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Abstract 

 

This quality assurance project plan (QAPP) has been developed to support a runoff water quality 

monitoring study for selected urban subcatchments in the City of Fredericksburg, Virginia. The 

study is intended to gather data on urban runoff quality from specific land uses in order to assess 

the role of land use characteristics on generated runoff quantity and quality. These efforts will 

enable estimation of pollutant loadings from the selected land uses and provide data for calibration 

of hydraulic/hydrologic/water quality models of each subcatchment, which can form the building 

blocks of a model of the entire City of Fredericksburg. Monitoring stations will be installed at the 

outlet of each study catchment to measure flows and collect composite samples for each qualifying 

storm event. The QAPP describes the sample collection and analytical procedures to be performed 

within the monitoring study. The QAPP ensures that he quality of collected data and results are 

accurate and complete.  
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1.0 Background 

 

Quality Assurance Project Plans (QAPP) are developed to certify proper documentation of 

procedures conducted in a monitoring project. Procedures include data collection, storage, 

analysis, and management. The goal of this QAPP is to document and support a monitoring study 

for quality of runoff from selected land uses in Fredericksburg, VA. The City of Fredericksburg 

operates a municipal separate storm sewer system (MS4) which discharges urban runoff to state 

waters through the Virginia General Permit for Small MS4s (General Permit No. VAR040058). 

Discharges from MS4 are regulated under the Virginia Stormwater Management Act, the Virginia 

Stormwater Management Program (VSMP) Permit regulations, and the Clean Water Act as a 

group of point source discharges. The monitoring activity will support comprehensive stormwater 

management planning as required by the VSMP.  

The fate and transport of stormwater pollutants in the urban environment is lumped into two 

processes known as pollutant buildup and washoff. Buildup determines generation and 

accumulation of pollutants on urban surfaces during dry period, influencing catchment 

characteristics (Taylor and Stefan, 2009; Wang et al., 2017). Washoff is related to the detachment, 

mobilization and transport of pollutants (Alias et al., 2014; Goonetilleke et al., 2009; Wijesiri et 

al., 2015). The study is intended to gather data on water quality delivered from select land uses 

and characterize each storm event as well as compile an annual average.  

 

A one-year monitoring program will be conducted in the City of Fredericksburg to characterize 

runoff quantity and quality with respect to selected land uses. Land use maps were developed for 

the City of Fredericksburg using tax parcel data and were checked using recent aerial photography, 

see Table 1 for percentage breakdown of land use in the City. The top five land uses were selected, 

these included: residential, transportation, commercial, and industrial; Planned development was 

lumped with commercial, and residential broken into two categories, high density (apartments) 

and medium density (single family for maximum contrast. The monitoring stations will be installed 

to record runoff quantity and collect flow weighted runoff samples from contributing sub-

catchments that are relatively homogenous with respect to land use. Storm runoff from medium-

density residential, high-density residential, transportation, commercial, and industrial will be 

sampled (Fig. 1(a)), and water quality will be characterized for each storm event. 

 

The QAPP ensures that the quality of collected field data and the results meet project requirements, 

are consistent, correct, and complete. The objectives of this document are to identify the quality 

assurance components that are necessary to implement the project activities. This QAPP addresses 

guidelines found in USEPA (2001). The outcome of collected field data will be used in calibration 

of developed hydrological models in terms of flow and water quality for this region. Moreover, 

the results will give insight into assessing the role of land use types on the quality of urban runoff. 

This information can then be easily compared with data from previous studies and regional 

estimates. 
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Table 1. Percentage of coverage for each land use classes. 

Land use classes Percentage of coverage 

Residential 30.2 % 

Transportation 17.6 % 

Commercial and medical centers 12.2 % 

Planned development/ commercial 11.0 % 

Preservations and parks 10.2 % 

Industrial 7.1 % 

Institutional 4.7 % 

Planned development/ residential 3.7 % 

Mixed use 3.3 % 

 

 

2.0 Description of appointment and extension responsibilities 

 

Field monitoring stations will be established to assist in assessing runoff quality delivered from 

the selected land uses. This includes the following activities:  

 

A. Selecting monitoring locations 

B. Instrumentation plan 

C. Rainfall measurement 

D. Flow measurement 

E. Grab samples  

F. Container decontamination 

G. Sample intake location 

H. Station maintenance 

I. Sample preservation 

J. Equipment maintenance and cleaning 

 

 Selecting monitoring locations 

 

Five monitoring locations representing important land use types, medium-density residential, high-

density residential, industrial, commercial, and transportation were selected in coordination with 

the City of Fredericksburg personnel, see Fig. 1(b). Field monitoring shall be conducted at these 

stations during wet weather periods only. Each of these locations record runoff quantity and quality 

form a homogenous land use type area. 

