor for 

the model to facilitate comparisons of model results to observed data during calibration, as 

appropriate. 

2.4.2.2 Calibration and Validation 

Once each EFDC model component is configured to the DELCORA watershed, the next step in 

the model development process is model calibration. During the calibration process, model inputs 

will be adjusted to allow the model to best fit the described observed data. The focus of calibration 

is the adjustment of model coefficients within an acceptable range (dictated by the field data and 

laboratory literature values) to achieve the best agreement between model and data within the 

constraints of both model and data. The model calibration approach will be consistent with the 

well-accepted methods presented in the EPA guidance manual for development, evaluation, and 

application of regulatory environmental models (EPA, 2009). Model coefficients will be calibrated 

independently to the extent possible, with calibrated coefficients left fixed while other coefficients 

are adjusted. For example, all hydraulic parameters will be calibrated prior to conducting any water 

quality calibration. Calibration of each model component is discussed further below. 

EFDC Model Hydraulic Calibration and Corroboration 

The hydraulic calibration will be informed by data from NOAA gages in the Delaware River, as  
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listed below: 

 Water level gages: #8540433 (Philadelphia, PA), #8546252 (Bridesburg, PA), #8539094 
(Burlington, NJ), and #8548989 (Newbold, PA) 

 Current velocity meter: Station dB0301 (Philadelphia, PA) 

Hydraulic calibration will primarily focus on reproducing observed water levels and current 
velocities in the Delaware River. This approach provides a robust calibration by focusing on the 
hydraulic attributes that are the primary dependent variables of the hydrodynamic model. 
Calibration goodness will be determined by qualitative visual comparison of model and data time 
series, one-to-one plots, and cumulative frequency distributions (CFDs). Calibration will involve 
adjustment of the roughness height to values that best replicate water level and velocities at NOAA 
stations. 

After satisfactory calibration is achieved, the EFDC hydrodynamic model will be validated by 
applying the model for a different time period than the calibration. The roughness height used in 
the calibration will be used for the validation run. 

EFDC Model Water Quality Calibration and Validation 

Water quality calibration will rely primarily on the dry and wet weather data to be collected in the 
WQMP in Chester Creek, Ridley Creek and the Delaware River. The model coefficients 
determined in the calibration process will be independently corroborated (a process that has 
historically been called validation) via application of the model to a data set independent of that 
used for model calibration. The LimnoTech standard approach for selecting periods for calibration 
and validation is to divide the available data into periods of relatively equal duration and to use 
the most robust (or otherwise most representative) period as the calibration data set. Using this 
approach, the dry weather data and two of the sampled wet weather events will serve as the 
calibration dataset and the remaining third sampled wet weather event will serve as the validation 
data set. 

Calibration will involve adjustment of model coefficients within an acceptable range (dictated by 
the field data and laboratory literature values) until the difference between model computations 
and measured state variables is within acceptable tolerance. The key calibration parameter for 
indicator bacteria in EFDC is the loss rate. The loss rate represents the net effect of bacteria 
settling, die-off and other physical and chemical processes as a first order loss rate. 

Calibration will include the use of qualitative (graphical) comparisons of model results to data, 
such as: 

 Time series 

 1:1 plots 

 Cumulative frequency distributions 
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Quantitative comparisons of model to data will also be used to judge the calibration, with the 

objective of minimizing differences between model and data. For comparisons of simulated vs. 

observed parameters, these may include: 

 Mean absolute error and/or mean relative % difference 

 PBIAS (percent bias) 

Diagnostic analyses (e.g., sensitivity analyses, mass balance checks, and comparison of results to 

simple models) will be conducted during the water quality calibration process. LimnoTech 

experience has shown that conducting these diagnostic analyses helps to: 

 Confirm that inputs are being provided to the model in the required format, 

 Troubleshoot unstable and unexpected behavior exhibited by model simulations, 

 Assess the relative importance of different input parameters and systems simulated within 

the modeling framework, and 

 Provide insights into system behavior based on predictions of the calibrated model. 

Model validation will involve running the EFDC water quality model for the validation time period 

and calculating the same model-data comparison statistics as were used for model calibration.  

Quality Objectives and Criteria for Model Inputs/Outputs 

LimnoTech will develop and apply the calibrated and corroborated EFDC water quality model to 

evaluate management option scenarios as described Section 2.2.2 of this QAPP. The two overall 

modeling objectives for this QAPP follow and are described further below.  

 to ensure the performance of the model; and  

 to ensure the quality of the model inputs, model outputs, and conclusions made in support 

of CSO control alternatives evaluation. 

Model Performance  

During the application of the model, performance will be evaluated after each model run. The 

output will be compared against previous model runs to ensure that the outcome was expected, 

and within reasonable ranges. A reasonable range is defined as being within known ranges of 

possible outcomes. The range of possible outcomes is determined from previous model runs and 

user experience with the parameters being modified for the current run. For example, if the model 

is run to steady state with 50% of the annual load, then the steady-state water column concentration 

is expected to be 50% of the original value. In this example, model results that are not 50% of the 

original value (for this model run) would be subject to further review.  

Model Input Data 

Model inputs will be comprised of existing secondary data (i.e., previously collected, reported,  
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modeled or synthesized data) and will be used for the purposes of receiving water characterization 

and modeling efforts. Work under this QAPP will not generate any direct environmental data 

measurements. The data quality objectives (DQO) and associated criteria for the secondary data 

used for this project are listed below. 

 Data are from a known and reliable source. The data sources will be documented. Data will 

be compiled primarily from reliable local, state, federal and peer-reviewed sources.  

 Data are of known quality. The quality of secondary data will be reviewed prior to use for 

this project. 

 Data are appropriate for the intended use as indicated by the following criteria: 

o data satisfy project objectives; 

o data satisfy evaluation and modeling requirements; 

o data exhibit appropriate characteristics (e.g., quality, quantity, temporal, spatial); 

and, 

o data were generated using appropriate methods. 

Data sets to be used in the project will be reviewed for completeness, quality and conformance 

with the DQOs and associated criteria listed above. Data will be accepted for use if they conform 

to the DQO and criteria, and all accepted data will be cited appropriately including: 

 Type of data and collection dates; 

 Originating organization; 

 Report title, author and date; and, 

 Data format (electronic, hardcopy) and database names. 

Identified data limitations will be documented, where applicable, and these datasets will be 

accepted for use on a case-by-case basis. Data of unknown/non-verifiable quality will be 

considered suspect and documented accordingly. To ensure transparency and defensibility in the 

decision making process, related project reports and/or existing data that were not used for this 

project will be clearly documented. 

Model inputs will be carefully reviewed by the technical staff prior to each model run to ensure 

that the inputs are consistent with the modeling approach and scenario objectives. Any model 

inputs that are questionable or not fully documented will not be used to generate final results. All 

modifications to the model inputs will be documented in a separate file that lists the date, run ID, 

and inputs that were modified. All model inputs will be stored in the same folder as the 

corresponding model output to keep a complete record of each simulation used for each 

management scenario. 
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Model Outputs and Conclusions 

Processing of model results will be accomplished through an automated post-processor that 

ensures the consistent treatment of model output for each model run. Model results will be 

reviewed by the technical staff as a final quality check to ensure that the model results are within 

reasonable ranges. Processed model outputs will always be stored in a folder with the run ID and 

the unprocessed model output.  

2.4.2.3 Application 

The calibrated EFDC water quality model is intended to be used to evaluate CSO control 

alternatives wherein indicator bacteria POC loads are reduced by specified amounts to evaluate 

impact on water quality in the Delaware River and the tributaries adjacent to the DELCORA 

service area. The list of model scenarios representing the CSO control alternatives to be evaluated 

will be developed in collaboration with DELCORA and Greeley and Hansen.  

A baseline scenario will be developed, against which all load reduction scenarios will be 

compared. This baseline scenario will be developed in collaboration with DELCORA and Greeley 

and Hansen and will include: 

 A representative time period to capture the range of river conditions including dry, wet and 

average conditions. 

 A representation of current CSO discharge flows and quality. 

Once scenarios have been defined, inputs to the calibrated model will be adjusted for each scenario 

to fit the specific change that the management option is considering. Model results for each 

scenario will be compared to the baseline scenario for a specific set of water quality response 

variables, including, but not necessarily limited to: 

 Compliance with applicable water quality standards 

 Reductions in levels of POCs 

Compliance with applicable water quality standards will be evaluated assuming contributions from 

CSO and non-CSO sources and from CSO sources alone. If non-CSO (e.g. background) sources 

prevent compliance of water quality standards, the scenarios simulated will be configured 

assuming that background pollutant levels are reduced such that in-stream concentrations upstream 

of the CSO outfalls are no more than 75% of the applicable water quality standard. 

2.5 Special Training/Certification (A.8) 

Special training/certification needed for project, field, laboratory, and modeling staff to 

successfully complete project work is discussed in this section. 
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2.5.1 Project Staff 

Greeley and Hansen, LimnoTech, Weston Solutions, and Eurofins QC professional staff will be 
involved in this monitoring program and water quality model development. Project staff will be 
assigned duties based on their qualifications to accomplish the task. The Field Manager will 
determine the appropriateness of individuals on their staff to undertake a task.  

2.5.2 Field Staff 

Training sessions will be carried out for all field staff on proper sampling, sample handling and 
submission and general field procedures prior to conducting the first sampling event. Specific 
emphasis will be placed on QA/QC issues as well as on health and safety. Field Safety Instructions 
will be prepared to outline the safety issues of concern. 

Field crews will also receive training involving the operation, maintenance and calibration of field 
equipment including multi-parameter probes, velocity meters, and all other on-site equipment used 
throughout the field program.  

Standard Operating Procedures (SOPs) for program elements will be distributed to staff and 
available at all times. The field Standard Operating Procedures (SOPs) and the Sampling Analysis 
Plan (SAP) referenced in the following sections of this report are provided in Appendix C. 

2.5.3 Laboratory Staff 

The Laboratory Manager or delegate will be the main point of contact for coordinating all sample 
drop-offs, pick-ups, etc. The Laboratory Manager or delegate will be assisted by the laboratory 
QA/QC Manager in performing review and validation of all data generated to assure all data 
quality objectives have been met. The Laboratory Manager or QA/QC Manager will contact the 
Field Manager immediately with any problems with samples noted during log in or with analysis. 
Prior to conducting the first sampling event, the Monitoring Task Manager and Field Manager will 
meet with the laboratory manager to review details of the planned progression of sampling events. 

The laboratory staff will include chemists and technicians with specific experience in receiving 
water and source sampling analysis. The laboratory staff will be on call 24 hours a day and 7 days 
a week for wet weather events, including weekends.  

All laboratory personnel receive training and have proven proficiency in their designated analytical 
procedures. Laboratory personnel have been provided copies of the appropriate Standard 
Analytical Procedures (SAPs), which will be available at all times and are provided in Appendix 
B. 

2.5.4 Model Staff 

Staff engineers and scientists comprising the modeling team are trained professionals with 
advanced technical degrees and skills necessary to successfully develop and apply water quality 
models for the system. All modeling activities will be overseen by the project’s Water Quality 
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Model Task Manager who has extensive experience in applying water quality models to support 

CSO LTCP development. 

2.6 Documentation and Records (A.9) 

The Project Manager is responsible for ensuring that the most current approved version of the 

QAPP is distributed. The approved QAPP and any approved updates will be distributed to the list 

of project personnel identified in the Distribution List at the beginning of this document. These 

personnel are responsible for distributing copies of the QAPP to relevant personnel within their 

organization. 

2.6.1 Monitoring Data 

The Project Manager is responsible for initiating project files and for overseeing maintenance of 

the files during the course of the project. All project files will be properly identified by client, 

project name, project number, file description, and file number for all appropriate correspondence, 

memoranda, calculations, technical work products, and other project-related data. In addition, a 

quality assurance file will be maintained by LimnoTech containing all QA/QC related information. 

A back up of all computer files containing important project information will also be maintained.  

Documents to be generated by field activities include staff notes, field logs, equipment logs, field 

on-site measurement data sheets, field audit reports, chain of custody forms. Documents to be 

generated by laboratory activities include QA/QC reports, laboratory bench sheets, laboratory 

results, and laboratory audit reports. These documents will be included in project reports.  

At the conclusion of the project, relevant information from the project files and electronic files 

will be turned over to DELCORA to be archived. 

2.6.2 Model Files 

The development, calibration and corroboration of the Water Quality Model will be documented 

in a Water Quality Model Report. This report will be submitted to EPA and PADEP within 60 

days after this Water Quality Model Work Plan is approved and fully implemented. The project 

report will include discussions of the data collected during the WQMP, additional data analyzed 

and used to support the modeling, model development and calibration processes and the calibration 

and corroboration. An initial draft of the report will be prepared for internal review. After this 

internal review is complete, the draft report will be edited accordingly and then delivered to the 

EPA and PADEP for their review. The final report will then be prepared. 

A daily back up of all computer files containing important project information will also be 

maintained on LimnoTech’s computer network. No files will be maintained on individual personal 

computers unless they are temporary working files. All data and work products will be saved to 

their respective network files daily. 



Delaware County Regional Water Quality Control Authority 

CSO Long Term Control Plan Update 

Water Quality Monitoring and Modeling QAPP 

Section 2 

 
 

                                                                        
                                                                        2-32 

Documents to be generated by this project include this modeling QAPP, technical memoranda, 

and the draft and final project reports. 

Records that will be generated during this project include model inputs and output files, model 

post-processing files (e.g., those produced using Microsoft Excel, databases or other data analysis 

software programs), and the draft and final Water Quality Model reports. These records will be 

complete and detailed enough to allow the model to be re-loaded and re-run independently with 

the same data sets and producing the same results. 

At the conclusion of the project, all relevant information from the project files and computer disks 

will be archived by LimnoTech, with data, deliverables and technical records retained for at least 

10 years. 
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Section 3    Data Generation and Acquisition (Group B) 

This section of the Quality Assurance Project Plan (QAPP) addresses quality assurance/quality 

control (QA/QC) elements related to the monitoring activities. The monitoring program QAPP 

was developed based on U.S. EPA requirements (EPA, 2001) following U.S. EPA guidance (EPA, 

1998). 

3.1 Sampling Process Design (B.1) 

As described in the previous section, dry weather and wet weather monitoring will be conducted 

at six tributary in-stream locations, five Delaware River locations, and up to ten CSO and 

stormwater outfall locations. The sampling process design is discussed in the Water Quality 

Monitoring Work Plan portion of this Work Plan. 

3.2 Sampling Methods (B.2) 

SOPs will be employed to provide consistency and reproducibility to the sampling methods used 

by field personnel. The following sections present or reference the detailed methods for performing 

sampling activities, including related support procedures for equipment cleaning, field 

measurements, and calibration and maintenance of field instruments. Sample custody procedures 

are presented in the Sample Handling and Custody Section of this QAPP. For all sampling related 

procedures, personnel will use personal protective equipment as required by the Field Safety 

Instructions for the WQMP. 

3.2.1 Surface Water Sample Collection 

Surface water and outfall grab samples will be collected as specified in the WQMP Work Plan 

and/or according to the SOP. 

3.2.2 Field Water Quality Measurements and Monitoring 

Instantaneous water quality measurements (such as temperature, conductivity, and salinity) and 

depth data using field instruments will be collected as specified in the WQMP Work Plan and 

according to the standard operation procedures. All data generated is recorded for transfer to the 

project files. 

3.3 Sample Handling and Custody (B.3) 

Sample handling will be performed to collect, store, submit to the laboratory and obtain 

representative samples using methods as specified in the work plans and according to the SOPs. 

Sample containers, volumes, preservatives and holding times are summarized in Table 2-6. Proper 

sample handling and custody procedures will be employed as discussed in the following 

subsections of this QAPP. 
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3.3.1 Field Sample Custody 

The objective of field sample custody is to ensure that samples are traceable and are not tampered 

with between sample collection and receipt by the analytical laboratory. A person will have 

custody of a sample when: 

 The person is one of the authorized personnel; 

 The sample is in their physical possession; 

 The sample is in their view after being in their possession; 

 The sample is in their personal possession and secured to prevent tampering; and 

 The sample is in a restricted area accessible only to authorized personnel. 

Field custody documentation will consist of both field log books and chain of custody forms. 

Chain-of-Custody Forms 

Completed chain-of-custody forms will be required for all samples to be analyzed. Chain-of-

custody forms will be filled-out by the field sampling crew during the sample collection events. 

The chain-of-custody form will contain the following information for each sample: 

 Unique identification number; 

 Sample date and time; 

 Sample description; 

 Sample type; 

 Sample preservation (if any);  

 Analyses required. 

The original chain-of-custody form will accompany the samples to the laboratory. Copies of the 

chain-of-custody form will be made prior to shipment for separate field documentation. The chain-

of-custody forms will remain with the samples at all times. The samples and signed chain-of-

custody form will remain in the possession of the sampling crew until the samples are delivered to 

the courier or to the laboratory. 

Sample Packing and Shipping Requirements 

Sample packaging and shipping procedures are designed to ensure that the samples and the chain-

of-custody forms will arrive at the laboratory intact and together. Samples will be properly 

packaged for shipment according to the SOPs and submitted to the appropriate laboratory for 

analysis. Shipping containers will be secured with strapping tape and custody seals, if required, 

for shipment to the laboratory. The cooler is strapped shut with strapping tape in at least two 

locations. 
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All shipments will be accompanied by the chain-of-custody form identifying the contents. It is 

preferred that a separate chain-of-custody form be completed for and placed in each shipping 

container. The original form will accompany the shipment and copies will be retained by the 

sampler for the sampling office records. 

3.3.2 Laboratory Sample Custody 

Laboratory sample custody will be performed in accordance with the laboratory's Quality 

Assurance Manual (QAM), consistent with the guidelines set forth in this section of the QAPP, 

and/or compliance with laboratory accreditation requirements specified in 25 Pa. Code Chapter 

252 .  

The laboratory must have written SOPs for sample custody to protect the integrity of the samples, 

including, but not limited to: 

 Sample receipt and maintenance of custody; 

 Sample storage; and 

 Sample tracking. 

Sample Receipt and Maintenance of Custody 

The laboratory shall have written procedures that document receipt of all sample containers and 

maintain chain of custody. Although a designated sample custodian responsible for receipt of 

samples is preferable, it is not required provided the laboratory has procedures for handling 

environmental samples, including 

 Procedures for checking and recording the thermal and/or chemical preservative and 

sample container(s); 

 Use of a record-keeping system that documents receipt of all sample containers that 

includes pertinent sample and laboratory information describing each sample; and, 

 A sample acceptance policy that clearly outlines the circumstances that samples can be 

accepted or rejected. Departures from acceptable circumstances will be noted to be 

discussed with the Field Manager. 

Sample Storage 

After samples are received, they are placed in secure storage in accordance with the individual 

method requirements referenced by U.S. EPA or Standard Methods (e.g., maintained at less-than-

or-equal-to six (6) degrees Celsius).  

Consistent with 25 Pa. Code Chapter 252 and/or the National Environmental Laboratory 

Accreditation Program (NELAP), the laboratory will have documented procedures describing 

storage areas for samples in the laboratory, and steps taken to prevent sample contamination.  
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3.4 Analytical Methods (B.4) 

The following section details the aspects of the analytical requirements, ensuring that appropriate 

analytical methods are employed. Appendix A includes the laboratory Quality Assurance Program 

and Appendix B includes the Standard Operating Procedures (SOPs) of the laboratory 

subcontractor. Table 2-6 summarizes the analytical methods to be used by the laboratory. 

3.4.1 Parameter Specific Information 

Table 3-1 displays the required container type, sample volume, preservation, and hold time for 

each parameter according to the previously referenced methods. The contract laboratory will 

provide sample containers from a commercial supplier. Sample containers will be new and pre-

cleaned by the supplier. In addition, the contract laboratory will provide sample labels for each 

bottle and add the required preservative for each parameter, if necessary. 

Table 3-1:  Guidelines for Sample Container Preparation and Preservation. 

Parameter Container Volume Preservative Holding Time 

E. coli Plastic 100 ml Na2S2O3 8 hours1 

Fecal coliform Plastic 100 ml Na2S2O3 8 hours1 

Enterococcus Plastic 100 ml Na2S2O3 8 hours1 

Notes: 
1 The desired hold time, 8 hours, is shown in Table 3-1. Laboratory Chain of Custody Procedures 

3.4.2 Laboratory Chain of Custody Procedures 

Use of the chain-of-custody form will terminate when laboratory personnel receive the samples 

and sign the form. The laboratory custodian will open the sample coolers and carefully check the 

contents for evidence of leakage and to verify that samples were kept on ice. The laboratory will 

then verify that all information on the sample container label is correct and consistent with the 

chain-of-custody form. Any discrepancy between the sample bottle and the chain-of-custody form, 

any leaking sample containers, or any other abnormal situation will be reported to the Laboratory 

Manager or his/her designee. The Laboratory Manager will inform the Field Manager of any such 

problem, and corrective actions will be discussed and implemented.  

3.4.3 Analytical Records 

The analytical data results and a case narrative will be submitted by the contract laboratory to the 

Water Quality Monitoring and Modeling Project Manager in an electronic format within a 

specified time frame from the completion of each sampling event (dry and wet weather). A 

summary of the laboratory QC results (see Table 2-6 for QC measures and Table 4-1 for QC 

frequency) generated during the analysis of the samples will be submitted to the Water Quality  
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Monitoring and Modeling Project Manager in an electronic format. This file will include the 

accuracy (method blank, presence/absence control results) and precision (replicate RPDs) quality 

control results (e.g. +/-,and RPDs). Also, the laboratory will maintain copies of all bench sheets 

generated during the processing of these samples and data sheets that include sample identification 

information that can be provided as requested by LimnoTech for every sample analyzed. 

3.5 Quality Control (B.5) 

Analytical quality control will be performed in accordance with the specified analytical methods 

and as discussed under the Quality Objectives and Criteria Section of this QAPP.  

3.6 Instrument/Equipment Testing, Inspection, and Maintenance (B.6) 

Field analytical equipment that may be used in this project includes instruments for measuring 

depth, salinity, conductivity, and temperature, and instruments for collecting water samples. These 

may be handheld instruments or autosamplers. Testing, inspection and maintenance will be 

conducted in accordance with manufacturer instructions. Preventative maintenance will be 

conducted as needed according to the SOPs. 

Laboratory instrumentation and equipment testing, inspection and maintenance will follow 

manufacturer instructions and/or accepted procedures associated with the selected analytical 

methods, the laboratory’s QAM and SAPs. 

3.7 Instrument/Equipment Calibration and Frequency (B.7) 

Calibration procedures for field equipment will follow manufacturer instructions. To maintain 

field precision and accuracy, the water quality instruments will be calibrated to known standards. 

Laboratory instrument calibration will follow manufacturer instructions and accepted procedures 

associated with the selected analytical methods, the laboratory’s QAM and SAPs. 

3.8 Inspection Acceptance of Supplies and Consumables (B.8) 

All supplies and consumables for field and laboratory activities will be inspected for compliance 

with the acceptance criteria by the identified responsible party prior to use. Supplies or 

consumables not meeting the acceptance criteria upon inspection will not be used. Supplies and 

consumables will be stored in accordance with individual method requirements referenced by U.S. 

EPA or Standard Methods. 

3.9 Data Acquisition Requirements (Non-direct Measurements) (B.9) 

Non-direct measurements will not be used in implementation of the monitoring program. 

As described in Section 2.4.2.3, LimnoTech will evaluate multiple CSO control alternatives using 

the EFDC Water Quality Model. These activities will involve the use of secondary data from 



Delaware County Regional Water Quality Control Authority 

CSO Long Term Control Plan Update 

Water Quality Monitoring and Modeling QAPP 

Section 3 

 
 

                                                                        
                                                                        3-6 

multiple sources, including federal and state databases, peer-reviewed papers, and modeling 

results. Many of the state and federal datasets have undergone rigorous QA/QC prior to being 

released for public use. Other data comes from peer-reviewed sources that have also undergone 

internal QA/QC checks. LimnoTech has extensive experience in dealing with these types of data 

sources and will review and document the data sources, quality, completeness and appropriateness 

for use of all data to be considered for this project prior to their use in developing the Water Quality 

Model. 

As described in Section 2.4, the data to be used for this project will be judged acceptable for their 

intended use if they conform to the DQOs and criteria. Data will be:  

 accepted if they pass the screening criteria;  

 qualified if the data do not pass the initial screening but the discrepancy is within the range 

of uncertainty for a given analytical method; or  

 rejected.  

Limitations in non-direct measurements identified through application of the acceptance criteria 

will be addressed by either using the data while identifying the implications of its limitations on 

the study results or, for non-critical non-direct measurements that do not pass acceptance criteria, 

conducting the tasks or analyses without the use of those non-direct measurements. Any limitation 

to the use of data and subsequent interpretation of study results will be reported in the final project 

report. 

3.10 Data Management (B.10) 

Data generated through field and laboratory activities will be used for developing models and 

reports. Reporting formats will vary depending on the purpose for which the data has been 

assembled. The Water Quality Monitoring and Modeling Project Manager has the responsibility 

of maintaining documents and data associated with field programs. The Laboratory Manager has 

the same responsibility for laboratory data and information. 

3.10.1 Field Data and Information Management 

Field data reporting shall be conducted principally through the transmission of data sheets 

containing tabulated results of all measurements taken in the field, and documentation of all field 

calibration activities. Copies of the field logs will be turned over to the Field Manager following 

each monitored event. Following review by the Field Manager, the field logs will be transmitted 

to the Quality Assurance Officer (QAO) for review and inclusion in the project’s data management 

system. The QAO will transmit the field sheets to the appropriate Project Manager for his/her 

keeping after their review. Specific QA/QC procedures, including data and records management 

and QA audits, will be conducted according to the SOPs. 
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3.10.1.1 Field Logs 

The field logs will serve as a daily record of events, observations, and measurements during field 

activities. All information pertinent to sampling activities will be recorded in field logs. Personal 

computers may also be used to record field data. Field logs will be maintained by field staff at all 

times documenting activities and conditions. A copy of the field logs will be turned in by field 

staff following each monitored event. Copies of all field logs will be made following each 

monitored event and maintained in the QA/QC project file. Field logs will include the following: 

 Names of field crew and specifically the author of the field log 

 Date and time of the sample round beginning and ending 

 Location of sampling activity 

 Date and time of sample collection 

 Sample identification numbers 

 Field measurements 

 Field observations and details related to analysis or integrity of samples (e.g., weather 

conditions, noticeable odors, colors, stream flow description, etc.) 

