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Abstract 
 
This Quality Assurance Project Plan (QAPP) was prepared by Clark County Public 

Works Clean Water Program for the Washington Department of Ecology as required by 

Section S8.F.7 of the National Pollutant Discharge and Elimination System and State 

Waste Discharge General Permit for Discharges from Large and Medium Municipal 

Separate Storm Sewer Systems. This document describes Clark County's plan for 

assessing the effectiveness of permeable pavers as a Low Impact Development (LID) 

practice.  This LID project is currently being constructed at the Vancouver Toyota 

Dealership, Clark County, Washington.   

 

The Clean Water Program will monitor precipitation volume, stormwater runoff volume, 

and onsite conditions from this site for a minimum of two years once construction 

activities are completed.  The purpose of this monitoring project is to assess the 

effectiveness of permeable pavers as a LID practice in order to provide a basis for future 

reduction of stormwater pollutants discharged to receiving waters.  The parameters 

measured will include continuous precipitation data at the site and continuous flow 

measurements from the site's storm sewer outfall.   

 

The primary goal of this Plan is to assure the delivery of defensible products and 

decisions by documenting the quality and integrity of the monitoring efforts, the 

representativeness of the results, the precision and accuracy of the analyses, and the 

completeness of the data. 

 



 



 

 1

Clark County NPDES Stormwater Hydrologic Management 
Best Management Practice (BMP) Evaluation Monitoring 

Quality Assurance Project Plan 
 

Purpose of the Quality Assurance Project Plan 

This Quality Assurance Project Plan (QAPP) was prepared by Clark County Public 

Works Clean Water Program.  The QAPP describes the quality assurance and quality 

control (QA/QC) procedures for field activities associated with stormwater monitoring 

conducted by Clark County, under Section S8.F.7. of the National Pollutant Discharge 

and Elimination System and State Waste Discharge General Permit for Discharges from 

Large and Medium Municipal Separate Storm Sewer Systems.  The primary goal of this 

Plan is to assure the delivery of defensible products and decisions by documenting the 

quality and integrity of the monitoring efforts, the representativeness of the results, the 

precision and accuracy of the analyses, and the completeness of the data. 

 

This document was developed with guidance from the Department of Ecology, 

Guidelines for Preparing Quality Assurance Project Plans for Environmental Studies 

(Ecology, 2004).   

This QAPP is organized into the following sections: 

A. Goals and objectives of stormwater monitoring program 

B. Type, quality, and quantity of data needed to meet program objectives 

C. Measurement procedures needed to acquire data needed 

D. Quality assurance and quality control procedures to ensure the Plan is 

implemented as prescribed 

E. Assessment procedures to determine if the data conform to the specified criteria 

and will satisfy the program objectives, and the analysis and format for 

presentation of the results 
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A series of Standard Operating Procedures (SOPs) are being developed to provide 

guidance to users of this Plan.  These SOPs are in draft form and are described in 

Appendix I.  Modifications may be made to these SOPs to incorporate more appropriate 

procedures for this project once construction activities are completed. 

Section A.  Goals and Objectives of the Monitoring Program 

This section covers basic program management, including history and objectives, 

delegation of responsibilities, and other details to ensure that the program is well defined 

and understood by all participants.  The following elements are included: 

3. Background and Problem Statement 

4. Program Description 

5. Organization and Schedule 

 

3.  Background 

Flow reduction strategy monitoring is required under Section S8.F.7 of Clark County's 

National Pollutant Discharge and Elimination System (NPDES)  and State Waste 

Discharge General Permit for Discharges from Large and Medium Municipal Separate 

Storm Sewer Systems (Phase I Permit).  To address this monitoring requirement, 

stormwater monitoring will be conducted at a proposed Low Impact Development (LID) 

site within Clark County. 

 

Low Impact Development practices have been developed as an innovative stormwater 

management approach to manage runoff at the source using uniformly distributed 

decentralized micro-scale controls.  The goal of LID is to mimic a site's predevelopment 

hydrology by using design techniques that infiltrate, filter, store, evaporate, and detain 

runoff close to its source instead of conveying stormwater runoff to “end of the pipe” off-

site stormwater facilities.   
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The use of LID practices, such as pervious pavers, is relatively new and not widespread 

in Clark County. As the use of LID projects become more common, studies involving 

long-term data collection and analysis of LID are needed to accurately assess the 

effectiveness of these practices.   

 

3.1.  Permit Overview and Monitoring Requirements 

The Washington State Department of Ecology (Ecology or DOE) issued the final NPDES 

and Phase I Permit on January 17, 2007.  The Phase I Permit (Permit) applies to all 

entities in Washington State that are required to have stormwater permit coverage under 

current (Phase I) U.S. Environmental Protection Agency (EPA) stormwater regulations.  

This includes unincorporated portions of counties whose populations exceed 100,000 in 

the 1990 census, specifically Clark County. 

 

In accordance with the Permit, each permittee is required to develop and implement a 

comprehensive long-term monitoring program consistent with Special Condition S8 of 

the Permit.  In general, the required monitoring program shall include the following 

components: 

 Stormwater monitoring (S8.D) 

 Targeted stormwater management program effectiveness monitoring (S8.E) 

 Stormwater treatment and hydrologic management best management practices 

evaluation monitoring (S8.F). 

 

A separate QAPP will be developed for each component of the monitoring program; this 

QAPP provides details on the hydrologic best management practices (BMPs) component 

only (S.8.F.7).  

 

Ecology requires each permittee to conduct a comprehensive long-term stormwater 

monitoring program in order to provide a basis for future reduction of stormwater 
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pollutants discharged to receiving waters.  The information obtained from this project 

will contribute to the ongoing efforts in evaluating the effectiveness of stormwater 

management practices, as well as increase understanding about potential seasonal 

patterns in stormwater character using flow reduction LID strategies. 

 

3.2.  Hydrologic Management Effectiveness Monitoring 

Under Section S8.F.7 of the Permit, Clark County is required to monitor the effectiveness 

of one flow reduction strategy addressing the following criteria: 

(1) Monitor the effectiveness of one flow reduction strategy that is in use or planned 

for installation within the county.  

(2) Monitoring of a flow reduction strategy shall include continuous rainfall and 

surface runoff monitoring. 

(3) Flow reduction strategies shall be monitored through either a paired site study or 

against a predicted outcome. 

 

Clark County will monitor, characterize, and assess the effectiveness of pervious pavers, 

a LID flow reduction strategy, and compare results against a predicted outcome. 

 

3.3.  Study Area 

The proposed project addresses the stormwater design for Vancouver Toyota car 

dealership located in the Northeast corner of section 16, township 2 north, range 2 east of 

the Willamette Meridian. The site is located north of SR-500, south of NE 53rd Street, 

east of I-205, and west of 107th NE Ave (Figure 1).   

 

The proposed project is an extension of the existing Vancouver Toyota to additional 

parcels located to the south and east (Figure 2).  The project will include a new building, 

installation of sidewalk along NE 53rd Avenue, car parking/storage area, and 

landscaping.  The size of the proposed commercial building is approximately 41,985 

square feet, and the total size of the parcels is 10.33 acres (Figure 3).   
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Existing Conditions 

The eastern half of the site is currently an unimproved field with sparse grass coverage.   