 

 Instrumentation plan 

 

Taking wet weather samples requires consideration of the hydrograph to ensure an EMC, which 

consists of a flow or volume weighted sample. Performing this requires knowledge of flow as it 

occurs, and equipment that is capable of proportionally sampling that flow. A summary of the 

monitoring equipment needed to support these efforts is provided in Table 2, the last column 

identifies the station location for each piece of equipment.
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Fig 1. (a) Land use map and selected monitoring locations in City of Fredericksburg, VA. 
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Fig 2. (b) Monitoring locations in City of Fredericksburg, VA. 
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 Rainfall measurements  

 

Rain gages will be installed at each of the five monitoring locations. The two rain gages installed 

at the commercial and medium density residential will be online and will provide real time 

information. The other three rain gages will be installed at the high density residential, industrial, 

and transportation sites and will be connected to ISCO 6712 automatic samplers, to record on-site 

rainfall. Rain gages are installed in protected places. Care will be taken to eliminate the effects of 

buildings or other obstructions. Prior to being installed, rain gages shall be calibrated and 

maintained in accordance with the manufacturers’ instructions. Rain pulses are typically recorded 

as a time stamp at every hundredth of an inch; these are typically summed into 5-minute increments 

as the data is stored. 

 

 Flow measurements 

 

Flow is measured either by a depth using a known depth-flow relationship, as in a flume or weir, 

or an area velocity (AV) meter. Flow across a weir or flume at a given depth has a known 

relationship based upon the type of flume or weir. An AV meter measures velocity using ultrasonic 

sound waves beamed through the flow, which affects the signal based upon the Doppler effect. 

Typically, flow is logged at intervals of 1-15 minutes. A 24” flume will be installed at the 

commercial site, and a 30-inch Palmer Bowlus flume will be installed at the medium density 

residential site. Area velocity meters will be installed at the industrial, transportation, and high-

density residential sites. Figures 2-6 provide details of the medium density residential, high density 

residential, commercial, transportation, and industrial sampling locations, respectively. Each 

figure (Figs. 2-6) has three components, (a) a diagram of the pipe or manhole at the site, (b) a map 

locating the pipe or manhole, and (c) a photograph of the proposed monitoring location. (See 

Appendix A, Figures A1-A6, for the delineated areas for each of the selected land use with the 

calculated drainage area and average slope). 

 

 Grab samples 

 

Storm runoff samples will be collected after each storm event. Approximately 24 composite storm 

samples are anticipated. Auto-samplers will be applied to collect stormwater samples during 

qualifying storm events i.e., events greater than 0.10 inches. Auto-samplers take samples as flow-

weight composite sample during storm events using a peristaltic or vacuum pump. This method 

collects a single composite sample at equal increments of volume across each storm hydrograph. 

The resulting concentration is the event mean concentration (EMC), which is defined by the Eq.1: 

 

 𝐸𝑀𝐶 =
𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑡𝑖𝑡𝑢𝑒𝑛𝑡 𝑚𝑎𝑠𝑠

𝑡𝑜𝑡𝑎𝑙 𝑟𝑢𝑛𝑜𝑓𝑓 𝑣𝑜𝑙𝑢𝑚𝑒
=  

∑ C𝑖V𝑖
𝑛
𝑖=1

∑ V𝑖
𝑛
𝑖=1

 (1) 

 

where, Ci is the variable concentration in each sampling (mg/L); Vi is the volume of runoff flow 

in each sampling (lit).  
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Table 2. Summary of required equipment for field monitoring. 