3.10.1.2 Equipment Logs 

As installation, calibration and maintenance functions are completed on equipment, equipment 

logs will be maintained and included in the QA/QC project file. 

3.10.1.3 Field On-Site Measurements – Data Sheets 

Field measurement information recorded in the field log book will be compiled and the information 

transferred into electronic format by office staff. The Field Manager will review the source 

document and the electronic version to verify the accurate transfer of information. Following this 

review, electronic field data will be transferred to the QAO for review, then to the appropriate 

Project Manager for his/her keeping. The original data sheets will be maintained in the QA/QC 

project file. 

3.10.2 Laboratory Data and Information Management 

The reporting of laboratory data will begin after the Laboratory Manager or designee has 

concluded the verification review. The contract laboratory will prepare and submit full analytical 

and QC reports to the Project Manager that will include the following, as appropriate. 

 Case narrative, including a statement of the conditions that samples were received, 

description of any deviation from standard procedures, explanation of any data qualifiers 

used, and identification of any problems encountered during analysis. 



Delaware County Regional Water Quality Control Authority 

CSO Long Term Control Plan Update 

Water Quality Monitoring and Modeling QAPP 

Section 3 

 
 

                                                                        
                                                                        3-8 

 Computer-generated report form containing all sample results in the forms of 

o a hard copy version of the report, and  

o an electronic version of the report.  

 Hard copy and electronic QC summary report for each parameter by batch including the 

results of replicates, matrix spikes, matrix spike duplicates, controls, dilution blanks, 

method blanks, verification tests, etc. 

 Copies of all laboratory bench sheets (upon request). 

 Copies of all chain-of-custody forms. 

Following receipt of laboratory data by the Project Manager, the data will be reviewed and 

validated by the Quality Assurance Officer following the procedures outlined in Section 4. 

3.10.3 Electronic Data Management 

All data collected during the course of the study will be entered into a database by LimnoTech for 

use in the modeling tasks. LimnoTech will manage and maintain the database. All electronic files 

will be backed up on a regular basis. At the conclusion of the project, relevant information, project 

files and electronic data will be turned over to Greeley and Hansen. The files will be archived for 

a minimum of ten years. 

3.10.4 Model File Management 

Data used during the project will be maintained in electronic format in a centralized project 

database. Manipulation of the downloaded data is identified as one of the major preventable error 

sources in the project effort. User-induced error can be identified and corrected under an 

appropriate level of QA/QC. Multiple steps will be taken to ensure errors are minimized. Data 

formatting will be reviewed, including the data element type, format, allowable values and ranges, 

and other parameters. Any manually entered parameter values from paper sources will be 

evaluated by reviewing hard copy printouts. The review will include a comparison of the original 

data sources and paper documentation. Any record identified as having issues will be reviewed to 

determine whether corrected data can be acquired or the record omitted. The project database will 

be used as a central repository for the data that will be used in model development and calibration. 

The management of model code, input files, and output will be handled electronically. All input 

files are either contained within a specified format in a text file, or contained in an Excel file that 

is used to keep track of key time series forcing functions. Each set of model runs (input/output 

files) will be contained within a unique folder identified by a run ID. A log of every model run 

will be documented and maintained by LimnoTech, and will be a part of the project records. The 

run log will identify the run and include a brief description of the specifics of the model run.  
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3.10.4.1 Hardware/Software Configuration 

The EFDC Water Quality Model is available as a Windows platform compatible executable. The 

minimum requirements of the model are easily met by any modern desktop PC. The input files 

required to run the model are contained in simple text files that can be viewed or edited with any 

simple word processing software (e.g. Notepad or Wordpad). Pre- and post-processing capabilities 

are available through several Microsoft Excel files. Any recent Microsoft Excel software (Excel 

2007 or later) is capable of viewing and editing the additional processing files. The pre- and post-

processors facilitate the writing and reading of the input and output files. In this configuration two 

copies of the model inputs and results always exist (in the text file and in the Excel file). 

LimnoTech use a Microsoft Outlook-based email server for secure electronic communications, 

and secure access to networked file storage devices is provided for remote employees through the 

use of Virtual Private Network (VPN) protocols. These means of electronic communications and 

connectivity (for file transfers and backup) are expected to be secure for the needs of this project. 

No additional security measures are planned at this time.
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Section 4    Assessment and Oversight (Group C) 

The Group C Assessment and Oversight elements are addressed in this section. 

4.1 Assessment and Response Actions (C.1) 

Internal quality control checks are performed to ensure that the field and laboratory generated 

measurements meet the project quality assurance objectives. In addition, the quality control checks 

are intended to identify any need for corrective action. 

The EFDC Water Quality Model will be specifically developed to investigate CSO control 

alternative scenarios for the waterways tributary to the DELCORA service area. The development, 

calibration, and validation of the EFDC Water Quality Model will be performed as part of this 

project, as described in the preceding sections of this QAPP.  

If potential quality assurance issues are identified following model calibration and/or scenario 

application, corrective actions required to address these issues will be performed by the modeling 

team. The LimnoTech Water Quality Model Task Leader and Project Manager will be responsible 

for ensuring that identified corrective actions are implemented. The modeling team will document 

these activities as they occur, and the information will be maintained by the project team. This 

documentation will be included in the project records.  

The LimnoTech Water Quality Model Task Leader and Project Manager will review the modeling 

work conducted for this project, including model results and documentation of the modeling effort 

to ensure that a scientifically credible product is produced. The modeling team will address 

technical issues identified from these reviews. 

If the review results in detection of unacceptable conditions or data, the LimnoTech Water Quality 

Model Task Leader will be responsible for developing and initiating corrective action. Staff will 

be notified if the nonconformance relates to their work. Corrective response actions may include 

review or validation of data, performing additional model runs, or editing and modifying report 

deliverables. Determination of the appropriate corrective response will be coordinated by the 

LimnoTech Project Manager and Water Quality Model Task Leader. Decisions will be 

documented in the Water Quality Report. LimnoTech will meet all QA requirements prior to 

approval of the final deliverables. 

4.1.1 Field Measurements 

Field quality control checks will consist of QA/QC samples that will be collected or prepared by 

the field crews to be submitted for laboratory analysis. These samples will consist of 

duplicates/replicates, and field blanks. Each sampling crew will collect a field duplicate per 

sampling crew, and blanks will be collected at a frequency of one blank per sampling crew during 

each sampling event. The acceptable control limits are discussed in Section 2.4. Upon receipt of 
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the data from the monitored event, the Field Managers will assess the adequacy of the quality 

control checks and identify any problems. 

Quality control checks will be conducted in advance of using multi-parameter meters. The checks 

will involve the review of the previous calibration sheets. Any problems with sensors will be 

addressed immediately. The result of each review will be recorded on the instrument’s calibration 

sheet. At the conclusion of each monitored event, all calibration sheets will be reviewed by the 

Field Crew Manager and the Field Manager to assess the adequacy of the quality control checks 

and to review the instrument’s performance to identify any problems. 

The Field Manager will inform the Monitoring Task Manager and the Project Manager in writing 

of any quality control check issues and to discuss corrective actions. All quality control documents 

will be contained in a file for each monitored event. 

4.1.2 Laboratory Measurements 

The contract laboratory will perform quality control checks as described in this QAPP. These will 

include replicates, control samples, and method blanks as appropriate. Quality control procedures 

for analytical services will be conducted by the contract laboratory in accordance to their standard 

operation procedures and the individual method requirements referenced by U.S. EPA or Standard 

Methods. The acceptable control limits for this project are discussed in Section 2.4. The Laboratory 

Manager or designee will inform the QA/QC Manager immediately of any quality control check 

issues and to discuss corrective actions. 

At the conclusion of each monitored event, the contract laboratory will provide a summary of all 

QA/QC results. The QA/QC summary will be reviewed by the Laboratory Manager or designee 

and the QA/QC Manager to assess the adequacy of the quality control checks and to identify any 

potential problems. Table 4-1 summarizes the laboratory quality control check frequencies. 
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Table 4-1:  Laboratory Quality Control Check Frequencies. 

Parameter QC Check Frequency 

E. coli Positive/Negative Controls1 See footnote 1 

Replicate3 20 samples3 

Method Blank2 See footnote 2 

Fecal coliform Positive/Negative Controls1 See footnote 1 

Replicate3 20 samples3 

Method Blank2 See footnote 2 

Enterococcus Positive/Negative Controls1 See footnote 1 

Replicate3 20 samples3 

Method Blank2 See footnote 2 

Notes: 
1 The frequency for analysis of the bacteria controls can be done at the option that occurs most often: 1) new media 
lot; 2) one set per event; 3) one set per month. 
2 Method blank frequency depends on the analytical method but the recommendations include, to the extent 
applicable: 1) check of dilution water; 2) when a low concentration sample (e.g. Delaware River) is analyzed using 
the same filter apparatus after a high concentration sample (e.g. CSO or SW sample); 3) at the start of a new batch of 
samples. 
3 When sample volume allows, the replicate should be a DELCORA sample. 

4.1.3 System Audits and Technical Reviews 

All project team members are committed to providing quality services. The primary responsibility 

for the quality of work products rests with the individuals doing the work and with their immediate 

supervisors. 

For certain project components an independent technical reviewer will audit or review the work 

products. This reviewer may be the Monitoring Task Manager or a consultant team member not 

directly involved with the work being audited. The independent technical reviewer will perform a 

critical, written evaluation of the work product, and the independent technical audit or review will 

be incorporated in the project record.  

The Monitoring Task Manager is responsible for identifying the work products to be 

audited/reviewed and the scope of the audit/review, for scheduling independent technical 

audits/reviews, for assigning competent, qualified independent technical auditors/reviewers, and 

for making sure that appropriate follow-up actions are taken to correct reported deficiencies. 

4.1.3.1 Field System Audits 

Field system audits will be completed to ensure that the actual field procedures conform to those 

documented in the SAP and associated SOPs. The Project Manager or designee will perform the 
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field system audits. The audit will include a check of all field records and a review of all activities 

to document if procedures were conducted in compliance with the specified documentation. 

4.1.4 Corrective Action 

Corrective actions will be implemented as required to rectify problems identified during the course 

of normal field and laboratory operations. Possible problems requiring corrective action include: 

 Equipment malfunctions; 

 Analytical methodology errors; or 

 Non-compliance with quality control systems. 

Equipment and analytical problems that require corrective action may occur during sampling and 

sample handling, sample preparation, and laboratory analysis. 

For non-compliance problems, steps for corrective action will be developed and implemented at 

the time the problem is identified. The individual who identifies the problem is responsible for 

immediately notifying the Field Manager. 

Any non-conformance with the established quality control procedures outlined in the QAPP will 

be identified and corrected. The Field Manager will issue a Corrective Action Memorandum for 

each non-conformance condition. All non-conformance memoranda will be discussed in the final 

report submitted to the Project Manager. 

4.1.4.1 Field Measurements and Sample Collection 

Project staff will be responsible for reporting any suspected QA non-conformance or deficiencies 

to the Field Manager. The Field Manager will be responsible for assessing the suspected problems 

in consultation with the Monitoring Task Manager to review the sampling protocols and provide 

additional training if necessary. If it is determined that the situation warrants a corrective action, 

then a Corrective Action Memorandum will be issued by the Field Manager. 

The Field Manager will be responsible for ensuring that the corrective action for non-conformance 

takes place by: 

 Evaluating all reported incidences of non-conformance; 

 Controlling additional work on nonconforming items; 

 Determining what corrective action is needed; 

 Maintaining a log of non-conformance issues; 

 Reviewing responses to corrective action memoranda; 

 Ensuring that copies of corrective action memoranda and responses are included in the 

project files 
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No additional work will be performed until appropriate corrective action has been implemented 

and documented in response to the corrective action memoranda. 

4.1.4.2 Laboratory Analyses 

Corrective actions are required whenever laboratory conditions, instrument malfunction or 

personnel situations have led or could potentially lead to errors in the analytical data. The 

corrective action taken will be dependent on the analysis and the event. 

Laboratory personnel are alerted that corrective actions may be necessary if: 

 QC data are outside the acceptable range for precision and accuracy as identified in Section 

2   ; 

 Blanks contain target analyses above acceptable levels; 

 Undesirable trends are detected in spike recoveries or RPD between duplicates; 

 Excessive interference is noted; or 

 Deficiencies are detected by the QA staff during laboratory system audits as described in 

Section 4.1.3. 

Corrective action procedures are often handled at the bench level by the analyst, who reviews the 

preparation or extraction procedure for possible errors, checks the instrument calibration, spike 

and calibration mixes, and instrument sensitivity, etc. 

Corrective action taken within the laboratory is the responsibility of the Laboratory Manager who 

informs the Monitoring Task Manager when a problem occurs and of the steps taken to resolve the 

problem. All non-conformance memoranda initiated by the contract laboratory will be discussed 

in the case narrative or included in the laboratory reports. 

4.2 Reports to Management (C.2) 

The Monitoring Task Manager and Laboratory Manager provide independent reporting to the 

Project Manager on an as needed basis. This communication is facilitated through the use of 

electronic mail, which provides ready access. In addition, the team leaders will provide written 

reports to the Project Manager on quality assurance issues as described in the QAPP. 

Field and laboratory system audits will be performed as described in Section 3.1.3 and the results 

will be provided to the Project Manager. The results of all audits will be summarized in written 

reports, with copies retained in the Project Files. The audit reports will be completed for field and 

laboratory system audits according to the general outline described below. 

All audit reports will include the following sections: 

 Introduction – provides background of the project, laboratory, or program element, 

description of personnel and affiliation of all staff involved, the name of the auditor, the 

time and date of the audit, and a description of the activities audited. 
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 Audit Findings – describes the results of the audit including a deficiency report identifying 

all instances where the procedures in the SAP, QAPP, or laboratory QAM were not 

followed. 

 Conclusions – summarizes the results of the audit and includes recommended actions to 

address any noted deficiencies. 

The delivered documents and associated data will be accurate, complete, and traceable. The 

LimnoTech Water Quality Model Technical Leader and Project Manager will also provide 

independent reporting via emails on quality assurance issues to Greeley and Hansen and 

DELCORA on an as needed basis. Communication will be initiated concerning any of the 

following: 

 Adherence to project schedule and budget;  

 Any deviations from the QAPP; 

 Potential uncertainties in decisions based on model predictions and data; or 

 Data quality assessment findings regarding input data and model outputs. 

Monthly project status reports will be prepared and delivered with monthly invoices. The status 

reports will describe (by task) activities during the previous month, and upcoming anticipated 

activities. The Water Quality Model report will document all aspects of the project. 
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Section 5    Data Validation and Usability (Group D) 

The Group D Data Validation and Usability elements are addressed in this section. The purpose 

of these elements is to determine if the data meet the project’s Data Quality Objectives (DQOs) 

(validation) and to evaluate the data against the method, procedural and/or contractual 

requirements (verification). Data validation, verification, and usability assessment will be 

conducted as outlined in this QAPP. 

The data generated from the sampling program will be subjected to a multi-tiered review process 

described below. This process includes: 

 A review of the data at the bench and field levels; 

 A secondary review of field records by the Field Managers and analytical results within 

the laboratory by the QA/QC Manager to verify the data against method and SOP 

requirements; 

 A screening level review of the verified data by the Monitoring Task Manager for 

reasonableness and to identify obvious data anomalies; 

 A validation by an objective third party; and finally, 

 An assessment of the data by project team members for its usability in the project as 

described in Section 5.1 of this QAPP. 

5.1 Data Review, Verification and Validation (D.1) 

All environmental measurement data collected by project staff will be subjected to quality control 

checks before being utilized in the interpretive reporting. A data generation system that 

incorporates reviews at several steps in the process is designed to protect the integrity of the data 

and reduce the number of data that do not meet the DQOs or the project goals. This section 

describes the requirements of each review step that will be used in this project. 

5.1.1 Data Verification Requirements 

The definition of data verification, as described in the EPA’s “Guidance on Environmental Data 

Verification and Data Validation” (EPA QA/G-8) is: 

“…the process of evaluating the completeness, correctness, and conformance/compliance 

of a specific dataset against the method, procedural or contractual requirements.” 

Data verification will occur at the field and laboratory level as described in Section 2.4. This 

section describes the requirements of the data verification. 
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5.1.1.1 Field Activities Data Verification  

The Field Manager will be responsible for ensuring that the samples are collected and handled 

according to the procedures specified in the Water Quality Monitoring Work Plan. Sample 

collection verification will include confirming that the samples were collected with the proper 

equipment at the appropriate locations with the appropriate frequency. Sample handling 

verification will include confirming that the samples were stored in the appropriate containers (see 

Table 3-1) with the correct preservative, that the samples were stored at the proper temperature 

during transport from the field to the laboratory, and that all of the appropriate information is 

logged on the chain-of-custody records. 

5.1.1.2 Lab Activities Data Verification 

The laboratory QA/QC Manager will be responsible for verification of laboratory-generated data, 

although the laboratory SAPs for each method require some components of the verification to also 

be conducted at the bench level. Laboratory verification will include assessing that the procedures 

used to generate the data are consistent with the method requirements as specified in the 

laboratory’s SOPs and that the QA/QC requirements for each method are met. Examples of method 

requirements include verifying the calibration and data reduction procedures. However, these 

requirements vary by analyte and are presented in more detail in the laboratory’s QAM and SOPs 

(Appendices A and B, respectively). Once the data have been verified and approved by the 

laboratory, they will be released to the Monitoring Task Manager.  

5.1.2 Data Review Requirements 

The Field Manager will perform data reviews consisting of screening the field and laboratory data 

sheets according to established criteria listed in this section. If the established screening criteria 

are violated, an additional review of the quality control checks and any relevant laboratory bench 

sheets will be conducted. The investigation of the issue will be documented and the data will be 

discarded or flagged appropriately, identifying the limitations of the data. This is an additional step 

of review that is designed to provide an early assessment of the data’s use in meeting the project 

goals by evaluating it within the context of well-understood constituent relationships. 

5.1.2.1 Field Data Sheet Reviews 

The following criteria will be used to screen the recorded physical parameter measurements: 

1. Salinity readings – do values seem reasonable? 

2. Temperature readings – do values seem reasonable? 

3. Conductivity readings – do concentrations seem reasonable? 
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5.1.2.2 Laboratory Data Sheet Reviews 

The following criteria will be used to screen the analytical measurements performed by the contract 

laboratory: 

1. Equipment blanks – are values less than detection limits? 

2. Method blanks – are values less than detection limits? 

3. Field blanks – are values less than detection limits? 

4. Review of all values – do concentrations/densities seem reasonable? 

5.1.3 Data Validation Requirements 

The purpose of data validation, as described in the EPA’s “Guidance on Environmental Data 

Verification and Data Validation” (EPA QA/G-8) is: 

“…an analyte- and sample-specific process that extends the evaluation of data beyond 

method, procedural, or contractual compliance to determine the analytical quality of a 

specific data set.” 

According to U.S. EPA guidance, the data validation is typically performed by someone 

independent of the project activity and not associated with the organization responsible for 

producing the dataset. However, the data validator needs to be familiar with both the data 

validation requirements and the project objectives. The identified QAO from LimnoTech will 

conduct the data validation. 

The first requirement in this project’s data validation is to inspect the data verification and review 

records to ensure that no oversights were made during that process. The second requirement of the 

data validation is to evaluate the data against the project’s DQOs, which are presented in Section 

2.4. If data do not meet one or more of the DQOs, the data validation process will include an 

investigation into causes and an assessment of the impact of the noncompliant data on project 

objectives. The third requirement of the data validation is to evaluate the data in the context of the 

project’s overall objectives, which are described in Section 2.1. The fourth requirement of the data 

validation is to communicate the data validation results to the rest of the project team. 

5.2 Verification and Validation Methods (D.2) 

All environmental measurement data and samples collected by project staff will be subjected to 

quality control prior to being entered into the project database. This is a multi-step process where 

the laboratory QA/QC Manager will have primary responsibility for verifying the data and a third 

party, who is not involved in the data collection or analysis, conducts the data validation. These 

steps are described in more detail in the following sections.  
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5.2.1 Data Verification 

This section describes the procedures that will be utilized in this project for verifying the data 

against method, procedural and/or contractual requirements. 

5.2.1.1 Field Activities Data Verification 

Individual crew leaders will verify the completion of their field data sheets and chain-of-custody 

forms. In addition, crew leaders will also verify the proper calibration and operation of their multi-

parameter instruments. At the completion of each monitored event, the Field Manager will review 

all field data sheets, calibration sheets, and chain-of-custody forms for accuracy and completeness. 

The Field Manager will also verify that monitoring QA objectives for all accuracy, precision, 

completeness, and adherence to the required collection techniques are being met. 

5.2.1.2 Laboratory Analytical Results Verification 

Individual analysts will verify the completion of the appropriate analytical test and required bench 

sheets. The Laboratory Manager or designee will review calculations and inspect laboratory bench 

sheets and log books daily to verify their accuracy, completeness, and adherence to the specified 

analytical method protocols. Calibration and QC data will be examined daily by the individual 

analyst. The Laboratory Manager or designee will verify that all instrument systems are under 

control and that QA objectives for accuracy, precision, completeness, and adherence to the 

required detection limits are being met. 

A summary of all QA/QC results and any non-conformance issues will be included in the 

laboratory deliverable to the Field Manager. 

5.2.2 Data Validation 

This section describes the process that will be used to validate the data generated for this project. 

The first requirement in this project’s data validation is to inspect the data, verification and review 

records to ensure that no oversights were made during that process. A complete set of field and 

laboratory information will be provided to the data validator for this task. The data management 

components described in Section 3.10 will be sufficient for this purpose. 

The primary objective of the data validation in this project is to evaluate the data against the DQOs 

presented in Section 2.4. These DQOs include criteria for accuracy, precision, completeness, 

representativeness, comparability and compliance with required detection limits. The data 

management components described in Section 3.10 will provide the necessary information to make 

this evaluation. The following must be checked as part of the measurement data and analytical data 

validation activities. 

1. field measurements data collection 

2. field sample collection 
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3. sample custody 

4. laboratory analytical results and case narrative 

5. data reviews 

6. quality control data 

The QAO will conduct a systematic review of the data for compliance with the established quality 

control criteria based on duplicate, replicate, spiked, control, and blank data results provided by 

the laboratory. In addition, quality assurance evaluations of data accuracy, precision, and 

completeness will be performed on the field measurement data and the laboratory analytical results 

for each monitored event. The data validation qualifiers listed in Table 5-1 will be used when 

validating the data: 

Table 5-1:  Data Validation Qualifiers 

Qualifier Definition 

U The material was analyzed for, but was not detected above the level of the associated value. The 
associated value is either the sample quantitation limit or the sample detection limit. 

J The associated value is an estimated quantity. 

R The data are unusable (note: analyte may or may not be present) 

UJ The material was analyzed for, but was not detected. The associated value is an estimate and may be 
inaccurate or imprecise. 

If quality control checks or objectives were not met, an investigation of the non-conformance will 

be initiated by the QAO with the project team personnel, including the Field Manager, the 

laboratory QA/QC Manager, and the Project Manager. The non-conformance will be documented 

and the affected data set will be flagged appropriately, identifying any limitations. 

Another objective of the data validation is to evaluate the data within the context of the project 

goals. As described in Section 2, these goals include providing datasets that can be used to develop 

model inputs, to calibrate and validate the models, and to ensure consistency among different 

sources of data. Suitable datasets for the modeling portion of this project will be based on the data 

quality assessment described above as well as an assessment of the spatial and temporal extent of 

the sample collection. Comparability with other sources of data will be evaluated by comparing 

and, if necessary, plotting the data with previously collected data to identify outliers or anomalous 

values. 

The data validation results will be communicated to the project team in the form of a summary 

table that lists the validation tasks performed and the associated results and conclusions. If the 

validated dataset includes non-compliant data, this data will be addressed in a memo that 

accompanies the summary table. Data qualifiers assigned to the data during validation will be 

maintained in the project database to ensure communication of validation results with current and 

future data users.  



Delaware County Regional Water Quality Control Authority 

CSO Long Term Control Plan Update 

Water Quality Monitoring and Modeling QAPP 

Section 5 

 
 

                                                                        
                                                                        5-6 

5.3 Departures from Validation Criteria 

This section describes the process to assess the usability of model results. All interim and final 

model results will be evaluated by the LimnoTech Principal Investigator.  

Criteria will be established to decide whether to accept, reject, or qualify the data collected for the 

project and generated by the model. This work is done by adopting validation and verification 

criteria. Validation criteria specifies whether data satisfy user requirements, and verification 

criteria determine if data are sufficient for drawing data quality conclusions and project objectives. 

For all data, sufficient metadata must be available to allow persons unfamiliar with the data to 

make intelligent use of them. All data will be reviewed for usability, general quality, and 

consistency with other available data sources, prior to use in the modeling activities. Limitations 

in the data sets will be acknowledged and included in discussions of their use. All data entered 

manually or electronically will be confirmed by checking the source data.  

Qualified data will be examined on a case by case basis relative to including it in calculations. The 

decision to include qualified data will depend on a sensitivity analysis of the effect of uncertainty 

in the data on the calculation outcome. The data review and compilation task will be performed by 

experienced personnel.  

With regard to the use of data in the modeling, each data set will be categorized according to 

validation criteria into different groups by its usability, as described in Section 3.2. The categories 

will include: 

 Accepted (results can be used without any restrictions); 

 Qualified (acceptable under certain conditions) – the team will specify conditions and 

provide the validation and usability of the results to satisfy the project objectives; and 

 Rejected (cannot be used; will identify the problems and reasons for unsuitability). 