The western half of the site has been used as a parking lot and has a layer of gravel over 

existing soils.  There are no existing structures on the site.  The historical condition of the 

site was evaluated using 1974 aerial photography.  At that time, the entire site was a field 

covered with sparse grass without trees (Figure 4). 

 

There are three soil types on site; Tisch Silt Loam (ThA), Lauren Gravelly Loam (LgB), 

and Wind River Gravelly Loam (WrB).  Approximately 90% of the site is covered by 

ThA, which falls in hydrologic soil group D. Group D soils have a high runoff potential 

and a very slow infiltration rate when thoroughly wet.  The remaining soil types 

(approximately 10%) fall into hydrologic soil groups A and B which have a high rate 

(group A) or moderate rate (group B) of infiltration when thoroughly wet. Water 

movement through these soils is moderately rapid. 

 

Subsurface conditions were explored with fourteen soil test borings and were generally 

divided into three strata; fill was found at three to seven inches of depth, buried peat and 

topsoil was found about six to twenty inches below the fill, and native gravelly deposits 

were found eight to twelve feet below the buried peat and topsoil (Appendix D) 

 

Existing topography slopes slightly from the northeast to the southwest with a small 

portion of the eastern side of the site sloping towards the east.  Under these existing 

conditions, stormwater runoff will flow out the southwest and southeast corners of the 

site. 

 

Proposed Developed Condition 

Once constructed, the stormwater runoff from the building, parking lots, and the 

landscaped area will be infiltrated onsite using Eco-Loc Permeable Concrete Pavers.  

Stormwater will be treated by means of filtration as the stormwater runoff is infiltrated 

through the base course and underlying sandy soil (Figures 5 and 6).   
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As described in Appendix C, the base course is designed to store the 100-year storm (24-

hr rainfall = 4.30 inches).  The designed infiltration rate for the system is 0.5 in/hr and the 

design void ratio is 0.10.  The base course section is designed to be 12 inches deep.  The 

100-year storm runoff fills the base to an elevation of 0.37 feet from the bottom of the 

base course section. 

 

Details of the soils that will remain under the pervious pavers, base and bedding 

materials, and depths are described in Appendices A and C. Infiltration rates of the 

existing basin and pervious area can be found in Appendix B. 

 

An overflow drainage system will be included in the project.  Any runoff that does not 

infiltrate will be captured and flow downhill to the south and west margins.  Curbs along 

these margins prevent flow from exiting or entering the site.  A series of inline field inlets 

within the south and west perimeter of the site will convey any stormwater runoff that 

does not infiltrate the site to a single outfall in the southwest corner of the property 

(Figure 7).  Field inlets in this study are concrete structures fitted with a slotted grate to 

collect stormwater runoff and route it through underground 10 inch non-perforated pipes 

(Figure 8).  

 

Any runoff from the site collected by the field inlets will discharge to a single outfall 

which drains into a Washington State Department of Transportation (WSDOT) drainage 

ditch at the southwest corner of the property as indicated in Figure 8. 

 

3.3.1.  Permeable Pavement 

The term permeable pavement, or pervious pavement, is used to describe pavements that 

allow stormwater to infiltrate into a gravel filled reservoir below the pavement surface.   

This reservoir provides temporary storage of stormwater before it infiltrates into the 

subgrade or is drained away by perforated pipes.  There are three types of permeable 

pavement designs commonly used to reduce surface runoff volumes; modular 

interlocking concrete block pavers, plastic lattice of grid systems, and porous asphalt or 
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pervious concrete.  Pervious pavement in this study refers to modular interlocking 

concrete block pavers. 

 

Modular interlocking concrete block pavers consist of impervious concrete blocks that 

allow water to infiltrate into the base course through voids within or between the pavers.  

These voids are typically filled with gravels or soil and grass.  The pavement sections for 

the TOYLID project were designed to recommendations of the Low Impact Development 

Technical Guidance Manual for Puget Sound (LIDPS) dated January 2005 (Appendix G), 

and with the Interlocking Concrete Pavement Institution (ICPI) Permeable Interlocking 

Concrete Pavement Design Manual (Smith, 2006).   

 

3.3.2.  Surface Runoff Reduction 

Permeable pavement systems are intended to mimic natural hydrologic functions by 

infiltrating stormwater runoff, promoting groundwater recharge, and maintaining or 

augmenting baseflows (Appendix H).  There have been several field studies that have 

quantified the runoff reduction benefit of concrete block pavers (Booth and Leavitt, 1999, 

and Rushton, 1999).  These studies demonstrated that 80 – 97% of the surface runoff was 

infiltrated using pervious pavement making this an effective LID strategy for runoff 

management.  However, little data exists in assessing the effectiveness of previous 

pavement over time.  Recent studies have indicated that infiltration rates can be reduced 

due to clogging material filling voids within pervious pavement (Dierkes et al., 2002 and 

Hunt et al., 2002).  Clark County will evaluate the effectiveness of pervious pavement 

over time as a flow reduction BMP for a minimum of two years.  The TOYLID site 

provides the potential to monitor for longer periods. 

 

4.  Project Description 

This section describes the project goals and objectives including the information 

requirements, specific target characteristics to be monitored, and the data quality required 

to meet the project objectives.  Study area boundaries and practical constraints are also 

briefly discussed.  
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4.1.  Study Goals and Objectives 

The goal of this study is to assess the effectiveness of permeable pavers in reducing 

surface stormwater runoff and to assure the delivery of defensible products and decisions 

by documenting the quality and integrity of the monitoring efforts, the representativeness 

of the results, the precision and accuracy of the analyses, and the completeness of the 

data. 

 

The objectives of the study are designed to ensure the goals of this study are adequately 

met and include: 

1. Identify one flow reduction strategy to monitor within Clark County that is 

represented by the NPDES Phase Municipal Stormwater Permit (S8.F.7) 

2. Collect continuous flow and precipitation data 

3. Quantify the effectiveness of pervious pavers as a flow reduction strategy and 

compare results against a predicted outcome. 

4. Validate and report the monitoring results to Ecology (S8.H.1.c) 

 

4.3.  Information Requirements 

Information needed to meet the study objectives includes: 

 Land use and drainage area of selected site 

 Description of soil types, base and bedding materials 

 Continuous record of rainfall data 

 Continuous record of outfall flow data 

 Onsite surface runoff monitoring observations 

4.4.  Data Collection 

The monitoring design contains two primary components that will be conducted at the 

selected monitoring site for at least two years post construction completion: 
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 Hydrologic monitoring 

 On site observations 

 

Hydrologic Monitoring  

Hydrological information is fundamental to the assessment and management of 

stormwater runoff impacts.  Both continuous precipitation and outfall flow data are 

needed to help understand and manage runoff impacts. The hydrologic data will be 

utilized for verification of the design criteria regarding the effectiveness of the pervious 

pavers.  Hydrological data will be shared with Ecology. 