Item Status # of units Manufacturer Model Station land 

use (s) 

Auto sampler      

   ISCO In hand 3 ISCO 6712 HDR, IND, 

TRN 

Manning Environmental In Hand 2 Manning V? MDR, COM 

Rain gage      

   ISCO In hand 3 ISCO 674 HDR, IND, 

TRN 

Generic Order 2 Generic NA MDR, COM 

Area velocity meter In hand 3 ISCO 750 HDR, IND, 

TRN 

Data logger (Manning only) Order 2 Arduino NA MDR, COM 

Pressure transducer Order 2 Generic NA MDR, COM 

Flumes      

   24” flume In hand 1 NA NA COM 

   30” Palmer-Bowlus flume Order 1 NA NA MDR 

Land Use abbreviations: high density residential (HDR), medium density residential (MDR), commercial (COM), transportation (TRN), 

and industrial (IND).  
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Fig 2. (a) Diagram of manhole at site.    Fig 2. (b) Location of manhole. 

 
 

Fig 2. (c) Proposed monitoring location for medium density residential, 1007 Savoy Pl, 

Fredericksburg. Red arrow shows location of manhole where flume is to be installed. 
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Fig 3. (a) Diagram of manhole at site.   Fig 3. (b) Location of manhole. 

 

 

 
 

Fig 3. (c) Proposed monitoring location, high density residential. The red arrow marks the location 

of the manhole. 
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Fig 4. (a) Diagram of manhole at site.          Fig 4. (b) Location of manhole. 

 

 
 

Fig 4. (c) Location of proposed monitoring station, commercial. Red arrow marks the location of 

the manhole. 
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Fig 5. (a) Diagram of manhole at site.   Fig 5. (b) Location of manhole. 

 
 

Fig 5. (c) Location of proposed monitoring location for transportation. Red arrow marks the 

location of the manhole. 
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Fig 6. (a) Diagram of manhole at site.    Fig 6. (b) Location manhole. 

 

 
 

Fig 6. (c) Proposed monitoring location for industrial site. 
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Auto-samplers are programmed to start sampling at the predetermined rates required for analysis. 

There are two parameters for enabling auto-samplers: 

 

• Rainfall higher than 0.1 inches, to ensure a storm event is happening. 

• Increasing water level at the outlets, to ensure a measurable amount of runoff is flowing 

through the conveyance system.  

 

When these thresholds are met, the data logger prompts the auto-samplers to start sampling. To 

provide a check on quality, blank samples (Trip field sampling and laboratory blanks) will be 

collected and run through the same process as normal samples. 

 

 Container decontamination 

 

Containers will be rinsed with specific soap that is free solvents and phosphate and then washed 

by DI (Deionized) water, then submerged for 2 hours in an acid bath with 10% HCL (Hydrochloric 

acid). Finally, they will be rinsed a minimum of three times with DI water.  

 

 Sample intake location 

 

The sample intake will be placed within the main part of the flow channel at each monitoring 

station location. Intakes will be placed just above the bottom of the channel to avoid clogging and 

capturing excess sediment. 

 

 Station maintenance 

 

During dry weather periods, monitoring stations will be visited biweekly for downloading data 

and checking equipment and instruments. During wet periods, samples will be collected within 12 

hours of the completion of precipitation. Data will be downloaded and Equipment and instruments 

will also be checked during each wet weather events. 

 

 Sample preservation 

 

Storm samples will be frozen as soon as possible to preserve the sample and meet maximum 

holding times, then transported to the laboratory. The sample holding time is the allowable length 

of time between sample collection and laboratory manipulation. Sample hold times are unique for 

each analyte (Table 3). If the sample hold times cannot be met, the sample will be discarded. 

Samples of dissolved and/or orthophosphate (applicable) shall be filtered with a disposable 0.45 

µm glass fiber filter (GFF) at the laboratory prior to analysis. If laboratory analyses cannot be 

accomplished within the applicable hold time, the respective samples shall be preserved through 

freezing of the sample at the laboratory. 

 

 Equipment maintenance and cleaning 

 

Servicing of scientific instruments is conducted based on manufacturers’ methods. Generally, 

maintenance including equipment inventories, inspections, testing, and replacement of worn or 

missing components.  
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3.0 Laboratory Procedures 

 

Laboratory should provide all results and quality control data in standardized laboratory reports. 

The Virginia Tech BSE water quality laboratory will provide analytical services for the analytes 

shown in Table 3.  

 

 Particle size distribution 

 

Particle size distribution in water will be conducted using a laser scattering particle size 

distribution analyzer (PSDA) (Horiba LA-950) at Virginia Tech. First, subsamples will be spun to 

ensure a homogeneous mixture, and the middle layer of water (10–15 mL) will be siphoned out to, 

then the particle size distribution of samples will be analyzed using the analyzer (Horiba LA-950). 