The acceptance criteria for the modeling process includes evaluation of the model at various stages 

of the process as described in Figure 5-1. Model simulations will be compared with an independent 

data set that was not used for model development and model calibration purposes. Evaluations will 

be done by comparing plots of data and model predictions. These plots will not only provide the 

quantitative estimates, but will also provide qualitative assessments. As information is passed from 

one step of the modeling process to another, different assessments will be planned to determine if 

they are acceptable to pass on to the next phase. The individual assessments of the steps identified 

in Figure 5-1 will provide the basis of the overall assessment. The modeling team will discuss all 

issues identified pertaining to these criteria, alert the LimnoTech Project Manager and Water 

Quality Model Technical Leader about any identified issues, and will document any procedures 

used to resolve them. In general, judgments on the accuracy of the model results will be made by 

comparing the simulated results with previous results that have been peer reviewed, and with 

observed trends in the data. If the model results do not compare well, the inputs will be reexamined 

and the model will be run with adjusted inputs if needed. 
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Figure 5-1:  Criteria for Various Stages of Modeling Process 

 

All project deliverables will undergo in-house review and validation by project staff, review by 

the Field Manager Task Leader, Water Quality Model Task Leader and the Project Manager, and 

review by Greeley and Hansen. 

5.3.1 Validation Methods 

The model input data and model results will undergo extensive review for quality control by the 

project staff, Principal Investigator and Project Manager. As described in Section 4.1, model runs 

that are used to generate final results will be compared against model results from previous 

scenario runs to ensure consistent results. Any deviations from previous model runs will be noted 

and investigated to ensure that the model predictions are accurate and reasonable.  

 

Step 2: Evaluate numerical (coded) 

model with step 1 

Step 3: Code verification: Apply 

evaluation criteria 

Step 6: Evaluate model results: Use 

performance criteria 

Step 4: Evaluate model generated 

data: Apply evaluation criteria 

Step 5: Validation of input and 

output data 

Step 1: Check mathematical basis 

for the model 
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Data used for inputs will be evaluated for adequacy in terms of the common data quality indicators, 

such as precision, accuracy, comparability, representativeness, and completeness. Judgments on 

the accuracy of the data will be checked by comparing the data trends and by comparing data with 

any historical data available. Each data set will be categorized in different groups by its usability, 

as described in Section 2.4.  

The project team is responsible for establishing and maintaining the QA/QC processes outlined in 

this QAPP to ensure the quality of the project data. The modeling team will discuss all the issues 

identified pertaining to available data, alert the LimnoTech Project Manager, Water Quality 

Monitoring and Modeling Task Leaders and Quality Assurance Manager about any identified 

issues, and will document in the final report the procedures used to resolve them.  

5.3.2 Reconciliation with User Requirements (D.3) 

Once all field measurements and analytical data have been reviewed, quality control measures 

assessed, and any problems addressed, the measurement and analytical data will be assessed. 

The assessment of the information generated from the monitoring program will be initiated by 

entering all analytical data and field measurement data into the project database. In addition, 

precipitation, flow data, velocity data, stage data, field notes, and information on any sampling 

anomalies will be appended. All of these data will be evaluated and any relationships or 

correlations will be noted. The compilation of all information surrounding a sampling and/or 

monitoring event will be available to facilitate reconciliation with user requirements. Ultimately, 

these data will be used in the development of the watershed and water quality models. 

The modeling staff, which includes the LimnoTech Project Manager, Water Quality Model Task 

Leader and Quality Assurance Manager, will review the model results, incorporating the 

uncertainty in model predictions, and will check model predictions for reasonableness and 

relevance based on observed data. The model development and testing are intended to ensure that 

if the step to develop the cause-effect relationship meets its own internal quality standards, the 

output of this step (i.e., the output of modeling framework) will meet the requirement for the entire 

project. Therefore, if the model outputs meet the internal criteria for establishing the cause-effect 

relationships, as described in this plan, requirements for the overall modeling framework will be 

met.  
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APPENDIX B 

EuroFins QC Laboratory Standard Operating Procedures 
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1.0 BACKGROUND 

Delaware County Regional Water Quality Control Authority (DELCORA) is responsible for the 

collection, transmission, treatment and disposal of approximately 65 million gallons per day 

(MGD) of wastewater generated in southeastern Pennsylvania. DELCORA’s facilities serve 

residential, commercial, institutional, and industrial customers in Delaware County. DELCORA 

owns and operates an extensive system of pump stations, force mains, and sewers that provide 

the core infrastructure for the transmission of wastewater to treatment facilities in Delaware 

County and the City of Philadelphia as shown diagrammatically in Figure 1-1 (DELCORA, 

2017b). The total service area served by DELCORA, as shown on Figure 1-2 (DELCORA, 

2017b), is approximately 82,977 acres which illustrates that DELCORA serves a significant and 

widespread portion of Delaware County. 

The combined sewer area simulated in DELCORA’s existing Hydrologic and Hydraulic model is 

located within the City of Chester and consists of a drainage area of approximately 1,510 acres. 

It comprises approximately half of Chester City’s serviced area. To support the service area, 

DELCORA owns and operates over 129 miles of separate and combined sewers. Included in the 

129 miles of sewers are: 11.7 miles of an interceptor system; 3,209 manholes; and twenty-five 

(25) combined sewer outfall regulators controlling storm overflows. The location of Chester 

City’s service area is illustrated on Figure 1-2 (DELCORA, 2017b). 

Historically, DELCORA has characterized its service areas as “Eastern” and “Western.” The 

Western service area discharges to DELCORA’s Western Regional Treatment Plant (WRTP). 

The Eastern service area discharges to the Philadelphia Water Department’s Southwest Water 

Pollution Control Plant (PWDSWPCP). In 2002, DELCORA completed the installation of a 

force main that connects the Eastern Service Area’s Central Delaware Pump Station (CDPS) to 

the Chester Force Main. This connection allows DELCORA to send flow from the CDPS to the 

WRTP. Flows above 20 MGD are directed to the PWDSWPCP. As such, dry weather flows and 

a portion of the wet weather flows (total flow less than 20 MGD) from the Central Delaware 

County Authority in the Eastern Service Area are discharged to the WRTP. 

There are a total of 26 combined sewer overflow outfalls listed with 25 discharge points (Outfall 

#009 and #010 both discharge at Outfall #009) in DELCORA’s existing National Pollutant 
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Discharge Elimination System (NPDES) Permit. Under its NPDES Permit No. PA0027103, 

issued and administered by the Pennsylvania Department of Environmental Protection (PADEP), 

DELCORA is authorized to discharge from the Western Regional Treatment Plant (Outfall 

#001), four storm water outfalls at the WRTP (028-031) and from 26 combined sewer overflow 

outfalls (#002-#026, #032, #033) that ultimately discharge to the Delaware River, Chester Creek 

and/or Ridley Creek.  

2.0 SAMPLING AND ANALYSIS PLAN OVERVIEW 

The Sampling and Analysis Plan (SAP) is designed to collect data that will be used to develop 

and calibrate watershed and receiving water quality models which will be used to assess water 

quality concerns for the POCs identified in the Identification of Sensitive Areas and Pollutants 

of Concern Report (DELCORA, 2016a). These POCs are fecal coliform, E. coli, and 

Enterococcus. Additional in situ parameters, such as salinity, temperature, and conductivity will 

also be collected to inform the development of the Water Quality Model. 

Water quality monitoring will be undertaken at up to thirteen (13) in-stream locations (seven of 

which are Delaware River sampling locations), four (4) CSO locations in the DELCORA 

combined sewer system area, and two (2) storm water locations in the City of Chester municipal 

separate storm sewer system, as shown in Figure 1. Maps of each sample location are also 

provided in DELCORA, 2017b. Water quality monitoring and sampling will be conducted as 

follows: 

 Eleven (11) in-stream locations in the vicinity of the DELCORA CSO area will be 

sampled for water quality for (3) dry weather events; one of which will be targeted for 

collection during a tributary low-flow period (less than 25th percentile flow). The mid- 

stream and far-shore Delaware River locations will not be sampled during the dry 

weather surveys because it is expected that water quality in the river will be relatively 

uniform laterally due to the lack of active sources during dry weather. These dry 

weather events would preferably be distributed across the sampling season, which is 

assumed to be March through June of 2017. Grab samples and in situ measurements will 

be collected at each location during each event. 

 Thirteen (13) in-stream locations will be sampled for water quality using grab 

samples and in situ monitoring for three (3) discrete wet weather events, according to the 

surface water quality monitoring program protocols described in this SAP; 
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 Up to four (4) CSO and two (2) stormwater outfall locations will be sampled for water 

quality for the same three (3) discrete wet weather events according to the outfall 

monitoring program protocols described in this SAP. Samples for all outfalls will be 

collected as grab samples. 

 Standard operating procedures (SOPs) referenced in the following sections of this SAP. 

The sampling events are planned to be distributed across the sampling season, which is assumed 

to be March through June 2017. Additionally, bathymetry surveys in the lower portion of the 

tributaries may be required to inform the development of the Water Quality Model, pending 

delivery of HEC models with transect information for these portions of the receiving waters. 

2.1 SAMPLE LOCATIONS 

Monitoring locations have been selected to characterize the watershed at a sub-watershed level, 

recognizing various political and hydrologic features, land uses and potential pollutant sources. 

Site selection and analytical parameters are designed to characterize stormwater outfalls, CSOs, 

tributaries upstream and within the Chester CSO discharge area, and the main stem of the 

Delaware River in the project area. The sampling locations are shown in Figure 1 and listed in 

Table 1, Table 2, and Table 3. 

The tables include summaries of the rationales for each sampling location selected. The Chester 

Creek and Ridley Creek locations were selected to distinguish, to the extent possible, between 

upstream, stormwater and Chester CSO pollutant loads. The Delaware River sampling locations 

will provide a characterization of water quality entering the Chester CSO area from either tidal 

direction as well as water quality within the CSO discharge area. During wet weather, three 

samples will be collected across the transect corresponding to the DR-04 sampling location 

during each sampling round, when sampling across the river is feasible, to characterize lateral 

variability in the Delaware River during storm events. Delaware River conditions may be too 

hazardous for safe collection of one or more samples and/or sampling rounds (e.g. during periods 

of heavy barge traffic, small craft advisories, lightning, etc.). When these conditions occur, 

sampling will not be conducted in the river for safety reasons. 

The CSO sampling locations were selected based on their outfall discharge location, relatively 

high frequency of overflow, their overflow volume, and their accessibility. The stormwater 
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sampling locations were selected to characterize the water quality associated with the 

predominant land uses (residential and commercial/industrial) in the study area. Each stormwater 

sampling location is in an area that is representative of the land use elsewhere in the City’s 

stormwater area. 
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Figure 1: Proposed Receiving Water (RW), Combined Sewer (CSO), and Stormwater (SW) Monitoring Locations  
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Table 1: Tributary Receiving Water Sampling Locations 

Station ID Sampling Location Receiving Water Type Activity/Notes Accessibility 

CC-01 
Upland Rd. / Incinerator Rd. 

Bridge. 
39.850122, -75.386348 

Chester Creek Tributary 
20 ft. from rail to water. Upstream of 
CSO outfall. Creek is non-tidal.  

Upland road access gated from both ends, may need 
to contact police for access or walk in from gate. 
Minimal traffic. 

CC-02 
9th St Bridge 
(54 W 9th St) 

39.850709, -75.365530 
Chester Creek Tributary 

23 ft. from rail to water. Bridge is 
located next to Chester High School. 

Accessible from 9th Street. Can pull vehicle on 
shoulder or pull into school. Light traffic. 

CC-03 

Intersection of Edgmont and 2nd 
street. William Penn’s Landing 

Park  
(126 E 2nd St) 

39.845227, -75.360284 

Chester Creek Tributary 

Site is in William Penn’s Landing Park. 
Sample off of Concrete plaza that 
overhangs Chester Creek. Tidal 
influence. Grab samples upstream of 
bridge. 

Can pull vehicle off of 2nd Street and walk into 
park. Light traffic. 

RC-01 
Chester Park Drive Bridge 
(298 East Elkington Blvd) 
39.873264, -75.375183 

Ridley Creek Tributary 
19 ft. rail to water. Sample upstream 
of CSO outfall. Upstream of CSO-33. 
Creek is non-tidal here. 

Can park in lot adjacent to Chester Park Drive 
Bridge. Minimal traffic. 

RC-02 
Morton Ave. Bridge 
(1300 Sun Drive) 

39.863016, -75.348686 
Ridley Creek Tributary 

22 ft. rail to water (low tide), with 2 ft. 
water depth. Site is in same area as 
CSO-18. 

Can park on Sun Drive and use sidewalk when 
sampling off of bridge. Medium traffic. 

RC-03 

4th Street (Harrah’s) Bridge. 
Bridge No. 157 (Chester- 

Eddystone Bridge) 
(1050 East 4th St Eddystone) 

39.853435, -75.346350 

Ridley Creek Tributary 

25 ft. rail to water (low tide) shallow 
during low tide. Creek is tidal. Lower 
bottle from bridge using a rope or other 
means. 

Can park on shoulder north of bridge use sidewalk 
when sampling off of bridge. Medium traffic. 
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Table 2: Main Stream Receiving Water Sampling Locations 

 

Station ID Longitude Latitude Receiving Water Type Description Rationale 

DR-01 39.85282 -75.3299 Delaware River Main stem 
Delaware River between Ridley 
Creek and Crum Creek 

“Upstream” of DELCORA’s CSO 
discharges1 

DR-02 39.84715 -75.3462 Delaware River Main stem 
Delaware River between CSO-14 
and Ridley Creek 

Characterize Ridley Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-03 39.8398 -75.3606 Delaware River Main stem 
Delaware River between CSO-11 
and Chester Creek 

Characterize Chester Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-04 39.83132 -75.3766 Delaware River Main stem 
Delaware River at the boat launch 
off Highway 322 

Priority area, in the lower Delaware 
River (Primary contact area) 

DR-05 39.82182 -75.3917 Delaware River Main stem 
Delaware River between CSO- 002 
and Stoney Creek 

“Downstream” of DELCORA’s CSO 
discharges1, in the Atlantic sturgeon 
sensitive area 

DR-062 39.82636 -75.371 Delaware River Main stem 
Delaware River mid-stream along 
the transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

DR-072 39.82203 -75.3665 Delaware River Main stem 
Delaware River far shore (left 
descending bank) along the 
transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

Notes: 
1 “Upstream” and “downstream” subject to tidal conditions at time of sampling 
2 These locations will be sampled during the wet weather events only, when river conditions permit. POC concentrations are assumed to be laterally well-mixed 
during dry weather due to the absence of significant pollutant sources. 
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Table 3: CSO and Stormwater Sampling Locations 

 

Station ID 
Sampling 
Location 

Receiving 
Water 

Type Activity/Notes Accessibility 

CSO-02 

Front and Booth St 

(100 Booth St) 

39.828334, -75.392570 

Delaware River CSO 

SCADA level sensor installed. Concrete 
dam diverts flow to right side MH flow to 
WRTP (has an orifice plate). Overflow over 
the dam will flow to CSO outfall at Delaware 
River. 

Can park at the end of Booth St. prior to rail 
tracks. Minimal traffic. MH cover is marked 
with white dot. 

CSO-05 
Front and Townsend 
(101 Townsend St) 

39.832598, -75.383958 
Delaware River CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to right 
side MH flow to WRTP. Overflow over the 
dam will flow to CSO outfall at Delaware 
River. 

Can park at the end of Townsend St. Minimal 
traffic. MH cover is marked with white dot. 

CSO-18 

Hancock St. and Sun Dr. 

(1310 Sun Dr) 

39.863501, -75.349203 

Ridley Creek CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to right 
side MH flow to WRTP. Overflow over the 
dam will flow to CSO outfall at Ridley Creek. 

Can park at the end of Hancock St. Minimal 
traffic. MH cover is marked with white dot. 

CSO-19 
14th and Crozer Hospital 
(1 Medical Center Blvd) 
39.857132, -75.366105 

Chester Creek CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to 
interceptor MH flow to WRTP. Overflow over 
the dam will flow to CSO outfall at Chester 
Creek. 

Can park in the cul-de-sac off of 14th St. High 
traffic. MH cover is on lawn area marked with 
white dot. 

SW-SS2 
105 Townsend St 

39.832853, -75.384193 
Delaware River SW 

Industrial storm water MH. MH is clear and 
on gravel area near CSO-05. 

Can park at the end of Townsend St. Minimal 
traffic. MH cover is marked “storm” with white 
dot. 

SW-05A 
7th and Engle Street 

(by tennis courts) 
39.838501, -75.387708 

Chester Creek SW 
Residential storm water MH. MH is clear 
and on grass area off of road. 

Can park on 7th St. shoulder and access MH 
on lawn next to traffic light. Medium traffic. MH 
cover is on lawn area marked with white dot. 
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2.2 SAMPLING SCHEDULE 

 DRY WEATHER SAMPLING 

Collection of water quality samples will be performed for three (3) dry weather events; with one 

dry weather sampling event planned to be collected during a low-flow period (less than 25th 

percentile flow) in Chester Creek and Ridley Creek (if possible). Two rounds of sampling will be 

conducted for each dry weather survey: one round to be completed during ebb (outgoing) tide and 

the second round to be completed during flood (incoming) tide. 

Dry weather event samples will be taken at up to eleven (11) locations: 

 Three (3) locations on Chester Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to DELCORA’s 

CSO discharges and the area adjacent to the City of Chester outside the combined sewer 

service area. Additionally, because DELCORA’s CSO discharges are within the tidal 

extent of the Delaware Bay, the downstream sampling locations will also reflect these tidal 

influences on water quality. 

 Three (3) locations on Ridley Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to DELCORA’s 

CSO discharges and the area adjacent to the City of Chester outside the combined sewer 

service area. Additionally, because DELCORA’s CSO discharges are within the tidal 

extent of the Delaware Bay, the downstream sampling locations will also reflect these tidal 

influences on water quality. 

 Five (5) locations on the Delaware River that will characterize water quality in the 

vicinity of DELCORA’s CSO discharges. Sampling locations have been selected to 

separate to the extent possible the effect of DELCORA’s CSOs on water quality from other 

sources contributing pollutants to the waterways. Sampling will be conducted near the 

shoreline adjacent to the City of Chester. 

The locations of these stations are shown in Figure 1. Details for these stations are provided in 

Table 1, Table 2, and Table 3. The set of parameters for which the samples will be analyzed is 

provided in Table 5. In-situ measurements of physical parameters, such as salinity, temperature, 

and conductivity will be collected at each sampling location with a sonde. In the Delaware River, 

in situ measurements will be made at three depths at each sampling location during each round of 

sampling. 
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 WET WEATHER SAMPLING 

Collection of water quality samples will be performed for three (3) wet weather events. The 

purpose of the wet weather sampling is to characterize the impact of CSO discharges and non- 

CSO source runoff on in-stream water quality. The wet weather events will span a range of 

precipitation, flow and seasonal conditions. Wet weather event samples will be taken at all 13 in-

stream locations as well as at up to six source locations in the intervals described below: 

 Six (6) In-Stream Tributary Sampling Locations: Three (3) locations will be on Chester 

Creek and three (3) locations on Ridley Creek. The locations will be the same locations 

used for the dry weather surveys. Tributary locations will be sampled up to five times per 

event at the following approximate intervals: Hour 0.5-2.5, Hour 4.5-6.5, Hour 8.5-10.5, 

Hour 14.5-16.5, and Hour 22-24. Sampling intervals will be defined by the start of rainfall 

rather than CSO or SSO activation. A total of 30 samples will be collected during each wet 

weather sampling event from in-stream locations. One field blank and one field duplicate 

will be collected during each event to be used as field quality control (QC). 

 Up to Seven (7) In-Stream Delaware River Locations: Up to seven locations will be on 

the Delaware River and will be sampled up to ten times per event at the following 

approximate intervals: Hour 0, Hour 2, Hour 4, Hour 6, Hour 9, Hour 12, Hour 15, Hour 

18, Hour 21, and Hour 24. Sampling intervals will be defined by the start of rainfall rather 

than CSO or SSO activation. The frequency of sampling is intended to capture in-stream 

impacts in the vicinity of DELCORA’s service area from both DELCORA’s CSOs as well 

as upstream sources. Two additional locations on the Delaware River, one at mid-stream 

and one near the far shore, have been added to characterize lateral variability in water 

quality during storm event conditions, when sampling across the river is feasible. The 

sampling regimen is also designed to allow a semi-quantitative mass balance to be 

computed over a complete tidal cycle. A total of 70 samples may be collected during each 

wet weather sampling event. If river conditions are unsafe for sampling (e.g. small craft 

advisories, heavy barge traffic, etc.), sampling may be suspended for one or more locations 

and/or sampling rounds. One field blank and one field duplicate will be collected during 

each event to be used as field QC. Final selection of sampling locations and sampling 

intervals will be determined prior to the start of the sampling program and will be based 

on logistic considerations (e.g. can seven locations be sampled and dropped off to a courier 

within the 3 hour sampling window), safety and accessibility to the Delaware River, and 

available resources. 

 Up to Six (6) Outfall Locations: Sampling will be conducted at up to two (2) stormwater 

outfalls and up to four (4) combined sewer overflow outfalls. The CSO and stormwater 

sampling locations will be finalized prior to the initiation of the sampling program based 

on accessibility of sampling, safety of sampling personnel, equipment risk, and available 

resources. It is assumed that each of the outfall locations will have up to eight sets of 

samples collected for each event at the following intervals: 1st flush, 30 minutes, and 60 

minutes, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours. If a location is not flowing, no 

sample will be collected. As many as 48 samples may be collected during each wet weather 

sampling event, depending on the number of monitored outfalls and if all monitored 
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outfalls discharge for 24 hours. However, the actual number of samples is likely to be less 

than the amount indicated since it is unlikely that all of the monitored outfalls will 

discharge for the full 24 hour monitoring period. One field blank and one field duplicate 

will be collected during each event to be used as field QC. 

The locations of these stations are shown in Figure 1. Details for these stations are provided in 

Table 1, Table 2, and Table 3. The set of parameters for which the samples will be analyzed are 

summarized in Table 5. In-situ measurements will not be collected at the outfall locations. 

Sampling crews will conduct all wet weather event sampling using the protocols described in the 

Quality Assurance Project Plan (DELCORA, 2017a). Samples will be delivered to the laboratory 

where the samples will be analyzed for the laboratory parameters identified in Table 5. 

Determination to mobilize for a Wet Weather Event will be a collaborative effort between Greeley 

and Hansen, LimnoTech, the field sampling contractor and the laboratory contractor personnel. 

The intent is to identify a 4 to 6 hour window in which a wet weather event may commence 24 

hours in advance to assist in mobilization of the sampling crews. 

2.3 FIELD SAMPLING METHODS AND PROCEDURES 

 RECEIVING WATER AND SOURCE SAMPLE COLLECTION METHODS 

The physical, microbiological and chemical data that will be collected from the waterbodies are 

obtained either through direct (in situ) measurements or through analysis of a water sample. The 

microbiological and chemical data collected from the outfall discharges will be obtained through 

laboratory analysis of the water samples. The general collection procedures for receiving water 

and outfall sampling are as follows: 

1. Clean and decontaminate all sampling equipment prior to and after sample collection 

according to the procedures in the SOP No. 301. 

2. Don appropriate personal protective equipment as required by the Health and Safety Plan 

(HASP). 

3. Collect samples by dipping a container on a pole, into the water. The water is then poured 

into the clean sample containers pre filled with preservative. The collection container will 

then be disposed of. Care should be taken to avoid capturing bottom sediment or surface 

foam/scum during sample collection.  

4. Creek water samples collected from bridges higher than 25 ft above the water surface will 

be collected by bailer, or from a new wide mouth glass jar, connected to new string. The 

water is then poured into the clean sample containers pre filled with preservative. The 
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collection container will then be disposed of. Care should be taken to avoid capturing 

bottom sediment or surface foam/scum during sample collection.  

5. CSO samples will be collected using a “clean hands, dirty hands” technique. In 

accordance with the HASP, atmospheric conditions, such as lower explosive limit, and 

hydrogen sulfide, will be monitored inside the manhole prior to sample collection, or any 

other invasive activity. CSO sample collection from CSO-19 (wet weather only), will be 

screened for radioactivity as there may be the potential for medical treatment waste to be 

present.  

6. Label all sample containers with the date, time, site location, sampling personnel, and other 

requested information. 

7. Record sample collection information on the field logs and then store the samples in a 

cooler with ice as described in the SOP No. 103. 

8. Handle, pack, and ship samples according to the procedures in the SOP No. 103, 

including the completion of a Chain-of-Custody (COC) form for each cooler shipped to 

the laboratory for analyses 

 IN SITU MEASUREMENTS (RECEIVING WATER ONLY) 

Instantaneous water quality measurements (such as salinity, temperature, and conductivity) using 

field instruments will be collected at the receiving water locations as specified in DELCORA, 

2017b. These measurements, along with calibration and maintenance, will be conducted 

following manufacturer’s instructions (YSI, 2009) 

Field instruments will be calibrated before initiating monitoring activities for each event and a 

post-monitoring calibration check will be conducted at the end of the event. All calibration and 

maintenance activities will be documented on the Instrument Calibration Sheet. The field 

instrument calibration must be conducted in accordance with the manufactures instructions. 

Salinity, temperature, and conductivity will be measured at all in-stream sampling locations using 

a YSI 6920 or similar instrument during both wet and dry sampling events, prior to sample 

collection. Measurements will be made mid-channel at mid-depth in the tributaries, whenever 

possible. In the Delaware River, measurements will be made at the surface, mid-depth and near 

the bottom, whenever possible. Measurements will be documented in the field logs. 

Documentation will include: date/time, location, type of measurement, personnel, equipment 

identification, and general site observations (e.g. weather, stream conditions). 
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 SAMPLING EQUIPMENT 

The sampling equipment required for the DELCORA monitoring program is included in Table 4. 