 

Hydrologic monitoring will provide the following: 

 Precipitation intensity data 

 Precipitation depth data 

 Outfall flow data 

 

On Site Observations  

Onsite observations will be critical in evaluating the success of pervious pavers as a flow 

reduction strategy.  Onsite observations, in combination with hydrologic monitoring, will 

help assess if the pervious pavers are functioning as designed.    

Onsite observations will involve the following measurements: 

 Monitoring well depth 

 Ponding water  

 Seepage from site perimeter 

 Site condition 

 Tracking of maintenance activities as described in Appendix G (if an agreement is 

reached between CWP and Vancouver Toyota) 
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4.6.  Study Area Boundary 

The study area is an expansion of the existing Vancouver Toyota car dealership (See 

Figure 3) to be completed in fall 2009.  The project will include a new building, 

installation of sidewalk, car parking/storage area, and landscaping.  The total size of the 

parcels is 10.33 acres and is zoned commercial.   

 

Once constructed, the stormwater runoff from the building, parking lots, and the 

landscaped area will be infiltrated onsite using Eco-Loc Permeable Concrete Pavers 

(modular interlocking concrete block pavers), a Low Impact Development (LID) practice.  

The pavement sections for the TOYLID project were designed by recommendations of 

Low Impact Development Technical Guidance Manual for Puget Sound (LIDPS) dated 

January 2005 (Appendix E), and with the Interlocking Concrete Pavement Institution 

(ICPI) Permeable Interlocking Concrete Pavement Design Manual (Smith, 2006).   

Low Impact Development practices have been developed as an innovative stormwater 

management approach to manage stormwater runoff.  Stormwater at the this site will be 

treated by means of filtration as the stormwater runoff is infiltrated through the base 

course and underlying sandy soil.   

 

Any runoff that does not infiltrate will be captured and flow downhill to the south and 

west margins.  A series of field inlets (Figure 7) line the south and west perimeter of the 

site and will convey any runoff that does not infiltrate to a single outfall in the southwest 

corner of the property.  Curbs along these margins prevent flow from exiting and entering 

site (Figure 8).  Stormwater monitoring wells will be installed to monitor saturation of the 

base materials (Figures 9 and 10).   

 

There is no predicted runoff from the outfall for this site for all storm events less than the 

100 year event.  However, an overflow drainage system will be present for this project. 

Any runoff will discharge to a single outfall which drains into an existing WSDOT 

drainage ditch the southwest corner of the property.  The outfall (Figures 11 and 12) for 



Clark County Clean Water Program  Toyota LID DRAFT QAPP 

   11

this site will be continuously monitored for any potential runoff volume by Clark County 

Clean Water Program.  Only runoff that enters field inlets will be conveyed to the 

monitoring vault (i.e. stormwater conveyance pipe is not perforated, therefore water 

collected/stored in base material cannot enter conveyance system to the outfall). The 

purpose of this study is to compare real world results with the design criteria for this 

project 

 

4.7.  Practical Constraints 

Monitoring may be constrained by specific characteristics of the storm drain system and 

site hydrology.  The choice of flow measurement methods and the accuracy of flow 

measurement will be limited by pipe diameter and slope, water depth, and backwater 

conditions.   

 

The limited reliability of precipitation forecasts also creates inherent logistical challenges 

for onsite monitoring during storm events.  Mobilization of field crews for a potential 

onsite monitoring event will certainly be restricted to no more than a few days prior to the 

storm, often only a few hours. 

 

4.8.  Data Collection 

The CWP will collect continuous precipitation and outfall flow data for the duration of 

the study; the study will be conducted for a minimum of two years.  Twelve site visits, 

one per month and preferably after a rainfall event, will be made each year.  In addition 

to the monthly site visits, additional site visits will be conducted during or immediately 

after significant rainfall events. Significant rainfall events are defined as any storm event 

greater than a 2 year (2.5 inches with a 24 hour period) and will be monitored onsite 

during or immediately after storm event. During all site visits, observations of site 

conditions will be noted.  These observations will include noting monitoring well depths, 

ponding water, perimeter seepage, contaminants, and any other abnormality that may 

indicate that pervious pavers are not functioning as designed. 
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4.9.  Decision Making 

This study will aid Clark County in deciding if this type of LID practice is an effective 

flow reduction BMP by evaluating the design criteria of this project under real world 

conditions of construction and maintenance. 

 

The results of this monitoring program will not be utilized to make specific decisions.  

Nonetheless, these results will allow Ecology to assess the progress that is being made by 

stormwater management programs in utilizing LID projects as flow reducing strategies, 

thereby achieving the larger goal of protecting water quality in receiving waters. 

 

5.  Organization and Schedule 

This section describes the components of the program team and schedule, including 

special training that will be required and the process of revising this document. 

 

5.1.  Roles and Responsibilities 

Table 1 defines the major aspects of the program and the responsible personnel.
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Table 1.  Project roles and responsibilities for the TOYLID project. 

Staff Title Responsibilities

Ron Wierenga 
CWP
360-397-6118 ext. 4264

Program 
Manager

Approve the final QAPP

Rod Swanson
CWP
360-397-6118 ext. 4581

Monitoring 
Coordinator

Overall management of the County’s NPDES Phase I 
compliance activities.  Monitor and assess the quality of work.  
Comply with corrective action requirements.

Chad Hoxeng
CWP
360-397-6118 ext. 4018

Project 
Manager

Develop, implement, ensure approval of, and maintain the 
Plan.  Verify the Plan is followed and the program is producing 
data of known and acceptable quality.  Ensure adequate 
training and supervision of all monitoring and data collection 
activities.    

Ian Wigger
CWP
360-397-6118 ext. 4282

Monitoring 
Lead

Manage and oversee monitoring activities, including data 
management.  

Jeff Schnabel
CWP
360-397-6118 ext. 4583

Quality 
Control 
Coordinator

Review and approve Plan and program deliverables.  Validate 
and verify data collected, and initiate corrective action as 
appropriate.

Gregory Winters
DOE
360-690-7120

Regional 
Contact

Review the draft QAPP and approves the final QAPP

Vancouver Toyota 
Site Representative

Site Manager 
Provide records describing maintenance actions.

Steve Gustafson
 WCI
360-571-2290

Principal 
Hydrologist Acquire, verify, and transfer data from field and lab.

 
CWP— Clean Water Program  
WCI — West Consultants, Inc. 
DOE — Washington State Department of Ecology 

 
 

5.2.  Schedule 

The following table indicates the estimated implementation schedule for the project, 

assuming a 2-year project length after construction activities are completed.  Anticipated 
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schedule may change due to delayed construction activities, inclement weather 

conditions, or other unforeseen reasons. 

 

Table 2.  Anticipated program schedule for the TOYLID project.. 