Particles dived to 4 categories including clay (0.02-4 µm), silt (4-63 µm), fine sand (63-92 µm) 

and fine medium sand (92-125 µm) (Alberto et al., 2016). 

 

 Water quality parameters 

 

A list of the water quality parameters to be assessed in the laboratory, and their respective 

maximum hold times is provided in Table 3. Water samples will be preserved in a refrigerator at 

a temperature below 6°C (42.8°F) before they are analyzed. For a parameter of interest, the 

analysis sample will be gently shaken to be uniformly mixed and then subdivided into three sub-

samples of equal volume. The three sub-samples will be analyzed separately, and the three 

measured values will be arithmetically averaged and taken as the value of this parameter. All 

analysis containers will be flushed at least three times using the sub-samples before they are used.  

These instruments and methods will have the detection limits presented in Table 3. These limits 

are consistent with the U.S. Environmental Protection Agency (USEPA) water quality criteria 

(USEPA, 1992). Herein, MDL (Method Detection Limit) is the minimum concentration of an 

analyte that can be measured and reported with a 99% confidence that the analyte concentration is 

greater than zero as determined by the procedure. MDL (Minimum Detection Limit) is the lowest 

concentration of an analyte that can be accurately and precisely quantified using a given method. 

Reported Detection Limit (RDL) is the limit of detection for a specific target analyte for a specific 

sample after any adjustments have been made for dilutions or percent moisture. In this project, 

RDL will be equivalent to the MD because no adjustments will be necessary. 

  



15 

 

Table 3. Sample Preservation, Containers and Holding Time (USEPA, 1992; WSDOT, 2014a, 2014b).[1] 

Parameter  
Analysis 

Sample  
Container Preservation 

Holding 

Time 

MDL 

(mg L-1) 

RDL 

(mg L-1) 

MDL 

(mg L-1) 

Nitrogen:[2] 

Ammonia (NH3; 

NH4) 

500 ml PG 

Filter immediately 

(dissolved), Analyze 

ASAP. Cool to ≤6°C 

24 hr. 

 

0.1 

 

0.1 

 

0.2 

Total Kjeldahl 

Nitrogen (TKN) 
500 ml PG 

Filter immediately 

(dissolved), Analyze 

ASAP. Cool to ≤6°C 

28 d 0.1 0.1 0.5 

Total (TN) 

Nitrate (NO3)  

Nitrite (NO2) 

200 ml PG 

Filter immediately 

(dissolved), Analyze 

ASAP. Cool to ≤6°C 

28 d 

0.1 

0.02 

0.02 

0.1 

0.02 

0.02 

0.5 

0.05 

0.1 

Phosphorous: [2] 

  Orthophosphate 

(PO4) 

100 ml PG 

Filter immediately 

(dissolved), Analyze 

ASAP. Cool to ≤6°C 

48 hr. 

 

0.01 

 

0.01 

 

0.05 

   (TP) 100 ml PG 

Filter immediately 

(dissolved), Analyze 

ASAP. Cool to ≤6°C 

28 d 

 

0.01 

 

0.01 

 

0.05 

Total suspended 

solids (TSS) 
1 liter P Cool to ≤6°C 7 d 0.1 0.1 0.5 

Particle size 

distribution (PSD) 
2 liters PG Cool to ≤6°C 14 d N/A N/A N/A 

[1] PG: polyethylene glass; P: polyethylene; MDL: method detection limit; ML: minimum detection limit; RDL: reported detection 

limit. 

[2] The detection limits are in nitrogen and phosphorus elements, respectively. 
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Appendix A 

 
Fig A1. Delineated area shown for industrial site with an area of 0.9 ac and a slope of 6.3%. 
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Fig A2. Delineated area shown for medium density residential site with an area of 7.5 ac and slope of 10.8%. 
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Fig A3. Delineated area shown for high density residential site with an  area of 2.5 ac and slope of 7.9%. 
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Fig A4. Delineated area shown for commercial site with an area of 1.6 ac and slope of 22.7%. 
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Fig A5. Delineated area shown for transportation site with an area of 0.16 ac and slope of 6.3%.
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