Table 4: Sampling Equipment list 

Sampling Activity Required Equipment 

General Equipment 
(Required for all sampling 
activities) 

Field log book with weather- 
proof paper and pen 
(“Rite- in-the-Rain”) or 
field data sheets 

Pens/pencils and Maps 
Sample bottles and labels 
Swing sampler/dipper 
Chain-of-custody  
Zip lock bag 
Coolers with ice 
Amber glass bottles 
Bailer twine 
Intrinsically safe headlamps 
Intrinsically safe flashlight 
Extra batteries 
Hydrolab/YSI multi-parameter  
First Aid Kit and BBP Kit 

12” Nitrile gloves 
Hand spray bottles with Liquinox solution 
Scrub brush and bucket 
Distilled water (10 gallons)  
Sun screen 
PPE as specified in HASP 
Phone Emergency Contact List 
Field Safety Instruction 
Eye Wash 
Cell phone 
Calibration materials and solutions/gases 
Sonde and instrument (sonde) calibration sheet 
Sonde instrument manual 
Sonde service kit 
Extra batteries for instruments (sondes) 
 

Wet Weather In-Stream 
Sampling 

General Equipment 
Rain Gear 
Submersible Marine Radio 
16’ Jon Boat with motor 
Tide Charts and Navigation Charts 
Float Plan 
Depth Finder 
Boat Gear (Personal and throwable PFD’s, whistle, oars, anchor, line, nav lights, bailer, air 
horn) 
Mustang Suits 
 

Wet Weather CSO & 
Outfall Sampling 

General Equipment 
Rain Gear 
RAD meter with pancake probe 
Multi RAE for LEL and H2S screening 
 

Dry Weather Sampling General Equipment 
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2.4 SAMPLE IDENTIFICATION 

Sample packaging and shipping procedures are designed to ensure that the samples and the 

chain- of-custody forms will arrive at the laboratory intact and together. 

1. All samples collected will be labeled in a clear and precise way for proper identification in 

the field and for tracking in the laboratory. The laboratory will pre-label each bottle with 

all information except for the date and time of sample collection using the method 

described below. The person collecting the sample will complete the label with date and 

time. No bottle sets will be distributed without the pre-labeling unless specifically agreed 

upon among Greeley and Hansen, LimnoTech, the field sampling and laboratory 

contractors prior to the sampling event. 

Use indelible waterproof marking pen and include: 

 Sample identification code (ID)– will include: 

- Site designation number - sampling round number, as follows: 

__  __  -  __  __  __  -  __  -  __ 

1 2 3 4 5 6 7 

Where, 

Characters 1-5:  Sample Site ID (column 1 in Table 1, Table 2 and Table 3) 

Character 6:  Sampling round number 

Character 7:  B - Blank sample qualifier (if required) 

- Duplicate samples will be labeled with a sample ID of: 

“DUP  __  __  __ - __  __”. 

1 2 3 4 5 

Where 

Characters 1-3: Duplicate ID number (numbers will be assigned to each 

sampling crew) 

Characters 4-6: Designation of RW for receiving water sample duplicate or 

OF for outfall sample duplicate. A blank line will be placed in the location, 

date and time boxes of the sample label so the laboratory does not know 

where the sample was collected. The duplicate number in the duplicate 

sample ID will be assigned in the field and recorded in the field log book. 

- Blank samples will be given a normal sample ID, with a B qualifier at the end 

of the ID. 

 Sample type (water); 

 Analysis required; 

 Date sampled; 
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 Time sampled; 

 Name or initials of person who collected the sample; 

 Mode of collection (composite or grab); 

 Preservation added, if applicable. 

2. Check the caps on the sample containers so that they are tightly sealed. 

3. Cover the label with clear packing tape to secure the label onto the container and prevent 

the label from being illegible if wet. 

4. Store samples in coolers with ice to maintain the samples at <4 degrees Celsius until they 

are received in the laboratory. 

5. Complete the information needed on the field log book and the chain-of-custody, primarily 

sample date and time and any notes regarding deviations from the planned sampling 

protocol (e.g. limited volume precluded collecting the full volume required). 

2.5 SAMPLE MANAGEMENT  

Samples will be properly packaged for transport to the laboratory as summarized below. 

1. Using packaging tape, secure the outside and inside of the drain plug at the bottom of the 

cooler that is used for sample transport. 

2. Place the sealed container upright in the cooler. 

3. Place additional cushioning material around the sides of each sample container as needed. 

4. Place ice on top of sample containers. Do not pack ice so tightly that it may prevent the 

addition of sufficient cushioning material. Ensure that bottle caps will not be submerged in 

water if ice melts. 

5. Fill the remaining space in the cooler with vermiculite or other cushioning material if the 

coolers are being shipped. 

6. Place the chain-of-custody forms in a large Ziploc© type bag and tape the forms to the 

inside of the cooler lid. 

7. Close the cooler lid and fasten with packaging tape. Wrap strapping or packaging tape 

around both ends of the cooler at least twice, if coolers are being shipped. 

All shipments will be accompanied by the chain-of-custody form identifying the contents. It is 

preferred that a separate chain-of-custody form be completed for and placed in each shipping 

container/cooler. The original form will accompany the shipment and copies will be retained by 

the sampler for the project records. 

During the dry weather and wet weather sampling events, representatives from the laboratory will 

be responsible for collecting and delivering the samples to the laboratory quickly enough so that 
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hold times can be achieved for the bacteria parameters (8 hours from the time of sample 

collection). The Field Manager will manage the coordination of field crews and couriers during 

the sampling event. 

 SAMPLE DOCUMENTATION 

 FIELD DATA COLLECTION FORMS 

The field log book will serve as a daily record of events, observations and measurements during 

all field activities. All information pertinent to sampling activities will be recorded in the field logs 

and will include: 

 Names of field crew and specifically the author of the field log 

 Date and time of the sample round beginning and ending 

 Location of sampling activity 

 Date and time of collection 

 Sample identification numbers 

 Field measurements 

Field observations and details related to analysis or integrity of samples (e.g., weather conditions, 

noticeable odors, colors, stream flow description, etc.) 

The field log book may also include: 

 Sampling method 

 Sampling equipment used 

 Number and volume of samples collected 

 Type of sample 

 Summary of any meetings or discussions with the public, state agency, etc. 

 Levels of safety protection 

Field meters will be calibrated daily in accordance with the manufacturer’s recommendations. 

Standards, solutions used, concentrations and readings taken will be recorded daily in Instrument 

Calibration Sheet. 

 SAMPLE CHAIN-OF-CUSTODY FORMS 

A chain-of-custody is a legally-binding record of the date and time periods that samples were in 

the possession (e.g. custody) of the parties indicated. Transfers between parties are documented 

by the custodial party signing over custody to the receiving party and the receiving party signing 
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for receipt of the samples. Completed chain-of-custody forms will be required for all samples to 

be analyzed. 

Chain-of-custody forms will be prepared in advance by the laboratory for each sampling location 

and round of sampling. Chain-of-custody forms will be initiated by the sampling crews in the field 

during the sampling events and must remain with the samples at all times. The samples and signed 

chain-of-custody form will remain in the possession of the sampling crew until samples are either 

delivered to the lab or placed in the custody of the personnel responsible for their delivery to the 

laboratory. 

The chain-of-custody form will contain the sample’s unique identification number, sample date 

and time, sample description, sample type and analyses required. Copies will be made prior to 

shipment for field documentation. The original chain-of-custody form will accompany the samples 

to the laboratory. 

 DATA SUBMITTAL 

Instrument Calibration Sheets and copies of the field log book will be turned over to the 

LimnoTech Water Quality Monitoring Program Task Manager following each monitoring event. 

Following review by the LimnoTech Water Quality Monitoring Program Task Manager, all field 

logs, photographs and chain-of-custody forms will be included in the project database. 

 QUALITY CONTROL 

The purpose of any quality assurance/quality control (QA/QC) program is to ensure that all 

sampling protocols and procedures are followed such that samples are representative of the water 

quality to which they are associated. The monitoring data that will be collected is intended to meet 

the quality assurance objectives described in the QAPP. Data quality will be measured in terms of 

accuracy and precision, completeness, representativeness, comparability, and the required 

detection limits for the analytical methods. Each of these data quality indicators is defined in the 

QAPP. QC samples will be collected in the field to support the assessment of data quality. The 

QA/QC program includes the following elements: 

 Training of all field staff; 

 Field quality control procedures; 
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 QA/QC samples; and, 

 Equipment calibration. 

2.6 DECONTAMINATION AND INVESTIGATION-DERIVED WASTE 

If sampling equipment, such as buckets, etc., are to be reused at more than one location in the field, 

they must be cleaned prior to collecting the next sample. Prior to leaving a site, the equipment 

will be washed with a mild disinfectant solution (1:25 ratio household bleach to tap water), 

followed by a detergent solution (Alconox, or equivalent) wash, and must be rinsed at least three 

(3) times with distilled water. A brush may be used to remove deposits of material or sediment if 

necessary. At the next sampling site, the equipment must be rinsed at least one time at each 

location with creek water prior to sampling. 

Equipment and instruments used for sample collection or monitoring at CSO locations (wet 

weather only) will be wiped down using a disinfectant wipe, followed by a distilled water rinse.  

Decontamination water generated during the sampling events will be collected in 5 gallon 

buckets and disposed of at the DELCORA treatment facility at the end of the sampling shift. 

3.0 ANALYTICAL PARAMETERS AND METHODS 

Samples will be analyzed by Eurofins, in their network of accredited laboratories for fecal 

coliform, E coli, and enterococcus through laboratory analysis by the following methods, or in 

accordance with 40CFR136.  

 Fecal coliform, Membrane Filters Technique for Members of the Fecal Coliform Group, 

Standard Methods 9222-D, 2006, 22nd Edition 

 E. coli, Membrane Filtration Using Modified Membrane- Thermotolerant Escherichia 

coli Agar by EPA 1603 

 Enterococci, EPA Method 1600, Membrane Filter Technique.  

Table 5 summarizes the analytical parameters, the matrices, analyses, analytical methods, 

containers, preservatives, QA/QC samples, and technical holding times for the samples proposed 

for collection during the sampling event. 
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Table 5: Guidelines for Water Sample Container and Preparation and Preservation 

Parameter Sample 
Container 

Sample 
Volume 

Storage 
Requirement 

Preservative Sample 
Holding 
Time 

Analytical 
Method 

Detection 
Limit 

Fecal coliform Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours Standard 
Methods 
9222-D 

10 no./100 ml 

E coli Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours EPA 1603 10 no./100 ml 

Enterococcus Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours EPA 1600 10 no./100 ml 

4.0 QUALITY ASSURANCE AND QUALITY CONTROL PROCEDURES 

This section describes the QA and QC procedures for personnel during the site sampling event, 

including responsibilities, field QC, laboratory QC, data evaluation, and data management. 

4.1 FIELD QUALITY CONTROL 

The quality of data generated in a laboratory depends primarily on the integrity of the samples that 

arrive at the laboratory. Consequently, necessary precautions must be taken to protect samples 

from contamination and deterioration. Procedures detailed in SOP No. 203 for Collection of 

Discrete Water Samples and instrument manufacturer’s instructions (YSI, 2009) will be followed 

to ensure field quality control. 

Field accuracy will be assessed through the use of field or equipment blanks. In order for the 

accuracy assessment to be relevant, all appropriate protocols concerning sample collection, 

handling, preservation, and hold times must be maintained. Equipment that is used to collect 

samples for analysis may become cross-contaminated through the normal course of monitoring. If 

not properly cleaned and rinsed, samples may be contaminated during sampling from previous 

locations. 

 FIELD BLANKS 

Field blanks will consist of a reagent grade blank water transferred into separate sample 

collection containers, transferred into the sample bottle ware, and submitted to the laboratory for 
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quality control. The laboratory will provide the sampling crews with the water to be used to 

prepare the field blanks. 

Field blanks will be collected at a frequency of one blank during each sampling event per sampling 

crew. 

 FIELD DUPLICATES 

Precision is a measure of the agreement between two or more measurements. Duplicate or replicate 

samples will be taken for a portion of the samples to assess field precision. A field duplicate is 

defined as a sample produced when a single sample is split into two or more aliquots immediately 

after the sample is collected. Each aliquot is placed into a separate container and analyzed 

separately.  

Field duplicates will be collected at a frequency at least one field duplicate per sampling crew. 

 CALIBRATION OF FIELD EQUIPMENT 

Instantaneous water quality measurements (such as salinity, temperature, and conductivity) using 

field instruments will be collected as specified in DELCORA, 2017b. Salinity, temperature, and 

conductivity will be measured at the specified sampling locations using an YSI 6920 or similar 

instrument, prior to sample collection. All field instruments will be calibrated at the beginning of 

the day of sampling and checked again at the end of each day, as required by the QAPP. Field 

instrument calibration and sample measurement data will be recorded on the Instrument 

Calibration Sheet and in the field log book, respectively. 

 DATA REPRESENTATIVENESS AND COMPLETENESS 

The intent of this SAP is to obtain a complete data set which is representative of site conditions. 

Data will be reviewed for completeness. If not all samples were collected, resulting in less than 

100% completeness, the reason for the data gaps will be identified in the Trip Report. If any data 

are rejected, the reason for the data rejection will be discussed in the Trip Report. If sampling 

activities or procedures vary significantly from this SAP due to unexpected conditions in the 

field or other unforeseeable factors, WESTON will discuss these deviations from the SAP and 

whether the changes affect data representativeness in the Trip Report. 



Delaware County Regional Water Quality Control Authority 

  Sampling Analysis Plan 

Page 21 

  



Delaware County Regional Water Quality Control Authority 

  Sampling Analysis Plan 

Page 22 

5.0 REFERENCES 

DELCORA, 2015. Hydrologic and Hydraulic Model Update and Calibration Plan Final.  

DELCORA, 2016a. Identification of Sensitive Areas and Pollutants of Concern Report. 

DELCORA, 2016b. Typical Hydrologic Period Report. 

DELCORA, 2017a. Water Quality Monitoring and Modeling Quality Assurance Project Plan 

DELCORA, 2017b. Water Quality Monitoring and Modeling Work Plan 

DRBC, 2003. Delaware River Basin Commission. DYNHYD5 Hydrodynamic Model (Version 

2.0) and Chloride Water Quality Model for the Delaware Estuary. 

http://nj.gov/drbc/library/documents/TMDL/HydroModelRptDec2003.pdf 

DRBC, 2012. Delaware River Basin Commission. Update on Nutrient Strategy for the Delaware 

River Estuary. Presentation of the Commission Meeting, September 12, 2012. 

 http://www.nj.gov/drbc/library/documents/nutrient-strategy-estuary_pres091212.pdf  

Ludlum, 2005. Ludlum Measurements, Inc. Ludlum Model 19 Micro R Meter Technical Manual. 

November. 

PWD, 2015. Philadelphia Water Department. Tidal Waters Water Quality Model – Bacteria and 

Dissolved Oxygen 

http://phillywatersheds.org/doc/WQ_Model_Complete_Report_FinalDigital_WITHAPPEND

ICES_WithAddendumpage_2016_09_19.pdf  

RAE, 2015. RAE Systems. MultiRAE Series User’s Guide, Revision H. August. 

UD, 2011. University of Delaware. Validation of a Hydrodynamic Model of Delaware Bay and 

the Adjacent Coastal Region. 

 https://www1.udel.edu/kirby/papers/castellanokirby-cacr11-03.pdf 

United States Environmental Protection Agency (USEPA), 2014. Storm Water Management 

Model User’s Manual Version 5.1. 

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100N3J6.TXT 

United States Environmental Protection Agency (USEPA), 1994. Report of the Agency Task Force 

on Environmental Regulatory Modeling: Guidance, Support Needs, Draft Criteria and 

Charter. EPA-500-R-94-001. Washington, D.C.: U.S. Environmental Protection Agency 

WESTON, 2011. Weston Solutions, Inc. Chain-of-Custody Documentation. SOP No. 103. 

August. 

WESTON, 2012. Weston Solutions, Inc. Surface Water Sampling. SOP No. 203. November. 

WESTON, 2015a. Weston Solutions, Inc. Photographic and Video Documentation. SOP No. 

104. November. 

WESTON, 2015b. Weston Solutions, Inc. Decontamination Procedures. SOP No. 301. 

November. 

WESTON, 2015c. Weston Solutions, Inc. Logbook Documentation. SOP No. 101. December. 

http://nj.gov/drbc/library/documents/TMDL/HydroModelRptDec2003.pdf
http://www.nj.gov/drbc/library/documents/nutrient-strategy-estuary_pres091212.pdf
http://phillywatersheds.org/doc/WQ_Model_Complete_Report_FinalDigital_WITHAPPENDICES_WithAddendumpage_2016_09_19.pdf
http://phillywatersheds.org/doc/WQ_Model_Complete_Report_FinalDigital_WITHAPPENDICES_WithAddendumpage_2016_09_19.pdf
https://www1.udel.edu/kirby/papers/castellanokirby-cacr11-03.pdf


Delaware County Regional Water Quality Control Authority 

  Sampling Analysis Plan 

Page 23 

YSI, 2009. YSI Incorporated. YSI 556 Multi Probe System Operations Manual, Revision D. 

August. 

YSI, 2012. YSI Incorporated. YSI 6-Series Multiparameter Water Quality Sondes Users Manual, 

Revision J. March. 



Delaware County Regional Water Qualiity Control Authority 

  Sampling Analysis Plan 

  

 

ATTACHMENTS 



Delaware County Regional Water Qualiity Control Authority 

  Sampling Analysis Plan 

  

 

STANDARD OPERATING PROCEDURES 



WESTON SOLUTIONS, INC. 
STANDARD OPERATING PROCEDURE 

 
SOP 101 LOGBOOK DOCUMENTATION 

 
Revision 2 December 2015 

SOP 101 - 1 

1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) members with a step-by-step guide for logbook documentation.  

2.0 LOGBOOKS  

2.1 Personal Logbooks  

All WESTON members are required to document daily office activities in personal logbooks. 
Information in these logbooks shall be factual and objective and must be kept current at all 
times. Entries should include daily events, such as specific work order numbers, activities, task 
numbers, phone calls and meetings. It is important to note that all personal logbooks are 
property of WESTON® and may be reviewed by management at any time. A copy of Attachment 
A “Logbook Operating Practices” must be affixed to the inside cover of the personal logbook. 
Personal logbooks must be obtained through WESTON® Administrative support staff and must 
include a WESTON® logbook tracking number. 

2.2 Site Logbooks  

All WESTON members are required to document site activities in site logbooks. Information in 
these logbooks shall be factual and objective and must be kept current at all times. Entries 
should include daily events, such as site activities, safety meetings, names of personnel 
entering/exiting site, sampling data, etc. A copy of Attachment A “Logbook Operating Practices” 
must be affixed to the inside cover of the site logbook. All site logbooks are the property of 
client and must remain with the site file. Site logbooks will be maintained by the WESTON® 
Project Team Leader. Information may be entered into the site logbook by any appropriate 
team member. Entries will be made in waterproof ink. Site logbooks must be obtained through 
WESTON® Administrative support staff and must include a WESTON® logbook tracking number. 

3.0 SPECIFIC PROTOCOL  

Adhere to the following protocol for both personal and site logbooks (see Attachment A for 
additional information): 

1. Logbooks are permanently bound, all pages numbered. 

2. Entries begin on page 1. 

3. Use only blue or black ink (waterproof). 

4. Write Weston Solutions, Inc., as well as the mailing address and phone number on the 
inside covers of both the site and personal logbooks.  
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5. Print the site name, volume number, and coverage dates on the site logbook cover and 
inside cover. 

6. Do not write in the margins or between written lines, and do not leave blank pages to fill 
in later.  

7. Fill in all pages in all logbooks.  

8. Place a single line through mistakes and initial each one. 

9. At the end of any partial page, draw a single diagonal line across the page and initial the 
line to indicate the end of that pages notes.  

10. If a line on the page is not completely filled, draw a horizontal line through the blank 
portion of the line and initial it. 

11. Write late notes/entries as soon as possible and identify this entry as such (use “Late 
Note:” on a new line to begin a late note and “End Late Note” on a new line to finish a 
late note).  

12. Be objective for all logbook entries 

13. Ensure that the logbook clearly shows the sequence of the day’s events. 

14. If an error is made, draw a single line through the error and initial it. 

15. Sign or initial all completed pages (typically in the lower right corner) as they are 
completed. 

16. Sign entries at the end of the day, or before someone else writes in the logbook. 

17. Maintain control of the logbook and keep in a secure location. 

Personal logbooks will contain (see Attachment A for additional information) the following 
information:  

1. Employee’s name, work address, and telephone number. 

2. Full names and affiliations for all persons cited in the logbook. Be sure to check the 
spelling of names and affiliations for accuracy.  

3. Sequence of daily events.  

4. Task numbers, full dates (i.e. 12 January 2012), and military time (i.e. 0800).  

5. Initialed daily entries.  

Site logbooks will contain (see Attachment A for additional information) the following 
information:  

1. The name and location of the site.  
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2. Names of Site Leader and Assistant Site Leaders.  

3. Site sketches if appropriate. Draw a box around the sketch to separate the sketch from 
the text in the logbook.  

4. Dates of sample collection or event.  

5. Time of sample collection or event.  

6. Weather conditions on a daily basis.  

7. Field observations.  

8. Numbers and types of samples collected and sample identification numbers.  

9. Description of sampling methodology by referenced Standard Operating Procedures or 
FSP.  

10. Type(s) of laboratory analyses requested.  

11. Phone calls and/or contacts with people at the site on a daily basis.  

12. Name of subcontractor and excavation equipment.  

13. Any modifications in work activities from approved work plans, FSPs, etc. (i.e., sampling 
locations, deviations from procedures with reasons, etc.).  

14. Visual description of samples and test pits, as required. Includes color, texture, 
moisture, and other physical soil characteristics.  

15. Levels of personal protective equipment worn for tasks performed.  

16. Significant changes during the day (i.e., stoppage of work during a lightning storm). 

3.1 Audits 

Personal and Site logbooks are subject to audit by WESTON® Quality Assurance personnel at 
any time. Logbook audits will be documented and maintained in the site project file and/or 
personnel file. Attachment B Logbook Auditing Check sheet or another method of 
documentation will be used to document all logbook audits.  

4.0 REFERENCES 

WESTON® (Roy F. Weston, Inc.). 1993. Standard Operating Practices (SP) Manual. SP No. 16-11-
016, “Test Pit Excavation and Sampling”. West Chester, PA. 
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ATTACHMENT A: LOGBOOK OPERATING PRACTICES 
 

Logbook Operating Practices 

Procedure 

 Logbooks are permanently bound, all pages numbered and entries begin on page 1. 

 Use only blue or black ink (waterproof). 

 Written Legibly. 

 Write Weston Solutions, Inc., as well as the mailing address and phone number on the inside covers of 
both the site and personal logbooks.  

 Print the site name, volume number, and coverage dates on the site logbook cover and inside cover. 

 Do not write in the margins or between written lines; do not leave blank pages to fill in later.  

 Fill in all pages in all logbooks.  

 Include the date on every page. 

 At the end of any partial page, draw a single diagonal line across the page and initial the line to indicate 
the end of that pages notes.  

 If a line on the page is not completely filled, draw a horizontal line through the blank portion of the line 
and initial it. 

 Write late notes/entries as soon as possible and identify this entry as such (use “Late Note:” to begin a 
late note and “End Late Note” to finish a late note).  

 Be objective for all logbook entries. 

 Ensure that the logbook clearly shows the sequence of the day’s events. 

 If an error is made, draw a single line through the error and initial it. 

 Sign or initial all completed pages (typically in the lower right corner). 

 Sign entries at the end of the day, or before someone else writes in the logbook. 

 Maintain control of the logbook and keep in a secure location. 

 End of Logbook noted on last page (“End of Logbook”). 

General Information 

 Team members listed at beginning of day.  

 Other Personnel & Affiliation (e.g. OSC-Smith, OSC-Jones) identified. 

 Signatures when change of recorder. 

 Team Members’ Site Entries and Exits are documented. 

 Late Entries Noted Appropriately. 

Field Logbooks 

 General Information. 

 Name, location of site, and work order number. 

 Name of the Site Manager or Field Team Leader. 

 Names and responsibilities of all field team members using the logbook (or involved with activities for 
which entries are being made). 

 Weather conditions. 

 Objective narratives written. 

 Field observations. 

 Names of any site visitors including entities that they represent. 

Sampling (a table in the logbook can be used for sample information) 

 Time Collected. 

 Grab/Composite. 

 Sample Location. 

 Type of Analysis. 

 CLP Case Number(s) 

 Shipping Information. 

 Number and types of collected samples. 

 Sample identification numbers, including any applicable cross-references to split samples or samples 
collected by another entity. 

 A description of sampling methodology, or reference to any governing document (i.e. Work Plan, 
QAPP). Any deviations from governing document(s) are identified with reasons for deviations specified. 

 Summary of equipment preparation and decontamination procedures. 

 Sample description including depth, color, texture, moisture content, and evidence of waste material or 
staining. 

 Air monitoring (field screening) results. 

 Types of laboratory analyses requested. 

Photo Logs 

 Camera and PDA (IDs). 

 Date of pictures. 

 Time of pictures. 

 Directions of photos. 

 Description of photos. 

 Photographer/Witness. 

Safety 

 All safety, accident, and/or incident reports. 

 Real-time personnel air monitoring results, if applicable. 

 Heat/cold stress monitoring data, if applicable. 

 Level of protection for tasks. 

 Reasons for upgrades or downgrades in personal protective equipment. 

 Health and safety inspections, checklists (drilling safety guide), meetings/briefings. 

 Equipment make, model, and serial number for monitoring instruments. 

 Calibration records for monitoring instruments. 

 Site Safety Meeting (time/topics). 

 Site Objectives/ Plan of Activities. 

 Chemical/Physical Hazards. 

 Personnel Attending. 

Equipment 

 Equipment Type (make, model, a serial numbers). 

 Calibration records. 

 Background Readings & Locations. 

 Monitoring Readings & Locations. 

 Sampler(s) initials 

 Contractor Oversight Activities 

 Progress and activities performed by contractors including operating times. 

 Deviations of contractor activities with respect to project governing documents (i.e., specifications). 

 Contractor sampling results and disposition of contingent soil materials/stockpiles. 