Calendar Year 2008 

Activity Anticipated 
Date of 

Initiation 

Anticipated 
Date of 

Completion

Deliverable Deliverable 
Due Date 

Program startup  10-01-2008 Ongoing Planning; equipment 
procurement, installation, 
and testing; staff training 

10-01-2009 

Continuous flow 
and precipitation 
recording 

10-01-2009 Ongoing Develop baseline 
rainfall/runoff relationship 

10-01-2009 

Calendar Years 2009 - 2012 

Complete 
program startup 

Continuing 05-01-2009 Monitoring equipment 
installation and testing; 
staff training 

To be 
determined 

Precipitation 
monitoring 

Outfall flow 
monitoring 

Observation well 
depth 
Seepage from 
site perimeter 

Maintenance 
records/actions 

05-01-2009 10-01 
thereafter 

05-01-2011 

Data validation As flow is 
detected 

1-30  
each year 

Stormwater Monitoring 
Report 

Reported to 
Ecology    

3-31  
each year 
starting 
2010 

 

5.3.  Special Training Needs 

Project staff will require the following training: 
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 All field personnel will receive training in monitoring equipment operation, 

maintenance, and calibration procedures. 

 All field personnel will receive training in identifying, measuring, and recording 

of onsite observations.  

 

Stormwater monitoring conditions are often wet and cold.  Additionally, field crews may 

be exposed to traffic hazards, disease vectors (e.g. snakes or rats), fall hazards, other 

hazardous materials, and slippery conditions.  In addition to technical training, field 

personnel will receive guidance that addresses specific monitoring issues that may impact 

their health and safety.   

 

5.4.  Revisions 

Ecology must review and approve this Quality Assurance Project Plan (QAPP) for flow 

reduction strategy monitoring program under Section S8.F.7 of the Phase I Permit (per 

Permit S8.C.2).  Once approved, the QAPP is a living document and will be updated 

during the course of the study whenever it is appropriate to do so.  Justification, 

summaries, and details of the updates will be documented in a QAPP Addendum and will 

be distributed to all persons on the distribution list by the Project Manager. QAPP 

Addendums will be compiled and transmitted no more frequent than quarterly. 

 

Section B.  Type, Quality, and Quantity of Data Needed 

6.  Quality objectives 

This section defines the data quality objectives for the hydrologic monitoring program, as 

well as the measurement quality indicators utilized to meet this study’s goals and 

objectives.  These data quality objectives will be achieved through adherence to the 

procedures presented in this QAPP. 
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6.1.  Data Quality Objectives 

Data quality objectives (DQOs) may be either qualitative or quantitative, and describe the 

type, quality, and quantity of data that are required to fulfill the program objectives.  

DQOs are defined for this program as follows: 

 Precision and accuracy will be known 

 Data will be generated from controlled procedures for hydrologic monitoring, 

onsite observations, and record keeping 

 Data collected will be of sufficient quality and quantity to enable calculation of 

rainfall intensity and depth, runoff volume, and peak discharge  

 

6.2.  Measurement Quality Objectives 

Measurement quality objectives (MQOs) describe measures of performance and criteria 

for acceptance that provide the basis for evaluating data quality and usability.  They 

indicate the minimum threshold levels for measures of bias, repeatability, precision, 

accuracy, and sensitivity that must be associated with the data.  These measures are based 

upon specific types of quality control (QC) measurements that are collected in the field. 

Additional criteria for completeness and representativeness of the monitoring data 

collected are also required.  Specific MQOs defined for this program for each hydrologic 

component are presented in Table 3. 
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Table 3. TOYLID project characteristics, methods, reporting, and accuracy limits. 

Characteristic Method Equipment Reporting 
Limit 

Accuracy Reference 

  Units Units or % 
error 

 

Precipitation 
(both rainfall 
volume and 
rate) - 
automated 

Tipping Bucket 
(WaterLOG H-340 gage 
calibrated to tip for each 
0.01 inch collected, 
Magnetic Reed switch 
initiates signal to 
accumulating device, 8.00 
inch diameter orifice, 
temperature range 0 to 60 
degree Celsius) 

0.01 inches 0.01 in. (@ 
4 inches / hr) 

WaterLOG 
Series, Moder 
H-340 Tipping 
Bucket Rain 
Gage Manual 
 

Data Recording  Digital Data Logger, I/O 
Modules, and Modem 
(Sutron model 9210-0000-
1 XLITE2 data logger, 
Sutron I/O modules, and 
Sutron model 8080-0005-1 
Voice Modem) 

Sensor 
dependent 
(e.g. 12.34 ft) 

Logger clock 
0.01% or 2 
seconds per 
day accuracy 
at -20 to 60 
degrees 
Celsius 

Sutron 9210 
XLITE2 
Operations and 
Maintenance 
Manual 

Stage – 
automated 

Stage Sensor –  
Submersible pressure 
transducer or bubble gage 
(Sutron Accububble model 
5600-0131 connected to 
Sutron Accubar pressure 
transducer) 

0.0001 psi 
(sensor input) 
or 0.01 feet of 
water depth 
(default 
digital sensor 
output) 

±0.01 feet for 
water up to 10 
feet deep. 

Sutron 9210 
XLITE2 
Operations and 
Maintenance 
Manual 

Air 
Temperature 
 
 
 
 
 

Therm-X Model032/ 
44010/1.5/RN/30/ST 
temperature sensor 

   

Staff gauge 
 
 
 
 
 

Type “A” 
 
 
 
 
 
 

48 inches 0.02 inches Stevens Water 
Monitoring 
Systems, Inc. 

Crest Gauge Two inch diameter pipe 
crest-stage gauge 
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7.  Monitoring Process Design 

This section describes the monitoring program, including precipitation and discharge 

measurements, onsite observations, and data collection to be taken in the field. 

 

7.1.  Hydrologic Monitoring 

A continuous rainfall and discharge record will be utilized to establish a rainfall/runoff 

relationship for this site.   

 

Water stage will be measured inside of the monitoring vault outlet structure (Figures 11 

and 12) using a 10 inch Palmer-Bowlus flume, Sutron Accububble, and a self-contained 

bubble gauge. Rainfall will be measured using a Design Analysis Model H-340 tipping 

bucket rain gauge.  Air temperature will be measured at the rain gauge using a Therm-X 

model 032/44020/1.5/RN/30/ST temperature sensor.  A Sutron model 9210 data logger 

will record the measured stage, rainfall, and air temperature data.  A 12-volt battery will 

provide the power for all instrumentation.  A battery charger will be attached to the 

battery. 

 

The rain gage will be attached to a 12” x 12” steel plate welded to the top of a 4” steel “I” 

beam.  The “I” beam will be securely bolted to the north side of the concrete outlet 

structure, extending 10 ft. above the top of the concrete.  A NEMA Type 4 steel electrical 

enclosure (H36” W24” D8”) will be attached to the north side of the “I” beam at eye 

level.  The data logger, self-contained bubbler, and battery will be installed inside of the 

locked enclosure. 

 

Type “A” staff gages on a 2” x 6” board and a 2” diameter pipe crest-stage gage will be 

attached with bolts to the inside wall of the outlet structure next to the stage sensor. 