 Excavation specifications and locations of contractor confirmation samples. 

 General site housekeeping and safety issues by site contractors. 

 Equipment and personnel on-site. 

 Duration of equipment use vs. standby. 

 Inventory of shipments received (or verification of items on packing slip). 

 Document inspection of disposal trucks arriving at site (e.g., visual observation of clean tankers or truck 
trailers, etc.). 

Logbook OP_Rev3 December 2015 
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Site Name:__________________________ 

Work Assignment/TDD No. ______________________________________________________ 

Site Name:__________________________ Site Location:______________________________ 

Logbook Recorder:___________________ Logbook Reviewer:_________________________ 

As a part of WESTON’s quality assurance program, the following checklist should be used as a guide for items, at a 
minimum, to include in your logbook. In the future, please make your best effort to thoroughly document all field 
activities.  

LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

Logbook is permanently bound, all pages numbered and 
entries begin on page 1. 

    

Only blue or black ink used.     

Written Legibly.     

“Weston Solutions, Inc.” as well as the mailing address and 
phone number are included on the inside cover.  

    

The site name, volume number, and coverage dates (if the 
logbook is completed) are included on the site logbook 
cover and inside cover. 

    

No writing in the margins or between written lines.     

No blank pages; all pages are filled in.      

Date is included on every page.     

At the end of any partial page, a single diagonal line is 
drawn across the page and initialed.  

    

Where a line on the page is not completely filled, a 
horizontal line is drawn through the blank portion of the 
line and initialed. 

    

Any late notes/entries are identified as such (i.e., “Late 
Note:” to begin a late note and “End Late Note” to finish a 
late note).  

    

Logbook entries are objective.     

The logbook clearly shows the sequence of events.     

If an error was made, a single line was drawn through the 
error and it was initialed. 

    

All completed pages are signed or initialed (typically in the 
lower right corner). 

    

Signature of author at the end of the day     

Signature of author at change of recorder.     
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LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

End of Logbook noted on last page (“End of Logbook”) for 
completed logbooks. 

    

General Information 

Team members are listed at beginning of day.      

Other Personnel & Affiliation (e.g. OSC-Smith, OSC-Jones) 
are identified. 

    

Team Members’ Site Entries and Exits are documented.     

Name, location of site, and work order number is 
identified. 

    

Name of the Site Manager or Field Team Leader is 
identified. 

    

Weather conditions are noted.     

Field observations are sufficiently detailed.     

Sampling (a table in the logbook can be used for sample information) 

Sample identification numbers, are noted.     

Time Collected is identified.     

Grab/Composite is identified (or FSP/SAP is referenced).     

Sample Locations are identified (or FSP/SAP is referenced).     

Type of Analysis is identified (or FSP/SAP is referenced).     

CLP Case Number(s) is noted.     

Number and types of collected samples are identified (or 
FSP/SAP is referenced). 

    

A description of sampling methodology is included (or 
FSP/SAP is referenced). 

    

Any deviations from the FSP/SAP or other governing 
document(s) are noted, including specified reasons for 
deviations. 

    

Summary of equipment preparation and decontamination 
procedures are noted (or FSP/SAP is referenced). 

    

Sample description including depth, color, texture, 
moisture content, and evidence of waste material or 
staining are noted. 

    

Air monitoring (field screening) results are included.     

Types of laboratory analyses requested are identified (or 
FSP/SAP is referenced). 

    

Logbook is permanently bound, all pages numbered and 
entries begin on page 1. 
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LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

Only blue or black ink used.     

Written Legibly.     

“Weston Solutions, Inc.” as well as the mailing address and 
phone number are included on the inside cover.  

    

The site name, volume number, and coverage dates (if the 
logbook is completed) on the site logbook cover and inside 
cover. 

    

No writing in the margins or between written lines     

No blank pages; all pages are filled in.      

Date is included on every page.     

At the end of any partial page, a single diagonal line is 
drawn across the page and initialed.  

    

Where a line on the page is not completely filled, a 
horizontal line is drawn through the blank portion of the 
line and initialed. 

    

Any late notes/entries are identified as such (i.e., “Late 
Note:” to begin a late note and “End Late Note” to finish a 
late note).  

    

 

____________________________________  _____________________________ 

Signature of Reviewer      Date 
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1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) team members with a step-by-step guide for chain-of-custody documentation.  

2.0 SCOPE  

This SOP describes the minimum requirements for sample chain-of-custody procedures. These 
procedures permit traceability from the time of sample collection to generation of the 
analytical data report.  

These procedures are intended to document sample possession from the time of sample 
collection to sample disposal (i.e., sample shipment, sample storage, sample analysis). 

3.0 GENERAL PROTOCOL  

A chain-of-custody record will be maintained from the time of sample collection until final 
disposition. 

For the case of the chain-of-custody forms and the traffic report chain-of-custody forms, every 
transfer of custody will be noted and signed. The distribution of the chain-of-custody forms will 
be done in accordance with the distribution list at the bottom of each form. The 
chain-of-custody record shall contain, at a minimum, the following information:  

 Project identification  

 Project identification number 

 Sample number 

 Sample type and description  

 Sample location 

 Time and date of sample collection (military time) 

 Requested analyses 

 Sample information (e.g., no. of bottles, preservatives, etc.) 

 Names and signatures of samplers 

 Signatures of individuals who have had sample custody 

 The name of the carrier and the airbill number, if the sample is shipped 

4.0 PROTOCOL FOR SHIPMENTS  

All pertinent data must be recorded legibly in black or blue ink. Mistakes can only be corrected 
by drawing a single line through the mistake and then initialing and dating the correction.  
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Listed below are the information needed in each section of the chain-of-custody record:  

 The PROJ. NO. section of the form will always contain the site Project Control System 
(PCS) number.  

 The PROJECT NAME section of the form will contain the Site name only if the samples 
are being analyzed by the EPA Region III Laboratory, otherwise it will contain the START 
Analytical Technical Directive Document (TDD) number or the DAS project number. 

 The SAMPLERS (Signature) section should contain the printed name and signature of 
samplers. 

 The TIME section should be in military time. 

 The LOCATION section should give a description of the sample location (note: never put 
resident’s names or full addresses in this section). 

 The diagonal lines on the top of the form should contain the analyses to be performed 
for each sample. An X should be placed in the block beneath the analyses to be 
performed for each sample. 

 The airbill number and shipper should be identified in the REMARKS section at the 
bottom of the form. 

Every time the samples are relinquished to a different individual the current sample custodian 
is required to relinquish the custody to the new individual.  

5.0 SAMPLE LABELS AND CUSTODY SEALS  

In addition to chain-of-custody forms, sample labels and custody seals are needed to ensure 
sample custody has been maintained. Sample labels should contain the same information 
contained on the chain-of-custody record to ensure the proper analyses are being performed 
on the samples. Custody seals ensure that the samples have not been tampered with during 
sample shipment. Below is a description of the information needed for the labels and custody 
seals.  

5.1 Sample Labels  

The following information will be recorded on the sample labels affixed to each container:  

 Project identification number 

 Sample number 

 Time and date of sample collection 

 Sample type (composite/grab) 
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 Sample location 

 Analyses requested 

 Preservatives used  

5.2 Custody Seals  

Custody seals confirm that samples have not been tampered with. The individual who has 
custody of the samples will sign, date, and affix the seals to the cooler or shipping box which 
contains the samples so that it cannot be opened without breaking the seal. A wide clear tape 
will be placed over the seals to ensure that the seals are not accidentally broken during 
transportation.  

6.0 REFERENCES  

American Standards for Testing and Materials (ASTM). 1993. Standard Practices for Sampling 
Chain-of-custody Procedures. Designation D 4840-88 (Reapproved 1993). Philadelphia, PA. 
May. (Replaced with ASTM D4840 - 99(2010) Standard Guide for Sampling Chain-of-Custody 
Procedures) 
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ATTACHMENT 1: CHAIN-OF-CUSTODY RECORD  
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1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) team members with a step-by-step guide for photographic and video 
documentation. Photographs/videos should be used to document field activities including initial 
site conditions during assessments and emergencies prior to, during and after removal and 
remedial actions, during enforcement actions, and at special events and outreach programs.  

2.0 PHOTOGRAPHIC AND VIDEO DOCUMENTATION  

2.1 Photographs  

Unless specifically requested otherwise, WESTON will document all site, sampling and special 
events using digital photographs.  

Date and time should be accurately set for all digital cameras to document the date of the 
photography. Descriptions of the photograph subject, date, time, site name and location should 
be documented in the site logbook for all photographs. This information can also be 
documented in the digital camera or other electronic data collection device; however, written 
logbook descriptions should be maintained.  

2.2 Video  

If requested WESTON team members will document site activities using hand-held digital video 
cameras. Film video will only be taken if specifically requested, and such documentation, as 
well as High-definition digital video or other specialized video services, may require 
subcontractor support.  

Date and time should be accurately set for all digital video cameras to document the date of the 
video. Descriptions of the video subject, date, time, site name and location should be 
documented in the site logbook for all video. This information can also be documented in the 
digital camera or other electronic data collection device; however, written logbook descriptions 
should be maintained. 

3.0 SPECIFIC PROTOCOL  

Adhere to the following protocol for both photographic and video documentation:  

 Enter description of filming activities in the site logbook documenting type of camera, 
time (military time) and date, filming individual, and orientation angle of the viewing 
angle.  
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 Print the site name, the project number, and coverage dates on each storage media that 
has been used.  

 Prepare a photographic log and label all photographs with the following information: 
the project number, site name, site location, date and time, description of photograph, 
orientation, and photographer.  

 Store all storage media (SandDisk [SD] or other memory card, MicroSD, Digital tape, 
Universal Serial Bus [USB] flash drive, site negatives, original videos or other media) in 
the official site file.  

 Be objective for all photographs/video. Ensure the purpose of the photograph is entered 
into the site log (e.g., documenting labels for enforcement, or condition of neighboring 
properties prior to the initiation of a removal action, or documenting an exposure 
pathway).  

4.0 REFERENCES  

NEIC Policies and Procedures. EPA-330/9-78-001-R, May 1978 (Revised 1983) 
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ATTACHMENT A: EXAMPLE PHOTOGRAPHIC DOCUMENTATION LOG 
 

  



  P H O T O G R A P H I C  D O C U M E N T A T I O N  L O G  

 

Client:  Prepared by: Weston Solutions, Inc. 

Site Name: Site Photographer(s): C. Body; D. Person 

Location: Somewhere, PA TDD Number: WS01-10-07-002 

Phase:  Creek Reconstruction  Date: May 30, 2014 

 

SOP104 - 4 

Date: 9/9/2011 

Time: 09:00 

Orientation: SW 

Description: Damage assessment of 

after Tropical Storm Lee. 

 

 

 

 

 

Date: 9/14/2011 

Time: 13:50 

Orientation: E 

Description: Collection and staging of 

flood debris for disposal. 
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1.0 SCOPE AND APPLICATION  

This Standard Operating Procedure (SOP) is applicable to the collection of representative 
liquid samples from streams, rivers, lakes, ponds, lagoons, and surface impoundments.  It 
includes samples collected from depth, as well as samples collected from the surface.  

2.0 METHOD SUMMARY  

Sampling situations vary widely and therefore no universal sampling procedure can be 
recommended.  

However, sampling of liquids from the above mentioned sources is generally accomplished 
through the use of one of the following samplers or sampling techniques:  

 Kemmerer bottle  

 Van dorn sampler 

 bacon bomb sampler 

 dip sampler 

 direct method  

These sampling techniques will allow for the collection of representative samples from the 
majority of surface waters and impoundments encountered.  

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE  

Once samples have been collected, follow these procedures:  

1 Transfer the sample(s) into suitable labeled sample containers.  
2 Preserve the sample if appropriate, or use pre-preserved sample bottles.  
3 Cap the container, put it in a resealable plastic bag and place it on ice in a cooler.  
4 Record all pertinent data in the site logbook and on a field data sheet.  
5 Complete the chain-of-custody form.  
6 Attach custody seals to the cooler prior to shipment.  
7 Decontaminate all sampling equipment prior to the collection of additional samples.  

 4.0 INTERFERENCES AND POTENTIAL PROBLEMS  

There are two primary interferences or potential problems with surface water sampling. These 
include cross-contamination of samples and improper sample collection.  

 Cross-contamination problems can be eliminated or minimized through the use of 
dedicated sampling equipment.  If this is not possible or practical, then decontamination 
of sampling equipment is necessary.  
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 Improper sample collection can involve using contaminated equipment, disturbance of 
the stream or impoundment substrate, and sampling in an obviously disturbed area.  

Following proper decontamination procedures and minimizing disturbance of the sample site 
will eliminate these problems. 

5.0 EQUIPMENT/APPARATUS  

Equipment needed for collection of surface water samples includes:  

 Kemmerer bottles 

 Van Dorn sampler  

 Bacon bomb sampler  

 Dip sampler  

 Line and messengers  

 Sample bottles and preservatives 

 pH paper  

 Resealable plastic bags  

 Ice for sample preservation 

 Coolers 

 Ball-point pen, permanent marker, grease pencil, marking spray paint   

 Chain of custody forms, EPA custody seals, field data sheets 

 Sample bottle labels/tags  

 Decontamination equipment (brushes, buckets, garden sprayer, alconox or liquinox, 
water, etc.) 

 Paper towels  

 Plastic sheeting 

 Map/plot plan/sketches  

 Personal protective equipment and monitoring equipment (as specified in the Health 
and Safety Plan) 

 Field data measurement equipment as specified in the FSP (such as YSI)  

 Compass  

 Tape measure (up to 300 ft) 

 Survey stakes, flags, or buoys and anchors 

 Global positioning system (GPS) unit with sub-meter accuracy or better 

 Digital camera with adequate storage media 

 Logbook/waterproof pen and field data sheets 

 Plastic garbage bags 

 Scissors 
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 Nitrile or latex sample gloves  

 Shipping documents (Federal Express forms/shipping labels/etc.) 

 Strapping/packing tape  

6.0 REAGENTS  

Reagents will be utilized for preservation of samples and for decontamination of sampling 
equipment.  The preservatives required are specified by the analysis to be performed.  
Decontamination solutions are specified in SOP No. 301, Decontamination Procedures.  

7.0 PROCEDURES  

7.1 Preparation  

 Determine the extent of the sampling effort, the sampling methods to be employed, 
and which equipment and supplies are needed.  

 Obtain necessary sampling and monitoring equipment.  

 Decontaminate or pre-clean equipment, and ensure that it is in working order.  

 Prepare scheduling and coordinate with staff, clients, and regulatory agency, if 
appropriate.  

 Perform a general site survey prior to site entry in accordance with the site specific 
health and safety plan.  

 Use stakes, flags, or buoys to identify and mark all sampling locations. If required, the 
proposed locations may be adjusted based on site access, property boundaries, and 
surface obstructions.  

7.2 Sampling Considerations  

7.2.1 Representative Samples  

In order to collect a representative sample, the hydrology and morphometrics (e.g., 
measurements of volume, depth, etc.) of a stream or impoundment should be determined prior 
to sampling.  This will aid in determining the presence of phases or layers in lagoons or 
impoundments, flow patterns in streams, and appropriate sample locations and depths.  

Water quality data should be collected in impoundments to determine if stratification is 
present. Measurements of dissolved oxygen, pH, and temperature can indicate if strata exist 
that would affect analytical results. Measurements should be collected at one-meter intervals 
from the substrate to the surface using an appropriate instrument, such as a YSI (or equivalent).  
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Water quality measurements such as dissolved oxygen, pH, temperature, conductivity, and 
oxidation-reduction potential can assist in the interpretation of analytical data and the 
selection of sampling sites and depths anytime surface water samples are collected.  

Generally, the deciding factors in the selection of a sampling device for sampling liquids in 
streams, rivers, lakes, ponds, lagoons, and surface impoundments are:  

 Will the sample be collected from the shore or from a boat on the impoundment?  

 What is the desired depth at which the sample is to be collected?  

 What is the overall depth and flow direction/flow rate of river or stream?  

7.2.2 Sampler Composition  

The appropriate sampling device must be of a proper composition.  Samplers constructed of 
glass, stainless steel, polyvinyl chloride (PVC) or Polytetrafluoroethylene (PFTE such as Teflon®) 
should be used based upon the analyses to be performed.  

7.3 Sample Collection  

Photograph sample locations with landmarks in view.  Keep in mind that sample locations may 
need to be referenced in the future, often years after your sampling event.  

7.3.1 Kemmerer Bottle  

Kemmerer bottle may be used in most situations where site access is from a boat or structure 
such as a bridge or pier, and where samples at depth are required. Sampling procedures are as 
follows:  

1. Using a properly decontaminated Kemmerer bottle, set the sampling device so that the 
sampling end pieces are pulled away from the sampling tube, allowing the substance to 
be sampled to pass through the tube.  

2. Lower the pre-set sampling device to the predetermined depth.  Avoid bottom 
disturbance.  

3. When the Kemmerer bottle is at the required depth, send down the messenger, closing 
the sampling device.  

4. Retrieve the sampler and discharge the first 10 to 20 mL to clear any potential 
contamination on the valve.  Transfer the sample to the appropriate sample container.  
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7.3.2 Van Dorn Sampler 

A Van Dorn sampler is used to collect surface water from a very specific sampling depth or from 
a shallow water body. Since the sampler is suspended horizontally, the depth interval sampled 
is the diameter of the sampling tube. The sampling procedure is as follows: 

1. Use a properly decontaminated Van Dorn sampler. Set the device so that the end 
stoppers are pulled away from the body allowing surface water to enter the tube. 

2. Lower the pre-set sampling device to the predetermined depth. Avoid disturbance of 
the bottom. 

3. When the Van Dorn is at the required depth, send the weighted messenger down the 
suspension line, closing the sampling device. 

4. Retrieve the sampler and discharge the first 10-20 milliliters (mL) from the drain to clear 
potential contamination from the valve. This procedure may be repeated if additional 
sample volume is needed to fulfill analytical requirements. Subsequent grabs may be 
composited or transferred directly to appropriate sample containers. 

7.3.3 Bacon Bomb Sampler  

A bacon bomb sampler may be used in similar situations to those outlined for the Kemmerer 
bottle.  Sampling procedures are as follows:  

1. Lower the bacon bomb sampler carefully to the desired depth, allowing the line for the 
trigger to remain slack at all times.  When the desired depth is reached, pull the trigger 
line until taut.  

2. Release the trigger line and retrieve the sampler.  

3. Transfer the sample to the appropriate sample container by pulling the trigger.  

7.3.4 Dip or Swing Sampler  

A dip sampler and/or a swing sampler are useful for situations where a sample is to be 
recovered from an outfall pipe or along a lagoon bank where direct access is limited.  The long 
handle on such a device allows access from a discrete location.  Sampling procedures are as 
follows:  

1. Assemble the device in accordance with the manufacturer's instructions.  
2. Extend the device to the sample location and collect the sample.  
3. Retrieve the sampler and transfer the sample to the appropriate sample container.  
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7.3.5 Direct Method  

For streams, rivers, lakes and other surface waters, the direct method may be utilized to collect 
water samples from the surface.  This method is not to be used for sampling lagoons or other 
impoundments where contact with contaminants are a concern.  

Using adequate protective clothing, access the sampling station by appropriate means.  For 
shallow stream stations, collect the sample under the water surface, pointing the sample 
container upstream.  The container must be upstream of the collector. Avoid disturbing the 
substrate. For lakes and other impoundments, collect the sample under the water surface 
avoiding surface debris and the boat wake.  

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.  

8.0 QUALITY ASSURANCE/QUALITY CONTROL  

The following general QA/QC procedures apply:  

 Field QA/QC samples (e.g., field blanks, equipment rinsate blanks, trip blanks, duplicate 
samples, MS/MSD, etc.) must be collected in accordance with the FSP and QAPP 

 All data must be documented in site logbooks.  

 All sample locations should be recorded using a GPS unit. 

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

9.0 HEALTH AND SAFETY  

When working with potentially hazardous materials, follow U.S. EPA, OSHA and specific health 
and safety procedures.  

More specifically, when sampling lagoons or surface impoundments containing known or 
suspected hazardous substances, take adequate precautions. The sampling team member 
collecting the sample should not get too close to the edge of the impoundment, where bank 
failure may cause him or her to lose their balance.  The person performing the sampling should 
be on a lifeline and be wearing adequate protective equipment, including a Type II PFD. 
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Sampling over and around water can be dangerous, be sure to follow all HAS procedures and 
have an approved HASP.  Whenever boats are to be used to collect samples, a Float Plan must 
be prepared and included as part of the approved HASP.  When working around and over cold 
water, appropriate survival suits are required (such as Mustang suits), as specified in the 
approved HASP. 

10.0 REFERENCE  

EPA. 1991.  Compendium of Emergency Response Team (ERT) Surface Water and Sediment 
Sampling Procedures.  Office of Solid Waste and Emergency Response, Washington, DC.  
EPA/540/P-91/005.  
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ATTACHMENT 1: FIGURES  
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Figure 1: Kemmerer Bottle  
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Figure 2: Van Dorn Sampler 
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Figure 3: Bacon Bomb Sampler 
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Figure 4: Dip Sampler 
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1.0 PURPOSE  

To provide guidance for the decontamination of equipment used to sample, install sample 
points (monitor wells, soil borings and test pits), and make field measurements. This operating 
practice is not intended to be site specific or equipment specific, but to provide guidance in 
place of non-existent state or federal guidelines or in cases where the site-specific work plan or 
Field Sampling Plan does not provide additional detail on decontamination procedures.  

2.0 DISCUSSION  

2.1 Introduction  

The objective of decontamination procedures is to provide clean equipment for the retrieval of 
representative environmental samples. Decontamination procedures differ depending on the 
nature of the equipment used. The three categories of decontamination procedures are 
discussed below:  

 Intrusive equipment used to install sample points including drilling (tools, augers, rods, 
etc.) and excavation equipment (backhoes, excavators, etc.).  

 Equipment used to measure the characteristics of the media to be sampled including 
water level, pH, specific conductivity, and temperature probes. This category also 
includes pumps to purge water.  

 Equipment that has contact with the sample to be submitted for laboratory analysis 
including bailer, split-spoons, hand auger, stainless steel bowls and scoops.  

Because items from the first two categories do not contact the sample media that is sent to a 
laboratory for analysis, the decontamination procedures are less stringent. Dedicated and 
disposable equipment will be used whenever feasible to limit decontamination and the 
possibility of cross-contamination. This includes rope, tubing, filterware and, in some cases, soil 
scoops, pans, and bailers.  

3.0 PROCEDURES  

3.1 Intrusive Equipment  

Drilling tools, including augers, rods, drill bits, hand tools, etc. will be steam cleaned prior to use 
and after each location. Split spoons will also be steam cleaned if not used for sample 
collection. Backhoe buckets and arms will also be steam cleaned prior to use and between each 
sample location.  
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3.2 Field Measurement Equipment  

Water level probes will be cleaned using the following procedures:  

 Wipe the probe with a paper towel.  

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water wash.  

 Deionized water rinse.  

Other measurement equipment should be rinsed with deionized water between readings.  
Pumps used for well purging shall be decontaminated using the following procedures:  

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water scrub 
and pump through.  

 Potable water rinse and pump through. 

Rope and tubing used with the pump will be made of polyethylene and be dedicated (and 
disposable) to one sample location. 

3.3 Sampling Equipment 

Equipment used for sample collection include but are not limited to:  

 Teflon bailers 

 Stainless steel scoops and bowls  

 Hand augers 

 Split spoons 

This equipment will be cleaned using the following procedures: 

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water scrub. 

 Thorough potable water rinse. 

 Deionized water rinse. 

 Specialized decontamination fluid rinse, if necessary for the type of sampling and level 
of analyses. 

 Deionized water rinse, if a specialized decontamination fluid rinse is used. 

 Total air dry (only if sample is to be analyzed for organics). 

Sampling instruments should be wrapped in aluminum foil after decontamination to keep clean 
before sampling. Note that this may be eliminated if low level metals analyses are being 
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conducted and aluminum is a potential contaminant of concern. Also note that aluminum foil 
should not be used if sampling for Perfluorinated Compounds. 

4.0 DOCUMENTATION  

Decontamination efforts should be documented in the field logbook.  Decontamination fluids 
should be disposed of properly. Depending on site conditions, it may be appropriate to contain 
spent decontamination fluids. In that case, the appropriate vessel (i.e., drum) should be used 
depending on the ultimate disposition of the material. See SOP 019 Investigative Derived Waste 
Compliance Plan for more detailed information on handling and disposal of these wastes. 

5.0 INTERPRETATION  

If there are questions on the interpretation or applicability of items in this operating practice, 
the Project Manager, Technical Manager or Quality Manger should be consulted.  

6.0 REFERENCES  

New Jersey Department of Environmental Protection and energy Field Sampling Procedures 
Manual, May 1992. {Updated 2011, See NJDEP website. Specific changes listed} 

"Standard Practice for Decontamination of Field Equipment Used at Non-radioactive Waste 
Sites", ASTM Designation D5088-90. 

http://www.watoxics.org/chemicals-of-concern/perfluorinated-compounds-pfcs
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  SITE VISIT NOTES 
 
 Sampling 

ID 
Sampling Location Activity / Notes Accessibility 

CC-01 Upland Rd. / Incinerator 
Rd. Bridge. 
39.850122, -75.386348 

20 ft. from rail to water.  
Upstream of CSO outfall. 
Creek is non-tidal. Lower 
bottle with rope or other 
means 

Upland road access gated 
from both ends, may need 
to contact police for 
access.  Minimal traffic.   

 

 

CC-01 Location Plan Map 
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CC-01 - Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CC-02 9th and Penn St. Bridge 
39.850709, -75.365530 

23 ft. from rail to water.  
Bridge is located next to 
Chester High School. 

Accessible from 9th Street. 
Can pull vehicle on shoulder.  
Light traffic.     

 

 

CC-02 Location Plan Map 
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CC-02 - Photos
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CC-03 Intersection of Edgmont and 
2nd street. William Penn’s 
Landing Park 
39.845227, -75.360284 

Site is in William Penn’s 
Landing Park.  Sample off of 
Concrete plaza that 
overhangs Chester Creek. 
Tidal influence. Grab 
samples upstream of bridge. 

Can pull vehicle off of 2nd 
Street and walk into park.  
Light traffic.       

 

 

CC-03 Location Plan Map 
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CC-03 – Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-01 Chester Park Drive Bridge 
39.873264, -75.375183 

19 ft. rail to water.  Sample 
upstream of CSO outfall. 
Upstream of CSO-33. Creek 
is non-tidal here. Lower 
bottle with rope or other 
means. 

Can park in lot adjacent to 
Chester Park Drive Bridge.  
Minimal traffic.       

 

 

 

RC-01 Location Plan Map 
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RC-01 – Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-02 Morton Ave. Bridge 
39.863016, -75.348686 

22 ft. rail to water (low tide), 
with 2 ft. water depth.  Site is 
in same area as CSO-18. 

Can park on Sun Drive and 
use sidewalk when sampling 
off of bridge.  Medium traffic.   

 

 

 

RC-02 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-03 4th Street (Harrah’s) Bridge. 
Bridge No. 157 (Chester-
Eddystone Bridge) 
39.853435, -75.346350 

25 ft. rail to water (low tide), 
shallow during low tide.  
Creek is tidal. Lower bottle 
from bridge using a rope or 
other means.  

Can park on shoulder north 
of bridge use sidewalk when 
sampling off of bridge.  
Medium traffic.   

 

 

RC-03 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-02 Front and Booth St. 
39.828334, -75.392570 

SCADA level sensor 
installed.  Concrete dam 
diverts flow to right side MH 
flow to WRTP (has an orifice 
plate).  Overflow over the 
dam will flow to CSO outfall 
at Delaware River.   

Can park at the end of Booth 
St. prior to rail tracks.  
Minimal traffic.  MH cover is 
marked with white dot.  

 

 

CSO-02 Location Plan Map 
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CSO-02 Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-05 Front and Townsend 
39.832598, -75.383958 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
right side MH flow to WRTP.  
Overflow over the dam will 
flow to CSO outfall at 
Delaware River.   

Can park at the end of 
Townsend St.  Minimal 
traffic.  MH cover is marked 
with white dot.  

 

 

 

CSO-05 Location Plan Map 
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CSO-05 Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-18 Hancock St. and Sun Dr. 
39.863501, -75.349203 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
right side MH flow to WRTP.  
Overflow over the dam will 
flow to CSO outfall at Ridley 
Creek.   

Can park at the end of 
Hancock St.  Minimal traffic.  
MH cover is marked with 
white dot.  

 

 

CSO-18 Location Plan Map 
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CSO-18- Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-19 14th and Crozer Hospital 
39.857132, -75.366105 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
interceptor MH flow to 
WRTP.  Overflow over the 
dam will flow to CSO outfall 
at Chester Creek.   

Can park in the cul-de-sac 
off of 14th St.  High traffic.  
MH cover is on lawn area 
marked with white dot.  

 

 

CSO-19 Location Plan Map 
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CSO-19 – Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

SW-05A 7th and Engle Street 
39.838658, -75.387550 

Residential storm water MH.  
MH is clear and on grass 
area off of road.   

Can park on 7th St. shoulder 
and access MH on lawn next 
to traffic light.  Medium 
traffic.  MH cover is on lawn 
area marked with white dot.  

 

 

SW-05A Location Plan Map 
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SW-05A-Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

SW-SS2 105 Townsend Street 
39.832687, -75.384032 

Industrial storm water MH.  
MH is clear and on gravel 
area near CSO-05. 

Can park at the end of 
Townsend St.  Minimal 
traffic.  MH cover is marked 
“storm” with white dot. 
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1.0 BACKGROUND 

Delaware County Regional Water Quality Control Authority (DELCORA) is responsible for the 

collection, transmission, treatment and disposal of approximately 65 million gallons per day 

(MGD) of wastewater generated in southeastern Pennsylvania. DELCORA’s facilities serve 

residential, commercial, institutional, and industrial customers in Delaware County. DELCORA 

owns and operates an extensive system of pump stations, force mains, and sewers that provide 

the core infrastructure for the transmission of wastewater to treatment facilities in Delaware 

County and the City of Philadelphia as shown diagrammatically in Figure 1-1 (DELCORA, 

2017b). The total service area served by DELCORA, as shown on Figure 1-2 (DELCORA, 

2017b), is approximately 82,977 acres which illustrates that DELCORA serves a significant and 

widespread portion of Delaware County. 

The combined sewer area simulated in DELCORA’s existing Hydrologic and Hydraulic model is 

located within the City of Chester and consists of a drainage area of approximately 1,510 acres. 

It comprises approximately half of Chester City’s serviced area. To support the service area, 

DELCORA owns and operates over 129 miles of separate and combined sewers. Included in the 

129 miles of sewers are: 11.7 miles of an interceptor system; 3,209 manholes; and twenty-five 

(25) combined sewer outfall regulators controlling storm overflows. The location of Chester 

City’s service area is illustrated on Figure 1-2 (DELCORA, 2017b). 

Historically, DELCORA has characterized its service areas as “Eastern” and “Western.” The 

Western service area discharges to DELCORA’s Western Regional Treatment Plant (WRTP). 

The Eastern service area discharges to the Philadelphia Water Department’s Southwest Water 

Pollution Control Plant (PWDSWPCP). In 2002, DELCORA completed the installation of a 

force main that connects the Eastern Service Area’s Central Delaware Pump Station (CDPS) to 

the Chester Force Main. This connection allows DELCORA to send flow from the CDPS to the 

WRTP. Flows above 20 MGD are directed to the PWDSWPCP. As such, dry weather flows and 

a portion of the wet weather flows (total flow less than 20 MGD) from the Central Delaware 

County Authority in the Eastern Service Area are discharged to the WRTP. 

There are a total of 26 combined sewer overflow outfalls listed with 25 discharge points (Outfall 

#009 and #010 both discharge at Outfall #009) in DELCORA’s existing National Pollutant 
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Discharge Elimination System (NPDES) Permit. Under its NPDES Permit No. PA0027103, 

issued and administered by the Pennsylvania Department of Environmental Protection (PADEP), 

DELCORA is authorized to discharge from the Western Regional Treatment Plant (Outfall 

#001), four storm water outfalls at the WRTP (028-031) and from 26 combined sewer overflow 

outfalls (#002-#026, #032, #033) that ultimately discharge to the Delaware River, Chester Creek 

and/or Ridley Creek.  

2.0 SAMPLING AND ANALYSIS PLAN OVERVIEW 

The Sampling and Analysis Plan (SAP) is designed to collect data that will be used to develop 

and calibrate watershed and receiving water quality models which will be used to assess water 

quality concerns for the POCs identified in the Identification of Sensitive Areas and Pollutants 

of Concern Report (DELCORA, 2016a). These POCs are fecal coliform, E. coli, and 

Enterococcus. Additional in situ parameters, such as salinity, temperature, and conductivity will 

also be collected to inform the development of the Water Quality Model. 

Water quality monitoring will be undertaken at up to thirteen (13) in-stream locations (seven of 

which are Delaware River sampling locations), four (4) CSO locations in the DELCORA 

combined sewer system area, and two (2) storm water locations in the City of Chester municipal 

separate storm sewer system, as shown in Figure 1. Maps of each sample location are also 

provided in DELCORA, 2017b. Water quality monitoring and sampling will be conducted as 

follows: 

 Eleven (11) in-stream locations in the vicinity of the DELCORA CSO area will be 

sampled for water quality for (3) dry weather events; one of which will be targeted for 

collection during a tributary low-flow period (less than 25th percentile flow). The mid- 

stream and far-shore Delaware River locations will not be sampled during the dry 

weather surveys because it is expected that water quality in the river will be relatively 

uniform laterally due to the lack of active sources during dry weather. These dry 

weather events would preferably be distributed across the sampling season, which is 

assumed to be March through June of 2017. Grab samples and in situ measurements will 

be collected at each location during each event. 

 Thirteen (13) in-stream locations will be sampled for water quality using grab 

samples and in situ monitoring for three (3) discrete wet weather events, according to the 

surface water quality monitoring program protocols described in this SAP; 
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 Up to four (4) CSO and two (2) stormwater outfall locations will be sampled for water 

quality for the same three (3) discrete wet weather events according to the outfall 

monitoring program protocols described in this SAP. Samples for all outfalls will be 

collected as grab samples. 

 Standard operating procedures (SOPs) referenced in the following sections of this SAP. 

The sampling events are planned to be distributed across the sampling season, which is assumed 

to be March through June 2017. Additionally, bathymetry surveys in the lower portion of the 

tributaries may be required to inform the development of the Water Quality Model, pending 

delivery of HEC models with transect information for these portions of the receiving waters. 

2.1 SAMPLE LOCATIONS 

Monitoring locations have been selected to characterize the watershed at a sub-watershed level, 

recognizing various political and hydrologic features, land uses and potential pollutant sources. 

Site selection and analytical parameters are designed to characterize stormwater outfalls, CSOs, 

tributaries upstream and within the Chester CSO discharge area, and the main stem of the 

Delaware River in the project area. The sampling locations are shown in Figure 1 and listed in 

Table 1, Table 2, and Table 3. 

The tables include summaries of the rationales for each sampling location selected. The Chester 

Creek and Ridley Creek locations were selected to distinguish, to the extent possible, between 

upstream, stormwater and Chester CSO pollutant loads. The Delaware River sampling locations 

will provide a characterization of water quality entering the Chester CSO area from either tidal 

direction as well as water quality within the CSO discharge area. During wet weather, three 

samples will be collected across the transect corresponding to the DR-04 sampling location 

during each sampling round, when sampling across the river is feasible, to characterize lateral 

variability in the Delaware River during storm events. Delaware River conditions may be too 

hazardous for safe collection of one or more samples and/or sampling rounds (e.g. during periods 

of heavy barge traffic, small craft advisories, lightning, etc.). When these conditions occur, 

sampling will not be conducted in the river for safety reasons. 

The CSO sampling locations were selected based on their outfall discharge location, relatively 

high frequency of overflow, their overflow volume, and their accessibility. The stormwater 
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sampling locations were selected to characterize the water quality associated with the 

predominant land uses (residential and commercial/industrial) in the study area. Each stormwater 

sampling location is in an area that is representative of the land use elsewhere in the City’s 

stormwater area. 
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Figure 1: Proposed Receiving Water (RW), Combined Sewer (CSO), and Stormwater (SW) Monitoring Locations  
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Table 1: Tributary Receiving Water Sampling Locations 

Station ID Sampling Location Receiving Water Type Activity/Notes Accessibility 

CC-01 
Upland Rd. / Incinerator Rd. 

Bridge. 
39.850122, -75.386348 

Chester Creek Tributary 
20 ft. from rail to water. Upstream of 
CSO outfall. Creek is non-tidal.  

Upland road access gated from both ends, may need 
to contact police for access or walk in from gate. 
Minimal traffic. 

CC-02 
9th St Bridge 
(54 W 9th St) 

39.850709, -75.365530 
Chester Creek Tributary 

23 ft. from rail to water. Bridge is 
located next to Chester High School. 

Accessible from 9th Street. Can pull vehicle on 
shoulder or pull into school. Light traffic. 

CC-03 

Intersection of Edgmont and 2nd 
street. William Penn’s Landing 

Park  
(126 E 2nd St) 

39.845227, -75.360284 

Chester Creek Tributary 

Site is in William Penn’s Landing Park. 
Sample off of Concrete plaza that 
overhangs Chester Creek. Tidal 
influence. Grab samples upstream of 
bridge. 

Can pull vehicle off of 2nd Street and walk into 
park. Light traffic. 

RC-01 
Chester Park Drive Bridge 
(298 East Elkington Blvd) 
39.873264, -75.375183 

Ridley Creek Tributary 
19 ft. rail to water. Sample upstream 
of CSO outfall. Upstream of CSO-33. 
Creek is non-tidal here. 

Can park in lot adjacent to Chester Park Drive 
Bridge. Minimal traffic. 

RC-02 
Morton Ave. Bridge 
(1300 Sun Drive) 

39.863016, -75.348686 
Ridley Creek Tributary 

22 ft. rail to water (low tide), with 2 ft. 
water depth. Site is in same area as 
CSO-18. 

Can park on Sun Drive and use sidewalk when 
sampling off of bridge. Medium traffic. 

RC-03 

4th Street (Harrah’s) Bridge. 
Bridge No. 157 (Chester- 

Eddystone Bridge) 
(1050 East 4th St Eddystone) 

39.853435, -75.346350 

Ridley Creek Tributary 

25 ft. rail to water (low tide) shallow 
during low tide. Creek is tidal. Lower 
bottle from bridge using a rope or other 
means. 

Can park on shoulder north of bridge use sidewalk 
when sampling off of bridge. Medium traffic. 
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Table 2: Main Stream Receiving Water Sampling Locations 

 

Station ID Longitude Latitude Receiving Water Type Description Rationale 

DR-01 39.85282 -75.3299 Delaware River Main stem 
Delaware River between Ridley 
Creek and Crum Creek 

“Upstream” of DELCORA’s CSO 
discharges1 

DR-02 39.84715 -75.3462 Delaware River Main stem 
Delaware River between CSO-14 
and Ridley Creek 

Characterize Ridley Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-03 39.8398 -75.3606 Delaware River Main stem 
Delaware River between CSO-11 
and Chester Creek 

Characterize Chester Creek impacts on 
Delaware River, in the upper Delaware 
River (Secondary contact area) 

DR-04 39.83132 -75.3766 Delaware River Main stem 
Delaware River at the boat launch 
off Highway 322 

Priority area, in the lower Delaware 
River (Primary contact area) 

DR-05 39.82182 -75.3917 Delaware River Main stem 
Delaware River between CSO- 002 
and Stoney Creek 

“Downstream” of DELCORA’s CSO 
discharges1, in the Atlantic sturgeon 
sensitive area 

DR-062 39.82636 -75.371 Delaware River Main stem 
Delaware River mid-stream along 
the transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

DR-072 39.82203 -75.3665 Delaware River Main stem 
Delaware River far shore (left 
descending bank) along the 
transect of DR-04 

Characterize lateral variability in the 
Delaware River during storm events 

Notes: 
1 “Upstream” and “downstream” subject to tidal conditions at time of sampling 
2 These locations will be sampled during the wet weather events only, when river conditions permit. POC concentrations are assumed to be laterally well-mixed 
during dry weather due to the absence of significant pollutant sources. 
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Table 3: CSO and Stormwater Sampling Locations 

 

Station ID 
Sampling 
Location 

Receiving 
Water 

Type Activity/Notes Accessibility 

CSO-02 

Front and Booth St 

(100 Booth St) 

39.828334, -75.392570 

Delaware River CSO 

SCADA level sensor installed. Concrete 
dam diverts flow to right side MH flow to 
WRTP (has an orifice plate). Overflow over 
the dam will flow to CSO outfall at Delaware 
River. 

Can park at the end of Booth St. prior to rail 
tracks. Minimal traffic. MH cover is marked 
with white dot. 

CSO-05 
Front and Townsend 
(101 Townsend St) 

39.832598, -75.383958 
Delaware River CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to right 
side MH flow to WRTP. Overflow over the 
dam will flow to CSO outfall at Delaware 
River. 

Can park at the end of Townsend St. Minimal 
traffic. MH cover is marked with white dot. 

CSO-18 

Hancock St. and Sun Dr. 

(1310 Sun Dr) 

39.863501, -75.349203 

Ridley Creek CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to right 
side MH flow to WRTP. Overflow over the 
dam will flow to CSO outfall at Ridley Creek. 

Can park at the end of Hancock St. Minimal 
traffic. MH cover is marked with white dot. 

CSO-19 
14th and Crozer Hospital 
(1 Medical Center Blvd) 
39.857132, -75.366105 

Chester Creek CSO 

SCADA level sensor and Hach flow meter 
installed. Concrete dam diverts flow to 
interceptor MH flow to WRTP. Overflow over 
the dam will flow to CSO outfall at Chester 
Creek. 

Can park in the cul-de-sac off of 14th St. High 
traffic. MH cover is on lawn area marked with 
white dot. 

SW-SS2 
105 Townsend St 

39.832853, -75.384193 
Delaware River SW 

Industrial storm water MH. MH is clear and 
on gravel area near CSO-05. 

Can park at the end of Townsend St. Minimal 
traffic. MH cover is marked “storm” with white 
dot. 

SW-05A 
7th and Engle Street 

(by tennis courts) 
39.838501, -75.387708 

Chester Creek SW 
Residential storm water MH. MH is clear 
and on grass area off of road. 

Can park on 7th St. shoulder and access MH 
on lawn next to traffic light. Medium traffic. MH 
cover is on lawn area marked with white dot. 
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2.2 SAMPLING SCHEDULE 

 DRY WEATHER SAMPLING 

Collection of water quality samples will be performed for three (3) dry weather events; with one 

dry weather sampling event planned to be collected during a low-flow period (less than 25th 

percentile flow) in Chester Creek and Ridley Creek (if possible). Two rounds of sampling will be 

conducted for each dry weather survey: one round to be completed during ebb (outgoing) tide and 

the second round to be completed during flood (incoming) tide. 

Dry weather event samples will be taken at up to eleven (11) locations: 

 Three (3) locations on Chester Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to DELCORA’s 

CSO discharges and the area adjacent to the City of Chester outside the combined sewer 

service area. Additionally, because DELCORA’s CSO discharges are within the tidal 

extent of the Delaware Bay, the downstream sampling locations will also reflect these tidal 

influences on water quality. 

 Three (3) locations on Ridley Creek that will characterize water quality upstream of 

DELCORA’s service area as well as in the portion of the creek adjacent to DELCORA’s 

CSO discharges and the area adjacent to the City of Chester outside the combined sewer 

service area. Additionally, because DELCORA’s CSO discharges are within the tidal 

extent of the Delaware Bay, the downstream sampling locations will also reflect these tidal 

influences on water quality. 

 Five (5) locations on the Delaware River that will characterize water quality in the 

vicinity of DELCORA’s CSO discharges. Sampling locations have been selected to 

separate to the extent possible the effect of DELCORA’s CSOs on water quality from other 

sources contributing pollutants to the waterways. Sampling will be conducted near the 

shoreline adjacent to the City of Chester. 

The locations of these stations are shown in Figure 1. Details for these stations are provided in 

Table 1, Table 2, and Table 3. The set of parameters for which the samples will be analyzed is 

provided in Table 5. In-situ measurements of physical parameters, such as salinity, temperature, 

and conductivity will be collected at each sampling location with a sonde. In the Delaware River, 

in situ measurements will be made at three depths at each sampling location during each round of 

sampling. 
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 WET WEATHER SAMPLING 

Collection of water quality samples will be performed for three (3) wet weather events. The 

purpose of the wet weather sampling is to characterize the impact of CSO discharges and non- 

CSO source runoff on in-stream water quality. The wet weather events will span a range of 

precipitation, flow and seasonal conditions. Wet weather event samples will be taken at all 13 in-

stream locations as well as at up to six source locations in the intervals described below: 

 Six (6) In-Stream Tributary Sampling Locations: Three (3) locations will be on Chester 

Creek and three (3) locations on Ridley Creek. The locations will be the same locations 

used for the dry weather surveys. Tributary locations will be sampled up to five times per 

event at the following approximate intervals: Hour 0.5-2.5, Hour 4.5-6.5, Hour 8.5-10.5, 

Hour 14.5-16.5, and Hour 22-24. Sampling intervals will be defined by the start of rainfall 

rather than CSO or SSO activation. A total of 30 samples will be collected during each wet 

weather sampling event from in-stream locations. One field blank and one field duplicate 

will be collected during each event to be used as field quality control (QC). 

 Up to Seven (7) In-Stream Delaware River Locations: Up to seven locations will be on 

the Delaware River and will be sampled up to ten times per event at the following 

approximate intervals: Hour 0, Hour 2, Hour 4, Hour 6, Hour 9, Hour 12, Hour 15, Hour 

18, Hour 21, and Hour 24. Sampling intervals will be defined by the start of rainfall rather 

than CSO or SSO activation. The frequency of sampling is intended to capture in-stream 

impacts in the vicinity of DELCORA’s service area from both DELCORA’s CSOs as well 

as upstream sources. Two additional locations on the Delaware River, one at mid-stream 

and one near the far shore, have been added to characterize lateral variability in water 

quality during storm event conditions, when sampling across the river is feasible. The 

sampling regimen is also designed to allow a semi-quantitative mass balance to be 

computed over a complete tidal cycle. A total of 70 samples may be collected during each 

wet weather sampling event. If river conditions are unsafe for sampling (e.g. small craft 

advisories, heavy barge traffic, etc.), sampling may be suspended for one or more locations 

and/or sampling rounds. One field blank and one field duplicate will be collected during 

each event to be used as field QC. Final selection of sampling locations and sampling 

intervals will be determined prior to the start of the sampling program and will be based 

on logistic considerations (e.g. can seven locations be sampled and dropped off to a courier 

within the 3 hour sampling window), safety and accessibility to the Delaware River, and 

available resources. 

 Up to Six (6) Outfall Locations: Sampling will be conducted at up to two (2) stormwater 

outfalls and up to four (4) combined sewer overflow outfalls. The CSO and stormwater 

sampling locations will be finalized prior to the initiation of the sampling program based 

on accessibility of sampling, safety of sampling personnel, equipment risk, and available 

resources. It is assumed that each of the outfall locations will have up to eight sets of 

samples collected for each event at the following intervals: 1st flush, 30 minutes, and 60 

minutes, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours. If a location is not flowing, no 

sample will be collected. As many as 48 samples may be collected during each wet weather 

sampling event, depending on the number of monitored outfalls and if all monitored 



Delaware County Regional Water Quality Control Authority 

  Sampling Analysis Plan 

Page 11 

outfalls discharge for 24 hours. However, the actual number of samples is likely to be less 

than the amount indicated since it is unlikely that all of the monitored outfalls will 

discharge for the full 24 hour monitoring period. One field blank and one field duplicate 

will be collected during each event to be used as field QC. 

The locations of these stations are shown in Figure 1. Details for these stations are provided in 

Table 1, Table 2, and Table 3. The set of parameters for which the samples will be analyzed are 

summarized in Table 5. In-situ measurements will not be collected at the outfall locations. 

Sampling crews will conduct all wet weather event sampling using the protocols described in the 

Quality Assurance Project Plan (DELCORA, 2017a). Samples will be delivered to the laboratory 

where the samples will be analyzed for the laboratory parameters identified in Table 5. 

Determination to mobilize for a Wet Weather Event will be a collaborative effort between Greeley 

and Hansen, LimnoTech, the field sampling contractor and the laboratory contractor personnel. 

The intent is to identify a 4 to 6 hour window in which a wet weather event may commence 24 

hours in advance to assist in mobilization of the sampling crews. 

2.3 FIELD SAMPLING METHODS AND PROCEDURES 

 RECEIVING WATER AND SOURCE SAMPLE COLLECTION METHODS 

The physical, microbiological and chemical data that will be collected from the waterbodies are 

obtained either through direct (in situ) measurements or through analysis of a water sample. The 

microbiological and chemical data collected from the outfall discharges will be obtained through 

laboratory analysis of the water samples. The general collection procedures for receiving water 

and outfall sampling are as follows: 

1. Clean and decontaminate all sampling equipment prior to and after sample collection 

according to the procedures in the SOP No. 301. 

2. Don appropriate personal protective equipment as required by the Health and Safety Plan 

(HASP). 

3. Collect samples by dipping a container on a pole, into the water. The water is then poured 

into the clean sample containers pre filled with preservative. The collection container will 

then be disposed of. Care should be taken to avoid capturing bottom sediment or surface 

foam/scum during sample collection.  

4. Creek water samples collected from bridges higher than 25 ft above the water surface will 

be collected by bailer, or from a new wide mouth glass jar, connected to new string. The 

water is then poured into the clean sample containers pre filled with preservative. The 
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collection container will then be disposed of. Care should be taken to avoid capturing 

bottom sediment or surface foam/scum during sample collection.  

5. CSO samples will be collected using a “clean hands, dirty hands” technique. In 

accordance with the HASP, atmospheric conditions, such as lower explosive limit, and 

hydrogen sulfide, will be monitored inside the manhole prior to sample collection, or any 

other invasive activity. CSO sample collection from CSO-19 (wet weather only), will be 

screened for radioactivity as there may be the potential for medical treatment waste to be 

present.  

6. Label all sample containers with the date, time, site location, sampling personnel, and other 

requested information. 

7. Record sample collection information on the field logs and then store the samples in a 

cooler with ice as described in the SOP No. 103. 

8. Handle, pack, and ship samples according to the procedures in the SOP No. 103, 

including the completion of a Chain-of-Custody (COC) form for each cooler shipped to 

the laboratory for analyses 

 IN SITU MEASUREMENTS (RECEIVING WATER ONLY) 

Instantaneous water quality measurements (such as salinity, temperature, and conductivity) using 

field instruments will be collected at the receiving water locations as specified in DELCORA, 

2017b. These measurements, along with calibration and maintenance, will be conducted 

following manufacturer’s instructions (YSI, 2009) 

Field instruments will be calibrated before initiating monitoring activities for each event and a 

post-monitoring calibration check will be conducted at the end of the event. All calibration and 

maintenance activities will be documented on the Instrument Calibration Sheet. The field 

instrument calibration must be conducted in accordance with the manufactures instructions. 

Salinity, temperature, and conductivity will be measured at all in-stream sampling locations using 

a YSI 6920 or similar instrument during both wet and dry sampling events, prior to sample 

collection. Measurements will be made mid-channel at mid-depth in the tributaries, whenever 

possible. In the Delaware River, measurements will be made at the surface, mid-depth and near 

the bottom, whenever possible. Measurements will be documented in the field logs. 

Documentation will include: date/time, location, type of measurement, personnel, equipment 

identification, and general site observations (e.g. weather, stream conditions). 
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 SAMPLING EQUIPMENT 

The sampling equipment required for the DELCORA monitoring program is included in Table 4. 