 

All of the equipment described above is routinely used by the USGS in Washington and 

Oregon (Table 4).  
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Table 4. Additional information about the equipment being used in this project can be 
found using the following links. 
Data sheet Manual 
http://www.sutron.com/products/Accububbl
egauge.htm 

http://www.sutron.com/downloads/Downloa
dsUpdates/AccububbleManual.pdf 

http://www.sutron.com/products/XLite9210.
htm 

http://www.sutron.com/downloads/Downloa
dsUpdates/9210B%20User%20Manual.pdf 

http://waterlog.com/downloads/Brochures/H
340Brochure.pdf 

http://waterlog.com/downloads/manuals/Ent
ire%20H-340%20Manual.pdf 

http://www.therm-x.com (special order - no 
data sheet) (special order - no manual) 
http://www.plasti-fab.com/wastewater-
products/palmer-bowlus-flumes (special order - no manual) 
 

 

7.2. Onsite Observations and Data Collection 

Onsite visits will be conducted at least monthly for the duration of the study.  Onsite 

visits will include downloading data loggers and noting monitoring well depths, ponding 

water, perimeter seepage, contaminants, and any other abnormality that may indicate that 

pervious pavers are not functioning as designed.  Additionally, site visits will occur 

during or immediately after significant rainfall events. 

 

Bias 

Bias represents a difference from the “true” value and the population mean.  Potential 

sources of bias include faulty calibration of the measurement process.  Errors of bias are 

minimized through use of standardized calibration and maintenance procedures 

conducted by properly trained staff.   

 

Precision 

Precision is a measure of the repeatability of a set of replicated results, and is considered 

to represent random error in the measurement process.  Poor precision is due to 

difficulties in obtaining measurements under identical conditions (e.g. equipment 

malfunction or variability of field conditions during the time the replicate measurements 
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are collected).   Replicate measurements will be conducted in the field if flow from 

outfall is present.  The two values (measurement and replicate) will be compared to 

provide a measure of the relative percent difference between them (RPD).  In addition, 

peak flow recorded will be compared to readings from a crest gauge to compare stage 

peaks. 

[RPD = 100
2][ 21

21 x
RR

RR




].   

 

Accuracy 

Accuracy is an estimate of the closeness of a measurement result to the true value. 

Accuracy of discharge measurements is related to limitations of the equipment, 

specifically to the limits of discharge that the sensors are calibrated to operate within and 

deviation from ideal conditions, such as backwater, clogging or debris in outlet, etc.  

Maximizing accuracy of discharge is achieved by appropriate selection of measurement 

technology for the discharge conditions that will occur.   

 

Completeness  

Completeness is defined as the proportion of measurements collected relative to the total 

number planned to be collected.  Completeness represents an assessment of how field 

problems affected the success of the data collection effort.   

 

Data that are qualified but still usable according to quality control criteria that have not 

been met will be counted as valid data for assessing completeness, although data that are 

rejected for use will not be considered.  

 

Missing or gaps in continuous flow data may be substituted with onsite visual 

observation data and crest gauge data if deemed appropriate by the project manager and 

QC coordinator.  Missing or gaps in continuous precipitation data may be substituted 

with the use of other rain gauges in the area. 
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During the data validation process, an assessment will be made whether enough valid 

data exist to meet the requirements of the Permit.  If not enough valid data are obtained, 

corrective actions will be initiated by the principle investigator or a designee. 

 

Representativeness 

TOYLID data are intended to be representative of conditions at the outfall monitoring 

station.  The Clean Water Program utilizes standard monitoring procedures which are 

designed to facilitate the collection of representative hydrological data.  Hydrological 

measurements and data acquisition are performed according to standard procedures 

developed by the United States Geologic Survey (United States Department of Interior, 

1982).   

 

The frequency of automated measurements is designed to capture all important variations 

in flow and precipitation.  Automated stage recordings will be taken at minute intervals to 

compute flow variations.  Precipitation recordings are triggered by 0.01 inches of rain to 

ensure precise rainfall measurements over specific timeframes.   

 

Section C.  Measurement procedures 

8.  Monitoring procedures 

Field operations will follow specific SOPs developed by CWP, West Consultants, Inc. 

(WCI), and collaborating permittees.  This section provides an overview of the field 

procedures.  Specific details are provided in the SOPs (Appendix I).   

Field activities are documented in detail in field sheets (Appendix J) that are assembled 

into a loose leaf notebook.  Entries should be made in permanent waterproof ink, initialed 

and dated.  Corrections are made by drawing a single line through the error so it remains 

legible, writing the corrections adjacent to the errors, and initialing the correction.  Notes 

on the collection of data should be sufficiently detailed to allow a reviewer’s 

understanding and evaluation of the process. 
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Required field log entries include the following— 

 Name of program, and location of field work 

 Date 

 Identity of field crew 

 Site and climatic conditions 

 Instrument calibration procedures, if any 

 Field measurement results 

 Description of QC measurements collected, if appropriate 

 Photo location (GPS point) and direction if photos are taken 

 Unusual circumstances that may affect interpretation of data, if appropriate 

 

8.1.  Precipitation and Flow Monitoring 

Data from the rain gage and flow meter will be downloaded once every month while 

onsite observation monitoring is being conducted.  The rain gage and flow meter will be 

inspected during these site visits and serviced as needed; calibration will be conducted 

according to the recommended method and frequency determined by the manufacturer.  

 
West Consultants Inc. is under contract for installation and maintenance of the flow 

monitoring and precipitation equipment for this monitoring station.  Clark County staff 

will provide operation and maintenance. 

 

Checklists and logs are kept for all field activities.  Appendix J:  TOYLID Discharge 

Measurements Checklist lists detailed information for typical field equipment utilized in 

this project.  Logs may consist of standardized field sheets (Appendix J) as well as bound 

log books containing ancillary data and observations.  Logs are waterproof and entries are 

made with pencil or indelible ink.  Corrections are made by drawing a single line through 

the error such that it remains legible, writing the correction adjacent to the error, and 
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initialing the correction.  Records are cross-checked for consistency between data sheets, 

field logs, and other relevant data.  Log books are archived in Clean Water Program files. 

 

Section D.  Quality Assurance and Quality Control Procedures 

9.  Quality Control 

This section describes the quality control (QC) requirements for all field activities 

conducted by this program.  Data quality will be evaluated according to the measurement 

quality objectives (MQOs) described in Section 6. 

 

9.1.  Field Quality Control 

Field QC requirements include procedures for field measurement and documentation, 

data collection, field QC measurements, and corrective action for identified issues for 

field activities. 

 

9.1.1.  Field Quality Control Procedures 

Standard quality control procedures are used for field discharge and precipitation 

measurements.  This includes keeping all components of the TOYLID station in proper 

working order.   

 

Installation and calibration of all automated stage and precipitation gage recording 

stations are generally performed according to accepted U.S.G.S. standard operating 

procedures (U.S.D.I., 1982, Vol. 1).  Automated stage and precipitation sensors are 

certified to be calibrated and validated with instruments traceable to the National Institute 

of Standards and Technology (NIST). 

 

Inspection and maintenance of all precipitation and field discharge measurement 

equipment will be done during field visits.  Precipitation monitoring stations are 
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inspected and cleaned, as needed, during field visits.  Flow meters are visually inspected 

and cleaned, if needed.  These activities are used to help ensure that field instruments are 

attaining stated accuracy and resolution specifications. 