Table 4: Sampling Equipment list 

Sampling Activity Required Equipment 

General Equipment 
(Required for all sampling 
activities) 

Field log book with weather- 
proof paper and pen 
(“Rite- in-the-Rain”) or 
field data sheets 

Pens/pencils and Maps 
Sample bottles and labels 
Swing sampler/dipper 
Chain-of-custody  
Zip lock bag 
Coolers with ice 
Amber glass bottles 
Bailer twine 
Intrinsically safe headlamps 
Intrinsically safe flashlight 
Extra batteries 
Hydrolab/YSI multi-parameter  
First Aid Kit and BBP Kit 

12” Nitrile gloves 
Hand spray bottles with Liquinox solution 
Scrub brush and bucket 
Distilled water (10 gallons)  
Sun screen 
PPE as specified in HASP 
Phone Emergency Contact List 
Field Safety Instruction 
Eye Wash 
Cell phone 
Calibration materials and solutions/gases 
Sonde and instrument (sonde) calibration sheet 
Sonde instrument manual 
Sonde service kit 
Extra batteries for instruments (sondes) 
 

Wet Weather In-Stream 
Sampling 

General Equipment 
Rain Gear 
Submersible Marine Radio 
16’ Jon Boat with motor 
Tide Charts and Navigation Charts 
Float Plan 
Depth Finder 
Boat Gear (Personal and throwable PFD’s, whistle, oars, anchor, line, nav lights, bailer, air 
horn) 
Mustang Suits 
 

Wet Weather CSO & 
Outfall Sampling 

General Equipment 
Rain Gear 
RAD meter with pancake probe 
Multi RAE for LEL and H2S screening 
 

Dry Weather Sampling General Equipment 
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2.4 SAMPLE IDENTIFICATION 

Sample packaging and shipping procedures are designed to ensure that the samples and the 

chain- of-custody forms will arrive at the laboratory intact and together. 

1. All samples collected will be labeled in a clear and precise way for proper identification in 

the field and for tracking in the laboratory. The laboratory will pre-label each bottle with 

all information except for the date and time of sample collection using the method 

described below. The person collecting the sample will complete the label with date and 

time. No bottle sets will be distributed without the pre-labeling unless specifically agreed 

upon among Greeley and Hansen, LimnoTech, the field sampling and laboratory 

contractors prior to the sampling event. 

Use indelible waterproof marking pen and include: 

 Sample identification code (ID)– will include: 

- Site designation number - sampling round number, as follows: 

__  __  -  __  __  __  -  __  -  __ 

1 2 3 4 5 6 7 

Where, 

Characters 1-5:  Sample Site ID (column 1 in Table 1, Table 2 and Table 3) 

Character 6:  Sampling round number 

Character 7:  B - Blank sample qualifier (if required) 

- Duplicate samples will be labeled with a sample ID of: 

“DUP  __  __  __ - __  __”. 

1 2 3 4 5 

Where 

Characters 1-3: Duplicate ID number (numbers will be assigned to each 

sampling crew) 

Characters 4-6: Designation of RW for receiving water sample duplicate or 

OF for outfall sample duplicate. A blank line will be placed in the location, 

date and time boxes of the sample label so the laboratory does not know 

where the sample was collected. The duplicate number in the duplicate 

sample ID will be assigned in the field and recorded in the field log book. 

- Blank samples will be given a normal sample ID, with a B qualifier at the end 

of the ID. 

 Sample type (water); 

 Analysis required; 

 Date sampled; 
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 Time sampled; 

 Name or initials of person who collected the sample; 

 Mode of collection (composite or grab); 

 Preservation added, if applicable. 

2. Check the caps on the sample containers so that they are tightly sealed. 

3. Cover the label with clear packing tape to secure the label onto the container and prevent 

the label from being illegible if wet. 

4. Store samples in coolers with ice to maintain the samples at <4 degrees Celsius until they 

are received in the laboratory. 

5. Complete the information needed on the field log book and the chain-of-custody, primarily 

sample date and time and any notes regarding deviations from the planned sampling 

protocol (e.g. limited volume precluded collecting the full volume required). 

2.5 SAMPLE MANAGEMENT  

Samples will be properly packaged for transport to the laboratory as summarized below. 

1. Using packaging tape, secure the outside and inside of the drain plug at the bottom of the 

cooler that is used for sample transport. 

2. Place the sealed container upright in the cooler. 

3. Place additional cushioning material around the sides of each sample container as needed. 

4. Place ice on top of sample containers. Do not pack ice so tightly that it may prevent the 

addition of sufficient cushioning material. Ensure that bottle caps will not be submerged in 

water if ice melts. 

5. Fill the remaining space in the cooler with vermiculite or other cushioning material if the 

coolers are being shipped. 

6. Place the chain-of-custody forms in a large Ziploc© type bag and tape the forms to the 

inside of the cooler lid. 

7. Close the cooler lid and fasten with packaging tape. Wrap strapping or packaging tape 

around both ends of the cooler at least twice, if coolers are being shipped. 

All shipments will be accompanied by the chain-of-custody form identifying the contents. It is 

preferred that a separate chain-of-custody form be completed for and placed in each shipping 

container/cooler. The original form will accompany the shipment and copies will be retained by 

the sampler for the project records. 

During the dry weather and wet weather sampling events, representatives from the laboratory will 

be responsible for collecting and delivering the samples to the laboratory quickly enough so that 
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hold times can be achieved for the bacteria parameters (8 hours from the time of sample 

collection). The Field Manager will manage the coordination of field crews and couriers during 

the sampling event. 

 SAMPLE DOCUMENTATION 

 FIELD DATA COLLECTION FORMS 

The field log book will serve as a daily record of events, observations and measurements during 

all field activities. All information pertinent to sampling activities will be recorded in the field logs 

and will include: 

 Names of field crew and specifically the author of the field log 

 Date and time of the sample round beginning and ending 

 Location of sampling activity 

 Date and time of collection 

 Sample identification numbers 

 Field measurements 

Field observations and details related to analysis or integrity of samples (e.g., weather conditions, 

noticeable odors, colors, stream flow description, etc.) 

The field log book may also include: 

 Sampling method 

 Sampling equipment used 

 Number and volume of samples collected 

 Type of sample 

 Summary of any meetings or discussions with the public, state agency, etc. 

 Levels of safety protection 

Field meters will be calibrated daily in accordance with the manufacturer’s recommendations. 

Standards, solutions used, concentrations and readings taken will be recorded daily in Instrument 

Calibration Sheet. 

 SAMPLE CHAIN-OF-CUSTODY FORMS 

A chain-of-custody is a legally-binding record of the date and time periods that samples were in 

the possession (e.g. custody) of the parties indicated. Transfers between parties are documented 

by the custodial party signing over custody to the receiving party and the receiving party signing 
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for receipt of the samples. Completed chain-of-custody forms will be required for all samples to 

be analyzed. 

Chain-of-custody forms will be prepared in advance by the laboratory for each sampling location 

and round of sampling. Chain-of-custody forms will be initiated by the sampling crews in the field 

during the sampling events and must remain with the samples at all times. The samples and signed 

chain-of-custody form will remain in the possession of the sampling crew until samples are either 

delivered to the lab or placed in the custody of the personnel responsible for their delivery to the 

laboratory. 

The chain-of-custody form will contain the sample’s unique identification number, sample date 

and time, sample description, sample type and analyses required. Copies will be made prior to 

shipment for field documentation. The original chain-of-custody form will accompany the samples 

to the laboratory. 

 DATA SUBMITTAL 

Instrument Calibration Sheets and copies of the field log book will be turned over to the 

LimnoTech Water Quality Monitoring Program Task Manager following each monitoring event. 

Following review by the LimnoTech Water Quality Monitoring Program Task Manager, all field 

logs, photographs and chain-of-custody forms will be included in the project database. 

 QUALITY CONTROL 

The purpose of any quality assurance/quality control (QA/QC) program is to ensure that all 

sampling protocols and procedures are followed such that samples are representative of the water 

quality to which they are associated. The monitoring data that will be collected is intended to meet 

the quality assurance objectives described in the QAPP. Data quality will be measured in terms of 

accuracy and precision, completeness, representativeness, comparability, and the required 

detection limits for the analytical methods. Each of these data quality indicators is defined in the 

QAPP. QC samples will be collected in the field to support the assessment of data quality. The 

QA/QC program includes the following elements: 

 Training of all field staff; 

 Field quality control procedures; 
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 QA/QC samples; and, 

 Equipment calibration. 

2.6 DECONTAMINATION AND INVESTIGATION-DERIVED WASTE 

If sampling equipment, such as buckets, etc., are to be reused at more than one location in the field, 

they must be cleaned prior to collecting the next sample. Prior to leaving a site, the equipment 

will be washed with a mild disinfectant solution (1:25 ratio household bleach to tap water), 

followed by a detergent solution (Alconox, or equivalent) wash, and must be rinsed at least three 

(3) times with distilled water. A brush may be used to remove deposits of material or sediment if 

necessary. At the next sampling site, the equipment must be rinsed at least one time at each 

location with creek water prior to sampling. 

Equipment and instruments used for sample collection or monitoring at CSO locations (wet 

weather only) will be wiped down using a disinfectant wipe, followed by a distilled water rinse.  

Decontamination water generated during the sampling events will be collected in 5 gallon 

buckets and disposed of at the DELCORA treatment facility at the end of the sampling shift. 

3.0 ANALYTICAL PARAMETERS AND METHODS 

Samples will be analyzed by Eurofins, in their network of accredited laboratories for fecal 

coliform, E coli, and enterococcus through laboratory analysis by the following methods, or in 

accordance with 40CFR136.  

 Fecal coliform, Membrane Filters Technique for Members of the Fecal Coliform Group, 

Standard Methods 9222-D, 2006, 22nd Edition 

 E. coli, Membrane Filtration Using Modified Membrane- Thermotolerant Escherichia 

coli Agar by EPA 1603 

 Enterococci, EPA Method 1600, Membrane Filter Technique.  

Table 5 summarizes the analytical parameters, the matrices, analyses, analytical methods, 

containers, preservatives, QA/QC samples, and technical holding times for the samples proposed 

for collection during the sampling event. 
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Table 5: Guidelines for Water Sample Container and Preparation and Preservation 

Parameter Sample 
Container 

Sample 
Volume 

Storage 
Requirement 

Preservative Sample 
Holding 
Time 

Analytical 
Method 

Detection 
Limit 

Fecal coliform Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours Standard 
Methods 
9222-D 

10 no./100 ml 

E coli Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours EPA 1603 10 no./100 ml 

Enterococcus Plastic- Sterile 250 ml Place on ice, or 
refrigerate to 

<6°C 

None 8 Hours EPA 1600 10 no./100 ml 

4.0 QUALITY ASSURANCE AND QUALITY CONTROL PROCEDURES 

This section describes the QA and QC procedures for personnel during the site sampling event, 

including responsibilities, field QC, laboratory QC, data evaluation, and data management. 

4.1 FIELD QUALITY CONTROL 

The quality of data generated in a laboratory depends primarily on the integrity of the samples that 

arrive at the laboratory. Consequently, necessary precautions must be taken to protect samples 

from contamination and deterioration. Procedures detailed in SOP No. 203 for Collection of 

Discrete Water Samples and instrument manufacturer’s instructions (YSI, 2009) will be followed 

to ensure field quality control. 

Field accuracy will be assessed through the use of field or equipment blanks. In order for the 

accuracy assessment to be relevant, all appropriate protocols concerning sample collection, 

handling, preservation, and hold times must be maintained. Equipment that is used to collect 

samples for analysis may become cross-contaminated through the normal course of monitoring. If 

not properly cleaned and rinsed, samples may be contaminated during sampling from previous 

locations. 

 FIELD BLANKS 

Field blanks will consist of a reagent grade blank water transferred into separate sample 

collection containers, transferred into the sample bottle ware, and submitted to the laboratory for 
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quality control. The laboratory will provide the sampling crews with the water to be used to 

prepare the field blanks. 

Field blanks will be collected at a frequency of one blank during each sampling event per sampling 

crew. 

 FIELD DUPLICATES 

Precision is a measure of the agreement between two or more measurements. Duplicate or replicate 

samples will be taken for a portion of the samples to assess field precision. A field duplicate is 

defined as a sample produced when a single sample is split into two or more aliquots immediately 

after the sample is collected. Each aliquot is placed into a separate container and analyzed 

separately.  

Field duplicates will be collected at a frequency at least one field duplicate per sampling crew. 

 CALIBRATION OF FIELD EQUIPMENT 

Instantaneous water quality measurements (such as salinity, temperature, and conductivity) using 

field instruments will be collected as specified in DELCORA, 2017b. Salinity, temperature, and 

conductivity will be measured at the specified sampling locations using an YSI 6920 or similar 

instrument, prior to sample collection. All field instruments will be calibrated at the beginning of 

the day of sampling and checked again at the end of each day, as required by the QAPP. Field 

instrument calibration and sample measurement data will be recorded on the Instrument 

Calibration Sheet and in the field log book, respectively. 

 DATA REPRESENTATIVENESS AND COMPLETENESS 

The intent of this SAP is to obtain a complete data set which is representative of site conditions. 

Data will be reviewed for completeness. If not all samples were collected, resulting in less than 

100% completeness, the reason for the data gaps will be identified in the Trip Report. If any data 

are rejected, the reason for the data rejection will be discussed in the Trip Report. If sampling 

activities or procedures vary significantly from this SAP due to unexpected conditions in the 

field or other unforeseeable factors, WESTON will discuss these deviations from the SAP and 

whether the changes affect data representativeness in the Trip Report. 
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SOP 101 LOGBOOK DOCUMENTATION 
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SOP 101 - 1 

1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) members with a step-by-step guide for logbook documentation.  

2.0 LOGBOOKS  

2.1 Personal Logbooks  

All WESTON members are required to document daily office activities in personal logbooks. 
Information in these logbooks shall be factual and objective and must be kept current at all 
times. Entries should include daily events, such as specific work order numbers, activities, task 
numbers, phone calls and meetings. It is important to note that all personal logbooks are 
property of WESTON® and may be reviewed by management at any time. A copy of Attachment 
A “Logbook Operating Practices” must be affixed to the inside cover of the personal logbook. 
Personal logbooks must be obtained through WESTON® Administrative support staff and must 
include a WESTON® logbook tracking number. 

2.2 Site Logbooks  

All WESTON members are required to document site activities in site logbooks. Information in 
these logbooks shall be factual and objective and must be kept current at all times. Entries 
should include daily events, such as site activities, safety meetings, names of personnel 
entering/exiting site, sampling data, etc. A copy of Attachment A “Logbook Operating Practices” 
must be affixed to the inside cover of the site logbook. All site logbooks are the property of 
client and must remain with the site file. Site logbooks will be maintained by the WESTON® 
Project Team Leader. Information may be entered into the site logbook by any appropriate 
team member. Entries will be made in waterproof ink. Site logbooks must be obtained through 
WESTON® Administrative support staff and must include a WESTON® logbook tracking number. 

3.0 SPECIFIC PROTOCOL  

Adhere to the following protocol for both personal and site logbooks (see Attachment A for 
additional information): 

1. Logbooks are permanently bound, all pages numbered. 

2. Entries begin on page 1. 

3. Use only blue or black ink (waterproof). 

4. Write Weston Solutions, Inc., as well as the mailing address and phone number on the 
inside covers of both the site and personal logbooks.  
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5. Print the site name, volume number, and coverage dates on the site logbook cover and 
inside cover. 

6. Do not write in the margins or between written lines, and do not leave blank pages to fill 
in later.  

7. Fill in all pages in all logbooks.  

8. Place a single line through mistakes and initial each one. 

9. At the end of any partial page, draw a single diagonal line across the page and initial the 
line to indicate the end of that pages notes.  

10. If a line on the page is not completely filled, draw a horizontal line through the blank 
portion of the line and initial it. 

11. Write late notes/entries as soon as possible and identify this entry as such (use “Late 
Note:” on a new line to begin a late note and “End Late Note” on a new line to finish a 
late note).  

12. Be objective for all logbook entries 

13. Ensure that the logbook clearly shows the sequence of the day’s events. 

14. If an error is made, draw a single line through the error and initial it. 

15. Sign or initial all completed pages (typically in the lower right corner) as they are 
completed. 

16. Sign entries at the end of the day, or before someone else writes in the logbook. 

17. Maintain control of the logbook and keep in a secure location. 

Personal logbooks will contain (see Attachment A for additional information) the following 
information:  

1. Employee’s name, work address, and telephone number. 

2. Full names and affiliations for all persons cited in the logbook. Be sure to check the 
spelling of names and affiliations for accuracy.  

3. Sequence of daily events.  

4. Task numbers, full dates (i.e. 12 January 2012), and military time (i.e. 0800).  

5. Initialed daily entries.  

Site logbooks will contain (see Attachment A for additional information) the following 
information:  

1. The name and location of the site.  
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2. Names of Site Leader and Assistant Site Leaders.  

3. Site sketches if appropriate. Draw a box around the sketch to separate the sketch from 
the text in the logbook.  

4. Dates of sample collection or event.  

5. Time of sample collection or event.  

6. Weather conditions on a daily basis.  

7. Field observations.  

8. Numbers and types of samples collected and sample identification numbers.  

9. Description of sampling methodology by referenced Standard Operating Procedures or 
FSP.  

10. Type(s) of laboratory analyses requested.  

11. Phone calls and/or contacts with people at the site on a daily basis.  

12. Name of subcontractor and excavation equipment.  

13. Any modifications in work activities from approved work plans, FSPs, etc. (i.e., sampling 
locations, deviations from procedures with reasons, etc.).  

14. Visual description of samples and test pits, as required. Includes color, texture, 
moisture, and other physical soil characteristics.  

15. Levels of personal protective equipment worn for tasks performed.  

16. Significant changes during the day (i.e., stoppage of work during a lightning storm). 

3.1 Audits 

Personal and Site logbooks are subject to audit by WESTON® Quality Assurance personnel at 
any time. Logbook audits will be documented and maintained in the site project file and/or 
personnel file. Attachment B Logbook Auditing Check sheet or another method of 
documentation will be used to document all logbook audits.  

4.0 REFERENCES 

WESTON® (Roy F. Weston, Inc.). 1993. Standard Operating Practices (SP) Manual. SP No. 16-11-
016, “Test Pit Excavation and Sampling”. West Chester, PA. 
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ATTACHMENT A: LOGBOOK OPERATING PRACTICES 
 

Logbook Operating Practices 

Procedure 

 Logbooks are permanently bound, all pages numbered and entries begin on page 1. 

 Use only blue or black ink (waterproof). 

 Written Legibly. 

 Write Weston Solutions, Inc., as well as the mailing address and phone number on the inside covers of 
both the site and personal logbooks.  

 Print the site name, volume number, and coverage dates on the site logbook cover and inside cover. 

 Do not write in the margins or between written lines; do not leave blank pages to fill in later.  

 Fill in all pages in all logbooks.  

 Include the date on every page. 

 At the end of any partial page, draw a single diagonal line across the page and initial the line to indicate 
the end of that pages notes.  

 If a line on the page is not completely filled, draw a horizontal line through the blank portion of the line 
and initial it. 

 Write late notes/entries as soon as possible and identify this entry as such (use “Late Note:” to begin a 
late note and “End Late Note” to finish a late note).  

 Be objective for all logbook entries. 

 Ensure that the logbook clearly shows the sequence of the day’s events. 

 If an error is made, draw a single line through the error and initial it. 

 Sign or initial all completed pages (typically in the lower right corner). 

 Sign entries at the end of the day, or before someone else writes in the logbook. 

 Maintain control of the logbook and keep in a secure location. 

 End of Logbook noted on last page (“End of Logbook”). 

General Information 

 Team members listed at beginning of day.  

 Other Personnel & Affiliation (e.g. OSC-Smith, OSC-Jones) identified. 

 Signatures when change of recorder. 

 Team Members’ Site Entries and Exits are documented. 

 Late Entries Noted Appropriately. 

Field Logbooks 

 General Information. 

 Name, location of site, and work order number. 

 Name of the Site Manager or Field Team Leader. 

 Names and responsibilities of all field team members using the logbook (or involved with activities for 
which entries are being made). 

 Weather conditions. 

 Objective narratives written. 

 Field observations. 

 Names of any site visitors including entities that they represent. 

Sampling (a table in the logbook can be used for sample information) 

 Time Collected. 

 Grab/Composite. 

 Sample Location. 

 Type of Analysis. 

 CLP Case Number(s) 

 Shipping Information. 

 Number and types of collected samples. 

 Sample identification numbers, including any applicable cross-references to split samples or samples 
collected by another entity. 

 A description of sampling methodology, or reference to any governing document (i.e. Work Plan, 
QAPP). Any deviations from governing document(s) are identified with reasons for deviations specified. 

 Summary of equipment preparation and decontamination procedures. 

 Sample description including depth, color, texture, moisture content, and evidence of waste material or 
staining. 

 Air monitoring (field screening) results. 

 Types of laboratory analyses requested. 

Photo Logs 

 Camera and PDA (IDs). 

 Date of pictures. 

 Time of pictures. 

 Directions of photos. 

 Description of photos. 

 Photographer/Witness. 

Safety 

 All safety, accident, and/or incident reports. 

 Real-time personnel air monitoring results, if applicable. 

 Heat/cold stress monitoring data, if applicable. 

 Level of protection for tasks. 

 Reasons for upgrades or downgrades in personal protective equipment. 

 Health and safety inspections, checklists (drilling safety guide), meetings/briefings. 

 Equipment make, model, and serial number for monitoring instruments. 

 Calibration records for monitoring instruments. 

 Site Safety Meeting (time/topics). 

 Site Objectives/ Plan of Activities. 

 Chemical/Physical Hazards. 

 Personnel Attending. 

Equipment 

 Equipment Type (make, model, a serial numbers). 

 Calibration records. 

 Background Readings & Locations. 

 Monitoring Readings & Locations. 

 Sampler(s) initials 

 Contractor Oversight Activities 

 Progress and activities performed by contractors including operating times. 

 Deviations of contractor activities with respect to project governing documents (i.e., specifications). 

 Contractor sampling results and disposition of contingent soil materials/stockpiles. 

 Excavation specifications and locations of contractor confirmation samples. 

 General site housekeeping and safety issues by site contractors. 

 Equipment and personnel on-site. 

 Duration of equipment use vs. standby. 

 Inventory of shipments received (or verification of items on packing slip). 

 Document inspection of disposal trucks arriving at site (e.g., visual observation of clean tankers or truck 
trailers, etc.). 

Logbook OP_Rev3 December 2015 
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Site Name:__________________________ 

Work Assignment/TDD No. ______________________________________________________ 

Site Name:__________________________ Site Location:______________________________ 

Logbook Recorder:___________________ Logbook Reviewer:_________________________ 

As a part of WESTON’s quality assurance program, the following checklist should be used as a guide for items, at a 
minimum, to include in your logbook. In the future, please make your best effort to thoroughly document all field 
activities.  

LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

Logbook is permanently bound, all pages numbered and 
entries begin on page 1. 

    

Only blue or black ink used.     

Written Legibly.     

“Weston Solutions, Inc.” as well as the mailing address and 
phone number are included on the inside cover.  

    

The site name, volume number, and coverage dates (if the 
logbook is completed) are included on the site logbook 
cover and inside cover. 

    

No writing in the margins or between written lines.     

No blank pages; all pages are filled in.      

Date is included on every page.     

At the end of any partial page, a single diagonal line is 
drawn across the page and initialed.  

    

Where a line on the page is not completely filled, a 
horizontal line is drawn through the blank portion of the 
line and initialed. 

    

Any late notes/entries are identified as such (i.e., “Late 
Note:” to begin a late note and “End Late Note” to finish a 
late note).  

    

Logbook entries are objective.     

The logbook clearly shows the sequence of events.     

If an error was made, a single line was drawn through the 
error and it was initialed. 

    

All completed pages are signed or initialed (typically in the 
lower right corner). 

    

Signature of author at the end of the day     

Signature of author at change of recorder.     
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LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

End of Logbook noted on last page (“End of Logbook”) for 
completed logbooks. 

    

General Information 

Team members are listed at beginning of day.      

Other Personnel & Affiliation (e.g. OSC-Smith, OSC-Jones) 
are identified. 

    

Team Members’ Site Entries and Exits are documented.     

Name, location of site, and work order number is 
identified. 

    

Name of the Site Manager or Field Team Leader is 
identified. 

    

Weather conditions are noted.     

Field observations are sufficiently detailed.     

Sampling (a table in the logbook can be used for sample information) 

Sample identification numbers, are noted.     

Time Collected is identified.     

Grab/Composite is identified (or FSP/SAP is referenced).     

Sample Locations are identified (or FSP/SAP is referenced).     

Type of Analysis is identified (or FSP/SAP is referenced).     

CLP Case Number(s) is noted.     

Number and types of collected samples are identified (or 
FSP/SAP is referenced). 

    

A description of sampling methodology is included (or 
FSP/SAP is referenced). 

    

Any deviations from the FSP/SAP or other governing 
document(s) are noted, including specified reasons for 
deviations. 

    

Summary of equipment preparation and decontamination 
procedures are noted (or FSP/SAP is referenced). 

    

Sample description including depth, color, texture, 
moisture content, and evidence of waste material or 
staining are noted. 

    

Air monitoring (field screening) results are included.     

Types of laboratory analyses requested are identified (or 
FSP/SAP is referenced). 

    

Logbook is permanently bound, all pages numbered and 
entries begin on page 1. 
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LOGBOOK AUDITING CHECKSHEET 

INFORMATION:  YES NO N/A COMMENTS 

Only blue or black ink used.     

Written Legibly.     

“Weston Solutions, Inc.” as well as the mailing address and 
phone number are included on the inside cover.  

    

The site name, volume number, and coverage dates (if the 
logbook is completed) on the site logbook cover and inside 
cover. 

    

No writing in the margins or between written lines     

No blank pages; all pages are filled in.      

Date is included on every page.     

At the end of any partial page, a single diagonal line is 
drawn across the page and initialed.  

    

Where a line on the page is not completely filled, a 
horizontal line is drawn through the blank portion of the 
line and initialed. 

    

Any late notes/entries are identified as such (i.e., “Late 
Note:” to begin a late note and “End Late Note” to finish a 
late note).  

    

 

____________________________________  _____________________________ 

Signature of Reviewer      Date 
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1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) team members with a step-by-step guide for chain-of-custody documentation.  

2.0 SCOPE  

This SOP describes the minimum requirements for sample chain-of-custody procedures. These 
procedures permit traceability from the time of sample collection to generation of the 
analytical data report.  

These procedures are intended to document sample possession from the time of sample 
collection to sample disposal (i.e., sample shipment, sample storage, sample analysis). 

3.0 GENERAL PROTOCOL  

A chain-of-custody record will be maintained from the time of sample collection until final 
disposition. 

For the case of the chain-of-custody forms and the traffic report chain-of-custody forms, every 
transfer of custody will be noted and signed. The distribution of the chain-of-custody forms will 
be done in accordance with the distribution list at the bottom of each form. The 
chain-of-custody record shall contain, at a minimum, the following information:  

 Project identification  

 Project identification number 

 Sample number 

 Sample type and description  

 Sample location 

 Time and date of sample collection (military time) 

 Requested analyses 

 Sample information (e.g., no. of bottles, preservatives, etc.) 

 Names and signatures of samplers 

 Signatures of individuals who have had sample custody 

 The name of the carrier and the airbill number, if the sample is shipped 

4.0 PROTOCOL FOR SHIPMENTS  

All pertinent data must be recorded legibly in black or blue ink. Mistakes can only be corrected 
by drawing a single line through the mistake and then initialing and dating the correction.  
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Listed below are the information needed in each section of the chain-of-custody record:  

 The PROJ. NO. section of the form will always contain the site Project Control System 
(PCS) number.  

 The PROJECT NAME section of the form will contain the Site name only if the samples 
are being analyzed by the EPA Region III Laboratory, otherwise it will contain the START 
Analytical Technical Directive Document (TDD) number or the DAS project number. 

 The SAMPLERS (Signature) section should contain the printed name and signature of 
samplers. 

 The TIME section should be in military time. 

 The LOCATION section should give a description of the sample location (note: never put 
resident’s names or full addresses in this section). 

 The diagonal lines on the top of the form should contain the analyses to be performed 
for each sample. An X should be placed in the block beneath the analyses to be 
performed for each sample. 

 The airbill number and shipper should be identified in the REMARKS section at the 
bottom of the form. 

Every time the samples are relinquished to a different individual the current sample custodian 
is required to relinquish the custody to the new individual.  

5.0 SAMPLE LABELS AND CUSTODY SEALS  

In addition to chain-of-custody forms, sample labels and custody seals are needed to ensure 
sample custody has been maintained. Sample labels should contain the same information 
contained on the chain-of-custody record to ensure the proper analyses are being performed 
on the samples. Custody seals ensure that the samples have not been tampered with during 
sample shipment. Below is a description of the information needed for the labels and custody 
seals.  

5.1 Sample Labels  

The following information will be recorded on the sample labels affixed to each container:  

 Project identification number 

 Sample number 

 Time and date of sample collection 

 Sample type (composite/grab) 



WESTON SOLUTIONS, INC. 
STANDARD OPERATING PROCEDURE 

 
SOP 103 CHAIN-OF-CUSTODY DOCUMENTATION 

 
August 2011 

SOP 103 - 3 

 Sample location 

 Analyses requested 

 Preservatives used  

5.2 Custody Seals  

Custody seals confirm that samples have not been tampered with. The individual who has 
custody of the samples will sign, date, and affix the seals to the cooler or shipping box which 
contains the samples so that it cannot be opened without breaking the seal. A wide clear tape 
will be placed over the seals to ensure that the seals are not accidentally broken during 
transportation.  

6.0 REFERENCES  

American Standards for Testing and Materials (ASTM). 1993. Standard Practices for Sampling 
Chain-of-custody Procedures. Designation D 4840-88 (Reapproved 1993). Philadelphia, PA. 
May. (Replaced with ASTM D4840 - 99(2010) Standard Guide for Sampling Chain-of-Custody 
Procedures) 
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ATTACHMENT 1: CHAIN-OF-CUSTODY RECORD  
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1.0 INTRODUCTION  

The purpose of this Standard Operating Procedure (SOP) is to provide Weston Solutions, Inc. 
(WESTON®) team members with a step-by-step guide for photographic and video 
documentation. Photographs/videos should be used to document field activities including initial 
site conditions during assessments and emergencies prior to, during and after removal and 
remedial actions, during enforcement actions, and at special events and outreach programs.  

2.0 PHOTOGRAPHIC AND VIDEO DOCUMENTATION  

2.1 Photographs  

Unless specifically requested otherwise, WESTON will document all site, sampling and special 
events using digital photographs.  

Date and time should be accurately set for all digital cameras to document the date of the 
photography. Descriptions of the photograph subject, date, time, site name and location should 
be documented in the site logbook for all photographs. This information can also be 
documented in the digital camera or other electronic data collection device; however, written 
logbook descriptions should be maintained.  

2.2 Video  

If requested WESTON team members will document site activities using hand-held digital video 
cameras. Film video will only be taken if specifically requested, and such documentation, as 
well as High-definition digital video or other specialized video services, may require 
subcontractor support.  

Date and time should be accurately set for all digital video cameras to document the date of the 
video. Descriptions of the video subject, date, time, site name and location should be 
documented in the site logbook for all video. This information can also be documented in the 
digital camera or other electronic data collection device; however, written logbook descriptions 
should be maintained. 

3.0 SPECIFIC PROTOCOL  

Adhere to the following protocol for both photographic and video documentation:  

 Enter description of filming activities in the site logbook documenting type of camera, 
time (military time) and date, filming individual, and orientation angle of the viewing 
angle.  
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 Print the site name, the project number, and coverage dates on each storage media that 
has been used.  

 Prepare a photographic log and label all photographs with the following information: 
the project number, site name, site location, date and time, description of photograph, 
orientation, and photographer.  

 Store all storage media (SandDisk [SD] or other memory card, MicroSD, Digital tape, 
Universal Serial Bus [USB] flash drive, site negatives, original videos or other media) in 
the official site file.  

 Be objective for all photographs/video. Ensure the purpose of the photograph is entered 
into the site log (e.g., documenting labels for enforcement, or condition of neighboring 
properties prior to the initiation of a removal action, or documenting an exposure 
pathway).  

4.0 REFERENCES  

NEIC Policies and Procedures. EPA-330/9-78-001-R, May 1978 (Revised 1983) 
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ATTACHMENT A: EXAMPLE PHOTOGRAPHIC DOCUMENTATION LOG 
 

  



  P H O T O G R A P H I C  D O C U M E N T A T I O N  L O G  

 

Client:  Prepared by: Weston Solutions, Inc. 

Site Name: Site Photographer(s): C. Body; D. Person 

Location: Somewhere, PA TDD Number: WS01-10-07-002 

Phase:  Creek Reconstruction  Date: May 30, 2014 
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Date: 9/9/2011 

Time: 09:00 

Orientation: SW 

Description: Damage assessment of 

after Tropical Storm Lee. 

 

 

 

 

 

Date: 9/14/2011 

Time: 13:50 

Orientation: E 

Description: Collection and staging of 

flood debris for disposal. 
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1.0 SCOPE AND APPLICATION  

This Standard Operating Procedure (SOP) is applicable to the collection of representative 
liquid samples from streams, rivers, lakes, ponds, lagoons, and surface impoundments.  It 
includes samples collected from depth, as well as samples collected from the surface.  

2.0 METHOD SUMMARY  

Sampling situations vary widely and therefore no universal sampling procedure can be 
recommended.  

However, sampling of liquids from the above mentioned sources is generally accomplished 
through the use of one of the following samplers or sampling techniques:  

 Kemmerer bottle  

 Van dorn sampler 

 bacon bomb sampler 

 dip sampler 

 direct method  

These sampling techniques will allow for the collection of representative samples from the 
majority of surface waters and impoundments encountered.  

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE  

Once samples have been collected, follow these procedures:  

1 Transfer the sample(s) into suitable labeled sample containers.  
2 Preserve the sample if appropriate, or use pre-preserved sample bottles.  
3 Cap the container, put it in a resealable plastic bag and place it on ice in a cooler.  
4 Record all pertinent data in the site logbook and on a field data sheet.  
5 Complete the chain-of-custody form.  
6 Attach custody seals to the cooler prior to shipment.  
7 Decontaminate all sampling equipment prior to the collection of additional samples.  

 4.0 INTERFERENCES AND POTENTIAL PROBLEMS  

There are two primary interferences or potential problems with surface water sampling. These 
include cross-contamination of samples and improper sample collection.  

 Cross-contamination problems can be eliminated or minimized through the use of 
dedicated sampling equipment.  If this is not possible or practical, then decontamination 
of sampling equipment is necessary.  
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 Improper sample collection can involve using contaminated equipment, disturbance of 
the stream or impoundment substrate, and sampling in an obviously disturbed area.  

Following proper decontamination procedures and minimizing disturbance of the sample site 
will eliminate these problems. 

5.0 EQUIPMENT/APPARATUS  

Equipment needed for collection of surface water samples includes:  

 Kemmerer bottles 

 Van Dorn sampler  

 Bacon bomb sampler  

 Dip sampler  

 Line and messengers  

 Sample bottles and preservatives 

 pH paper  

 Resealable plastic bags  

 Ice for sample preservation 

 Coolers 

 Ball-point pen, permanent marker, grease pencil, marking spray paint   

 Chain of custody forms, EPA custody seals, field data sheets 

 Sample bottle labels/tags  

 Decontamination equipment (brushes, buckets, garden sprayer, alconox or liquinox, 
water, etc.) 

 Paper towels  

 Plastic sheeting 

 Map/plot plan/sketches  

 Personal protective equipment and monitoring equipment (as specified in the Health 
and Safety Plan) 

 Field data measurement equipment as specified in the FSP (such as YSI)  

 Compass  

 Tape measure (up to 300 ft) 

 Survey stakes, flags, or buoys and anchors 

 Global positioning system (GPS) unit with sub-meter accuracy or better 

 Digital camera with adequate storage media 

 Logbook/waterproof pen and field data sheets 

 Plastic garbage bags 

 Scissors 
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 Nitrile or latex sample gloves  

 Shipping documents (Federal Express forms/shipping labels/etc.) 

 Strapping/packing tape  

6.0 REAGENTS  

Reagents will be utilized for preservation of samples and for decontamination of sampling 
equipment.  The preservatives required are specified by the analysis to be performed.  
Decontamination solutions are specified in SOP No. 301, Decontamination Procedures.  

7.0 PROCEDURES  

7.1 Preparation  

 Determine the extent of the sampling effort, the sampling methods to be employed, 
and which equipment and supplies are needed.  

 Obtain necessary sampling and monitoring equipment.  

 Decontaminate or pre-clean equipment, and ensure that it is in working order.  

 Prepare scheduling and coordinate with staff, clients, and regulatory agency, if 
appropriate.  

 Perform a general site survey prior to site entry in accordance with the site specific 
health and safety plan.  

 Use stakes, flags, or buoys to identify and mark all sampling locations. If required, the 
proposed locations may be adjusted based on site access, property boundaries, and 
surface obstructions.  

7.2 Sampling Considerations  

7.2.1 Representative Samples  

In order to collect a representative sample, the hydrology and morphometrics (e.g., 
measurements of volume, depth, etc.) of a stream or impoundment should be determined prior 
to sampling.  This will aid in determining the presence of phases or layers in lagoons or 
impoundments, flow patterns in streams, and appropriate sample locations and depths.  

Water quality data should be collected in impoundments to determine if stratification is 
present. Measurements of dissolved oxygen, pH, and temperature can indicate if strata exist 
that would affect analytical results. Measurements should be collected at one-meter intervals 
from the substrate to the surface using an appropriate instrument, such as a YSI (or equivalent).  
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Water quality measurements such as dissolved oxygen, pH, temperature, conductivity, and 
oxidation-reduction potential can assist in the interpretation of analytical data and the 
selection of sampling sites and depths anytime surface water samples are collected.  

Generally, the deciding factors in the selection of a sampling device for sampling liquids in 
streams, rivers, lakes, ponds, lagoons, and surface impoundments are:  

 Will the sample be collected from the shore or from a boat on the impoundment?  

 What is the desired depth at which the sample is to be collected?  

 What is the overall depth and flow direction/flow rate of river or stream?  

7.2.2 Sampler Composition  

The appropriate sampling device must be of a proper composition.  Samplers constructed of 
glass, stainless steel, polyvinyl chloride (PVC) or Polytetrafluoroethylene (PFTE such as Teflon®) 
should be used based upon the analyses to be performed.  

7.3 Sample Collection  

Photograph sample locations with landmarks in view.  Keep in mind that sample locations may 
need to be referenced in the future, often years after your sampling event.  

7.3.1 Kemmerer Bottle  

Kemmerer bottle may be used in most situations where site access is from a boat or structure 
such as a bridge or pier, and where samples at depth are required. Sampling procedures are as 
follows:  

1. Using a properly decontaminated Kemmerer bottle, set the sampling device so that the 
sampling end pieces are pulled away from the sampling tube, allowing the substance to 
be sampled to pass through the tube.  

2. Lower the pre-set sampling device to the predetermined depth.  Avoid bottom 
disturbance.  

3. When the Kemmerer bottle is at the required depth, send down the messenger, closing 
the sampling device.  

4. Retrieve the sampler and discharge the first 10 to 20 mL to clear any potential 
contamination on the valve.  Transfer the sample to the appropriate sample container.  
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7.3.2 Van Dorn Sampler 

A Van Dorn sampler is used to collect surface water from a very specific sampling depth or from 
a shallow water body. Since the sampler is suspended horizontally, the depth interval sampled 
is the diameter of the sampling tube. The sampling procedure is as follows: 

1. Use a properly decontaminated Van Dorn sampler. Set the device so that the end 
stoppers are pulled away from the body allowing surface water to enter the tube. 

2. Lower the pre-set sampling device to the predetermined depth. Avoid disturbance of 
the bottom. 

3. When the Van Dorn is at the required depth, send the weighted messenger down the 
suspension line, closing the sampling device. 

4. Retrieve the sampler and discharge the first 10-20 milliliters (mL) from the drain to clear 
potential contamination from the valve. This procedure may be repeated if additional 
sample volume is needed to fulfill analytical requirements. Subsequent grabs may be 
composited or transferred directly to appropriate sample containers. 

7.3.3 Bacon Bomb Sampler  

A bacon bomb sampler may be used in similar situations to those outlined for the Kemmerer 
bottle.  Sampling procedures are as follows:  

1. Lower the bacon bomb sampler carefully to the desired depth, allowing the line for the 
trigger to remain slack at all times.  When the desired depth is reached, pull the trigger 
line until taut.  

2. Release the trigger line and retrieve the sampler.  

3. Transfer the sample to the appropriate sample container by pulling the trigger.  

7.3.4 Dip or Swing Sampler  

A dip sampler and/or a swing sampler are useful for situations where a sample is to be 
recovered from an outfall pipe or along a lagoon bank where direct access is limited.  The long 
handle on such a device allows access from a discrete location.  Sampling procedures are as 
follows:  

1. Assemble the device in accordance with the manufacturer's instructions.  
2. Extend the device to the sample location and collect the sample.  
3. Retrieve the sampler and transfer the sample to the appropriate sample container.  
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7.3.5 Direct Method  

For streams, rivers, lakes and other surface waters, the direct method may be utilized to collect 
water samples from the surface.  This method is not to be used for sampling lagoons or other 
impoundments where contact with contaminants are a concern.  

Using adequate protective clothing, access the sampling station by appropriate means.  For 
shallow stream stations, collect the sample under the water surface, pointing the sample 
container upstream.  The container must be upstream of the collector. Avoid disturbing the 
substrate. For lakes and other impoundments, collect the sample under the water surface 
avoiding surface debris and the boat wake.  

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.  

8.0 QUALITY ASSURANCE/QUALITY CONTROL  

The following general QA/QC procedures apply:  

 Field QA/QC samples (e.g., field blanks, equipment rinsate blanks, trip blanks, duplicate 
samples, MS/MSD, etc.) must be collected in accordance with the FSP and QAPP 

 All data must be documented in site logbooks.  

 All sample locations should be recorded using a GPS unit. 

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

9.0 HEALTH AND SAFETY  

When working with potentially hazardous materials, follow U.S. EPA, OSHA and specific health 
and safety procedures.  

More specifically, when sampling lagoons or surface impoundments containing known or 
suspected hazardous substances, take adequate precautions. The sampling team member 
collecting the sample should not get too close to the edge of the impoundment, where bank 
failure may cause him or her to lose their balance.  The person performing the sampling should 
be on a lifeline and be wearing adequate protective equipment, including a Type II PFD. 
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Sampling over and around water can be dangerous, be sure to follow all HAS procedures and 
have an approved HASP.  Whenever boats are to be used to collect samples, a Float Plan must 
be prepared and included as part of the approved HASP.  When working around and over cold 
water, appropriate survival suits are required (such as Mustang suits), as specified in the 
approved HASP. 

10.0 REFERENCE  

EPA. 1991.  Compendium of Emergency Response Team (ERT) Surface Water and Sediment 
Sampling Procedures.  Office of Solid Waste and Emergency Response, Washington, DC.  
EPA/540/P-91/005.  
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ATTACHMENT 1: FIGURES  
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Figure 1: Kemmerer Bottle  
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Figure 2: Van Dorn Sampler 
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Figure 3: Bacon Bomb Sampler 
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Figure 4: Dip Sampler 
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1.0 PURPOSE  

To provide guidance for the decontamination of equipment used to sample, install sample 
points (monitor wells, soil borings and test pits), and make field measurements. This operating 
practice is not intended to be site specific or equipment specific, but to provide guidance in 
place of non-existent state or federal guidelines or in cases where the site-specific work plan or 
Field Sampling Plan does not provide additional detail on decontamination procedures.  

2.0 DISCUSSION  

2.1 Introduction  

The objective of decontamination procedures is to provide clean equipment for the retrieval of 
representative environmental samples. Decontamination procedures differ depending on the 
nature of the equipment used. The three categories of decontamination procedures are 
discussed below:  

 Intrusive equipment used to install sample points including drilling (tools, augers, rods, 
etc.) and excavation equipment (backhoes, excavators, etc.).  

 Equipment used to measure the characteristics of the media to be sampled including 
water level, pH, specific conductivity, and temperature probes. This category also 
includes pumps to purge water.  

 Equipment that has contact with the sample to be submitted for laboratory analysis 
including bailer, split-spoons, hand auger, stainless steel bowls and scoops.  

Because items from the first two categories do not contact the sample media that is sent to a 
laboratory for analysis, the decontamination procedures are less stringent. Dedicated and 
disposable equipment will be used whenever feasible to limit decontamination and the 
possibility of cross-contamination. This includes rope, tubing, filterware and, in some cases, soil 
scoops, pans, and bailers.  

3.0 PROCEDURES  

3.1 Intrusive Equipment  

Drilling tools, including augers, rods, drill bits, hand tools, etc. will be steam cleaned prior to use 
and after each location. Split spoons will also be steam cleaned if not used for sample 
collection. Backhoe buckets and arms will also be steam cleaned prior to use and between each 
sample location.  
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3.2 Field Measurement Equipment  

Water level probes will be cleaned using the following procedures:  

 Wipe the probe with a paper towel.  

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water wash.  

 Deionized water rinse.  

Other measurement equipment should be rinsed with deionized water between readings.  
Pumps used for well purging shall be decontaminated using the following procedures:  

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water scrub 
and pump through.  

 Potable water rinse and pump through. 

Rope and tubing used with the pump will be made of polyethylene and be dedicated (and 
disposable) to one sample location. 

3.3 Sampling Equipment 

Equipment used for sample collection include but are not limited to:  

 Teflon bailers 

 Stainless steel scoops and bowls  

 Hand augers 

 Split spoons 

This equipment will be cleaned using the following procedures: 

 Alconox®, Liquinox®, or other appropriate cleaning solution and potable water scrub. 

 Thorough potable water rinse. 

 Deionized water rinse. 

 Specialized decontamination fluid rinse, if necessary for the type of sampling and level 
of analyses. 

 Deionized water rinse, if a specialized decontamination fluid rinse is used. 

 Total air dry (only if sample is to be analyzed for organics). 

Sampling instruments should be wrapped in aluminum foil after decontamination to keep clean 
before sampling. Note that this may be eliminated if low level metals analyses are being 
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conducted and aluminum is a potential contaminant of concern. Also note that aluminum foil 
should not be used if sampling for Perfluorinated Compounds. 

4.0 DOCUMENTATION  

Decontamination efforts should be documented in the field logbook.  Decontamination fluids 
should be disposed of properly. Depending on site conditions, it may be appropriate to contain 
spent decontamination fluids. In that case, the appropriate vessel (i.e., drum) should be used 
depending on the ultimate disposition of the material. See SOP 019 Investigative Derived Waste 
Compliance Plan for more detailed information on handling and disposal of these wastes. 

5.0 INTERPRETATION  

If there are questions on the interpretation or applicability of items in this operating practice, 
the Project Manager, Technical Manager or Quality Manger should be consulted.  

6.0 REFERENCES  

New Jersey Department of Environmental Protection and energy Field Sampling Procedures 
Manual, May 1992. {Updated 2011, See NJDEP website. Specific changes listed} 

"Standard Practice for Decontamination of Field Equipment Used at Non-radioactive Waste 
Sites", ASTM Designation D5088-90. 

http://www.watoxics.org/chemicals-of-concern/perfluorinated-compounds-pfcs
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  SITE VISIT NOTES 
 
 Sampling 

ID 
Sampling Location Activity / Notes Accessibility 

CC-01 Upland Rd. / Incinerator 
Rd. Bridge. 
39.850122, -75.386348 

20 ft. from rail to water.  
Upstream of CSO outfall. 
Creek is non-tidal. Lower 
bottle with rope or other 
means 

Upland road access gated 
from both ends, may need 
to contact police for 
access.  Minimal traffic.   
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CC-02 9th and Penn St. Bridge 
39.850709, -75.365530 

23 ft. from rail to water.  
Bridge is located next to 
Chester High School. 

Accessible from 9th Street. 
Can pull vehicle on shoulder.  
Light traffic.     

 

 

CC-02 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CC-03 Intersection of Edgmont and 
2nd street. William Penn’s 
Landing Park 
39.845227, -75.360284 

Site is in William Penn’s 
Landing Park.  Sample off of 
Concrete plaza that 
overhangs Chester Creek. 
Tidal influence. Grab 
samples upstream of bridge. 

Can pull vehicle off of 2nd 
Street and walk into park.  
Light traffic.       

 

 

CC-03 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-01 Chester Park Drive Bridge 
39.873264, -75.375183 

19 ft. rail to water.  Sample 
upstream of CSO outfall. 
Upstream of CSO-33. Creek 
is non-tidal here. Lower 
bottle with rope or other 
means. 

Can park in lot adjacent to 
Chester Park Drive Bridge.  
Minimal traffic.       

 

 

 

RC-01 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-02 Morton Ave. Bridge 
39.863016, -75.348686 

22 ft. rail to water (low tide), 
with 2 ft. water depth.  Site is 
in same area as CSO-18. 

Can park on Sun Drive and 
use sidewalk when sampling 
off of bridge.  Medium traffic.   

 

 

 

RC-02 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

RC-03 4th Street (Harrah’s) Bridge. 
Bridge No. 157 (Chester-
Eddystone Bridge) 
39.853435, -75.346350 

25 ft. rail to water (low tide), 
shallow during low tide.  
Creek is tidal. Lower bottle 
from bridge using a rope or 
other means.  

Can park on shoulder north 
of bridge use sidewalk when 
sampling off of bridge.  
Medium traffic.   

 

 

RC-03 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-02 Front and Booth St. 
39.828334, -75.392570 

SCADA level sensor 
installed.  Concrete dam 
diverts flow to right side MH 
flow to WRTP (has an orifice 
plate).  Overflow over the 
dam will flow to CSO outfall 
at Delaware River.   

Can park at the end of Booth 
St. prior to rail tracks.  
Minimal traffic.  MH cover is 
marked with white dot.  

 

 

CSO-02 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-05 Front and Townsend 
39.832598, -75.383958 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
right side MH flow to WRTP.  
Overflow over the dam will 
flow to CSO outfall at 
Delaware River.   

Can park at the end of 
Townsend St.  Minimal 
traffic.  MH cover is marked 
with white dot.  

 

 

 

CSO-05 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-18 Hancock St. and Sun Dr. 
39.863501, -75.349203 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
right side MH flow to WRTP.  
Overflow over the dam will 
flow to CSO outfall at Ridley 
Creek.   

Can park at the end of 
Hancock St.  Minimal traffic.  
MH cover is marked with 
white dot.  

 

 

CSO-18 Location Plan Map 
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CSO-18- Photos  
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

CSO-19 14th and Crozer Hospital 
39.857132, -75.366105 

SCADA level sensor and 
Hach flow meter installed.  
Concrete dam diverts flow to 
interceptor MH flow to 
WRTP.  Overflow over the 
dam will flow to CSO outfall 
at Chester Creek.   

Can park in the cul-de-sac 
off of 14th St.  High traffic.  
MH cover is on lawn area 
marked with white dot.  

 

 

CSO-19 Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

SW-05A 7th and Engle Street 
39.838658, -75.387550 

Residential storm water MH.  
MH is clear and on grass 
area off of road.   

Can park on 7th St. shoulder 
and access MH on lawn next 
to traffic light.  Medium 
traffic.  MH cover is on lawn 
area marked with white dot.  

 

 

SW-05A Location Plan Map 
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Sampling 
ID 

Sampling Location Activity / Notes Accessibility 

SW-SS2 105 Townsend Street 
39.832687, -75.384032 

Industrial storm water MH.  
MH is clear and on gravel 
area near CSO-05. 

Can park at the end of 
Townsend St.  Minimal 
traffic.  MH cover is marked 
“storm” with white dot. 

 

 

SW-SS2 Location Plan Map 
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