 

Stage measurements are recorded to the nearest 0.01 feet and discharge calculations are 

reported to the nearest 0.1 cubic feet per second.  Factors that may detrimentally affect 

field discharge or precipitation measurements are noted on field sheets to help interpret 

calculated estimates. 

 

To allow comparisons and to maintain reliability, the TOYLID site will be equipped with 

a 10 inch Palmer-Bowlus flume, Accububble (self contained bubbler system), staff 

gauge, and crest-stage gauge.  The gauge at the TOYLID monitoring site will be 

programmed to record the entire range of expected stages.  During field visits, the 

automated stage recorder’s latest stage reading is compared to the current water surface 

level at the gauge to ensure all instrumentation is working properly.  Downloaded data 

are organized and reviewed for completeness and reasonableness in a timely manner.  

This will help identify anomalous readings indicating problems with gauging station 

equipment or other issues affecting results.  Gauges are periodically checked by running 

levels to their reference marks.  The TOYLID site will have a crest-stage gauge to mark 

high-water levels for information backup in case of equipment failure or to mark stage 

peaks between automated data recordings. 

 

9.1.2.  Corrective Actions 

Data quality problems encountered during the measurement and calculation of discharge 

and precipitation are addressed and corrected as needed.  Generally, this could involve 

analysis of QC measurements, re-calibration of equipment, modifications to the field 

procedures, increased staff training, or by qualifying results appropriately. Corrective 

actions may also be done during field work.   
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10.  Data Management Methods 

Water discharge through the outlet pipe will be computed by developing a stage using a 

flume with known characteristics.  The stage will be measured inside the concrete storm 

outlet structure.  Discharge measurements will be obtained at various flows to develop 

the stage-discharge rating.  These measurements will be made at or near the end of the 

outlet pipe using one or several of the following methods; current meter, volumetric, or 

portable Parshall flume, or by use of a flow meter in the pump outlet hose.   

 

Stage will be measured every 1 minute however the data will only be logged when the 

stage is high enough for water to flow through the outlet pipe.  Rainfall data will be 

measured and logged every 5 minutes.   Air temperature will be measured and logged 

every 15 minutes.  Battery voltage will be logged every 60 minutes. 

 

The stage sensor will be set to read the same as the staff gage.  The staff gage will also be 

used to periodically check live readings from the stage sensor.  Peak stages recorded by 

the crest-stage gage will be used to verify peak stages recorded by the data logger. 

 

Data will be transferred from the data logger to a field computer every month and more 

often during times if flow is anticipated.  Each field site visit will include inspecting the 

crest-stage gage, checking the battery, and if possible reading the staff gage.  The rain 

gage will be kept clean and level. 

 

All recorded data will be input into Kisters, WISKI (Hydrological Data Management 

System), Biber (Discharge Measurement and Evaluation), Sked (Rating Curve Editor) 

software.  Plots and tables of all recorded data will be reviewed with corrections applied 

as needed.  Water discharge will be computed for every valid stage reading.  Precipitation 

rates and totals will be computed and compared to rainfall data collected at the nearby 

CCPW Whatley Pit (ORCHDS) rain gage.  Tables and graphs of the data will be 

provided as requested.  
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TOYLID data and field notes are recorded or retrieved, stored, and managed in both 

hardcopy and digital form at CWP.  Applicable data are entered into spreadsheets for 

summary statistic calculations including total instantaneous discharge.  West Consultants 

Inc. and the QA coordinator / project manager are responsible for validating and cross-

checking data entry and explaining any necessary data qualifiers.  Summary statistics are 

stored digitally for long-term storage, retrieval, and analysis.  Alternatively, automated 

outfall stage and precipitation measurements are digitally recorded on data loggers and 

then downloaded in the field from the outfall site onto computers for data storage.  

Outfall discharge is later computed in the office for every five minute stage value.   

 

Section E.  Assessment Procedures 

11.  Audits and Reports 

This section describes the processes that will ensure that the quality assurance procedures 

specified by this QAPP are being implemented correctly, that the quality of the data is 

acceptable, and that corrective actions are conducted in a timely manner. 

 

11.1.  Audits 

Audits are an important tool to verify that the quality assurance procedures described in 

this Plan are being adequately implemented. During an audit, the reviewer will check for 

the following— 

 Sufficient documentation of all required activity 

 Compliance with the QAPP 

 Identification and justification for any activity that is not in the QAPP 

 Correction of any problems that have been identified 
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Audits may be scheduled by request from the West Consultants Inc., monitoring lead, 

project manager, or Ecology.  The project manager will be responsible for initiating 

audits, selecting the team of reviewers, and overseeing the implementation of the audit. 

Any nonconformance to established protocols will result in appropriate corrective action.  

The results of the audit and oversight activities will be reported to the project manager, 

who has ultimate responsibility for ensuring that the corrective action response is 

appropriate, complete, and documented. 

 

11.2.  Reports   

Reports that will be generated for this program include status reports and the Annual 

Stormwater Monitoring Report. 

 

11.2.1.  Status Report 

Annual status reports compiled by CWP address project methods, summarize data 

accuracy and completeness, describe any significant data quality problems, and suggest 

modifications for future monitoring.  Reports are peer reviewed by CWP staff.  TOYLID 

project summaries are incorporated as attachments to the county’s annual NPDES permit 

compliance report to Ecology.  Executive summaries, and full reports as warranted, are 

placed on the county’s website to facilitate dissemination of information to the public. 

The hydrological data will be utilized for effectiveness of pervious pavement as a LID 

practice. For example, the data may be used to help develop regional design equations for 

LID projects. 

 

11.2.2.  Annual Stormwater Monitoring Report 

The Stormwater Monitoring Report is required to be submitted with the NPDES permit 

annual report every year (S8.H).  Each report will contain all monitoring data collected 

during the previous year (January 1 through December 31).  As appropriate, the reports 

will integrate data from earlier years into the analysis of results. 
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Reports will be submitted in both paper and electronic form and will include: 

 A summary description of each monitoring site, describing location, land use, 

drainage area, and hydrology 

 A comprehensive data report, including QA/QC, with an explanation and 

discussion of the results 

 The annual and seasonal (wet and dry) hydrologic flow data 

 

The stormwater monitoring summary description will include any new basin information 

that is not presented in this Plan, such as basin changes that may affect the hydrology. 

The data report will explain the program results, present the data, document the overall 

quality of the data (i.e. completeness, representativeness, and usability), and discuss any 

data anomalies.  The QA/QC section will include a summary and discussion of the field 

QC procedures and results, and whether the measurement quality objectives were met.  

This section will include any planned changes to the current Plan that may be appropriate 

to address QA issues that have been observed. 

 

12.  Data Verification and Validation 

This section describes the data review, verification and validation procedures that 

determine whether the data conform to the criteria required by the program objectives. 

 

12.1.  Summary of Procedures 

During each monitoring trip, field crews review field logs to confirm that all necessary 

field measurements have been collected.  Field results are reviewed, verified, and 

documented by field staff in data reports to the CWP.  Upon receipt, contracted 

hydrological data are reviewed for errors, omissions, and data qualifiers prior to data 

entry. 

 



Clark County Clean Water Program  Toyota LID DRAFT QAPP 

   29

Data review is the process of examining the data for errors or omissions.  Data 

verification is based on the QC results, and determines whether the data meet acceptance 

criteria.  Data validation includes the complete monitoring process to assess whether the 

appropriate procedures were following in collection of data. 

 

All data generated by this program will be review and verified for conformance to the 

requirements of the program.  Data will then be validated according to the data quality 

objectives described in Section 6.  Once data are found to be supported by acceptable QC 

data and to meet the specified measurement quality objectives, they will be considered 

acceptable and usable for the program. 

 

Procedures for verification and validation will be conducted according to the guidance 

provided by EPA, 2002 (Guidance on environmental data verification and data 

validation, EPA QA/G-8).  The QC coordinator, in collaboration with the monitoring 

lead, is responsible for ensuring that field data are reviewed and verified.  After each 

successful download event, the QC coordinator or designee will review rainfall and flow 

data for gross error (e.g. outliers or data gaps) to verify the completeness of the data.  The 

monitoring lead will also check to see that flow measurements were collected in 

accordance with required criteria. 

 

12.2.  Methods of Verification and Validation 

This section presents a brief overview of the methods that may be used for verifying and 

validating data, including the input that will be necessary, the specific methods to be 

used, and the output from the verification process. 
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12.2.1.  Data Input 

A variety of records will be necessary for electronic data downloads, data input 

verification,  and data validation.  These could include, but are not limited to, the 

following— 

 Field logs 

 Electronic data transfer 

 QC results 

 

12.2.2.  Data Verification Methods 

Data verification methods will be documented throughout the course of the process, and 

may be revised as appropriate to the situation.  Data verification involves examination of 

results collected during the project to provide an indication of whether precision, bias, 

and accuracy MQOs have been met.  To evaluate whether precision targets have been 

met, pairs of duplicate discharge measurement QC results are compared by estimating 

their relative standard deviation (RSD).  Duplicate discharge measurements will consist 

of staff gauge observations and crest gauge observations compared to flow meter data 

during discharge events.  The RSD is calculated by dividing the duplicates’ standard 

deviation by their respective mean.  Converted to a percent of the mean, it is used to 

judge whether the %RSD precision target has been met.  Generally, for TOYLID 

discharge estimates this target is 5%. Bias (systematic error) will be kept to a minimum 

by careful adherence to standard operating procedures.   

 

Data validation consists of a detailed examination of the complete data package using 

professional judgment to assess whether the procedures in the Standard Procedures and 

QAPP have been followed.  Data validation is performed by West Consultant Inc. and the 

project manager / QA coordinator during the preparation of annual reports. 

These methods will include— 

 Identification of data gaps or missing data 
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 Identification of data anomalies or outside the limits of reality 

 Cross checks with field sheets and calibration records 

 Evaluation of expected patterns versus observed 

 Evaluation of QC results (within acceptable criteria?) 

 Comparison of TOYLID rain gauge with other nearby rain gauges 

 

13.   Data Quality Assessment 

Once data have been verified and validated, the final data quality assessment is 

conducted.  The Data Quality Objectives defined in this Plan (Section 6) must be satisfied 

in order for the data to be considered usable for meeting program objectives.  The main 

goals of this assessment are to determine if the data meet the quantity of measurements 

required and is representative of stormwater runoff conditions of the site. 
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Figure 1.  Vancouver Toyota 
Site vicinity map. 
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Figure 2.  Existing 
Vancouver Car 
dealership and planned 
expansion to additional 
parcels. 
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Figure 3.  Existing 
Vancouver Car 
dealership and 
planned expansion 
with new building 
to additional 
parcels. 
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Figure 4.  1974 site 
conditions consisted of 
field covered areas. 
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Figure 5.  Cross section view of Eco-Loc 
Permeable Concrete Pavers and underlying 
base materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Cross section view of 
Eco-Loc Permeable Concrete 
Pavers and underlying base 
materials from approved plans. 
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Figure 7.  Site plan for the Vancouver 
Toyota site.  Red arrows represent 
stormwater infrastructure (10 inch non-
perforated pipe) that will direct any 
overflow collected from field inlets 
(represented by blue squares) to a 
monitoring vault (4x5x4 foot concrete vault 
represented by green rectangle).  Black 
arrow at monitoring location represents a 10 
inch pipe outfall from monitoring vault to 
existing WSDOT drainage ditch.  
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Figure 8.  Field inlets in this study are a concrete structure fitted with a slotted grate.  The field inlet is designed to collect stormwater runoff the does not infiltrate site and route it through underground  
10 inch pipes as seen in photos A and B.  Field inlets at this site are located within south and west concrete curb perimeter of the site as seen in photos B and C. Field inlets will convey any stormwater  
runoff that does not infiltrate the site to a single outfall in the southwest corner of the property (see Figure 7). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Monitoring wells in this study are a 10 inch perforated pipe of various depths that penetrates base material as seen in photo A.  Monitoring wells are enclosed in a concrete structure and have a solid lid as seen 

In photos B and C.  Monitoring wells are an accurate way of determining the depth of water stored in the base material. 
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Figure 10.  Site will contain six observation 
monitoring wells (outlined in red).  
Monitoring wells (MW 1 - MW 6) are 
designed to penetrate sub base materials into 
existing soils. Photo of monitoring well can 
be seen in Figure 9. 
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Figure 11.  Proposed monitoring location for the Vancouver Toyota Site outfall and rain gauge. 
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This will be 
a solid lid 

Figure 12.  Proposed access vault and monitoring station for the Vancouver Toyota site. 
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A. Scope and Application 

This Standard Operating Procedure (SOP) applies to those activities that involve the 
collection of continuous discharge data at NPDES monitoring sites on streams, 
stormwater conveyance systems and BMP’s.  It describes equipment and site 
selection factors, installation, operation and field measurement techniques.   A 
continuous flow monitoring station is commonly called a stream gage or gaging 
station. 

The NPDES municipal stormwater permit calls for permittees to develop and 
implement a comprehensive long term water quality monitoring program. The 
monitoring program has two elements: stormwater and receiving water monitoring, 
and BMP effectiveness monitoring.  Both elements require the production of 
continuous records of discharge in the stream channel, stormwater conveyance 
system, or BMP.  The equipment and methods used must enable the collection of 
flow-weighted composite storm samples, base flow samples, and the production of a 
time series data set of flow rate.  From the flow data set flow durations and volumes 
can be calculated and hydrographs produced.  

 

Storm runoff and base flow is collected and transported through natural channels, 
ditches, culverts and engineered pipe and treatment systems. Each monitoring site 
will have individual characteristics that require a specific configuration of equipment 
and installation that best enables the collection of accurate flow data.  A successful 
location for continuous flow monitoring features stable hydraulics and either a 
convenient place to directly measure discharge or the ability to install a primary flow 
measuring device such as a flume or weir.  These factors are less important to the 
selection of a water quality monitoring site representative of a specific land use or 
activity.  If an important product of the monitoring is a calculation of pollutant loadings, 
the importance of selecting a location that provides accurate determination of 
continuous flow should not be discounted. 

 

B. Associated Documents and SOPs 

The United States Geologic Survey Water Resources Division is a rich source of 
guidance for establishing and operating continuous discharge monitoring stations. 
The Techniques of Water-Resources Investigations chapters cited in the references 
can be accessed and downloaded at: 

URL: http://pubs.er.usgs.gov/usgspubs/index.jsp  

King County Water and Land Resources Division, Science Section stream gaging 
program guidance documents, unpublished: 
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• General Gage Maintenance and Data Workup Procedures 
• Protocol for Measurement of Streamflow at King County Surface Water 

Monitoring Sites 
• Protocol for Field Visits to King County Surface Water Flow Monitoring 

Sites 
• STREAM GAGE DATA WORKUP QA/QC 

 
 
 
 

 Units 

Hydrographers in the United States are accustomed to using English engineering 
units.  That custom is continued in this document.  Distance is in decimal feet.  
Volume uses cubic feet.  These can be converted to S.I. for the project. 

C. Method Summary 

Continuous flow monitoring involves using electronic equipment to measure and 
record flow in a stream or other conveyance.  Flow may be measured using a water 
level sensor, or via an ultrasonic Doppler signal or electromagnetic sensor to 
measure velocity directly.  A programmable data logger is used to convert the signal 
to recorded flow values, which are recorded at set time intervals.  Flow can be used 
to trigger an automated sampler after a set volume has passed. 

In the case of a level sensor, a relationship between the water surface elevation and 
the flow rate (stage-discharge relationship) is developed using various generally 
accepted techniques.  The stage-discharge relationship represents the sum of the 
various forces that make water move or resist movement, primarily gravity and 
channel friction. It is expressed as an array or a mathematical function.  Continuous 
stream flow is calculated by using the stage-discharge relationship to match a 
specific water level with a corresponding rate of flow.  The automatically calculated 
flow rate may be adequate for producing flow weighted composite samples, but post 
processing is usually necessary to produce an accurate flow record and may involve 
using velocity as an index of flow.  The procedures and tasks involved with a stream 
gage are designed to accurately measure and record water level and determine the 
stage-discharge relationship at the site. 

In the case of direct measurement of flow via ultrasonic or electromagnetic devices, 
the sensor may be integrated with a level sensor that is used in conjunction with 
channel geometry to calculate area; in combination these are called area/velocity 
(A/V) sensors).  The signal is processed according to the geometry of flume, weir, or 
stream, in a similar manner as that used for a simple level sensor.  The equation will 
be specific to the sensor signals and the confinement (flume, weir, or open channel) 
geometry. 
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Mechanical propeller-driven flow meters are often used for instantaneous open 
channel stream flow measurements, but are rarely if ever used for continuous flow 
logging. 

D. Definitions 

BMP 

Best Management Practice.  An engineered stormwater control or treatment 
designed to effect an improvement in water dynamics or quality.  

Control  

designates channel characteristics that determine the stage-discharge relation at the 
gage.  Control geometry may be a consequence of natural constriction of the 
channel, an artificial structure, or a uniform cross section over a long reach of the 
channel.  Other factors affecting a control include local and downstream obstructions, 
slope, vegetation, and shifting bed load. 

Control structure  

a structure on a stream or canal that is used to regulate the flow or stage of the 
stream or to prevent the intrusion of salt water.  

Cubic foot per second  

(ft3/s also CFS) is the rate of discharge representing a volume of 1 cubic foot passing 
a given point during 1 second and is equivalent to 7.48 gallons per second or 448.8 
gallons per minute or 0.02832 cubic meter per second.  

Discharge  

is the volume of water (or more broadly, volume of fluid plus suspended sediment) 
that passes a given point within a given period of time.  

Flow Meter 

An instrument for measuring the amount of fluid that travels past a given location.  
May be a combined flume or weir with water level sensor that can be programmed to 
compute discharge from the sensed water level, or may involve electronic 
measurement of flow via an ultrasonic signal or electromagnetic interaction.  In any 
case, the flow measurement device is interfaced with an electronic data logger. 

Gage height  

(G.H.) is the water-surface elevation referred to some arbitrary gage datum. Gage 
height is often used interchangeably with the more general term "stage," although 
gage height is more appropriate when used with a reading on a gage.  See Stage 
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Gaging station  

is a particular site on a stream, canal, lake, or reservoir where systematic 
observations of water level are obtained.  

Instantaneous discharge  

is the discharge at a particular instant of time.  

Mean discharge  

Arithmetic mean (average) discharge during a specified period.  Depends on 
averaging period.  Stream discharge is usually logged at 15 minute intervals; Small 
area (e.g. 5 to 10 acre) stormwater discharges may need to be logged at 5 minute 
intervals.  Daily mean is the arithmetic mean of all readings in a 24-hour period.  
Other means may be by month, season, wet year, or any other desired designation. 

Stage  

Stream stage (also called stage or gage height) is the height of the water surface, in 
feet, above an established datum plane where the stage is zero. The zero level is 
arbitrary, but is often close to the streambed (USGS ref). See Gage height  

Stage-discharge relation  

is the relation between gage height (stage) and the volume of water per unit of time 
(discharge) flowing in a channel.  

Streamflow  

is the discharge that occurs in a natural channel. Although the term "discharge" can 
be applied to the flow of a canal, the word "streamflow" uniquely describes the 
discharge in a surface stream course. The term "streamflow" is more general than 
"runoff" as streamflow may be applied to discharge whether or not it is affected be 
diversion or regulation; and runoff may be sheet flow or channelized.  

Velocity meter  

electronic instrument used to determine water velocity, using an ultrasonic Doppler 
signal, an electromagnetic field, or a propeller .  

Water year  

is the 12-month period, October 1 through September 30. The water year is 
designated by the calendar year in which it ends and which includes 9 of the 12 
months. Thus, the year ending September 30, 1992, is called the "1992 water year."  
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E. Safety and Hazardous Materials Management 

The following are general health and safety guidelines.  These guidelines will be read 
and understood by all members of the sampling crew prior to any sampling activities. 

• Sampling personnel will wear chemical-resistant gloves whenever coming 
into contact with potentially hazardous water. 

• No eating, drinking, smoking, or tobacco chewing by sampling personnel will 
be allowed during active sampling operations. 

• All sampling operations will be conducted during daylight hours. 
• All accidents, “near misses,” and symptoms of possible exposure will be 

reported to a sampler’s supervisor within 24 hours of occurrence. 
• All crewmembers will be aware of the potential hazards associated with any 

chemicals that may be used during the sampling event. 
 

Several hazards are inherent to streams and river sampling.  Vehicle safety and 
specific streams/rivers hazards are discussed below. 

Vehicle Safety 

As a provider of various public services, King County holds safe operation above all 
other performance criteria.  All vehicles and equipment will be operated or activities 
performed in a manner that reflects the highest regard for safety of the public, the 
employees and the property of our citizens and organization.  In the operation of King 
County vehicles and equipment, every courtesy and consideration should be given to 
motorists, cyclists and pedestrians with whom we share the streets and highways.  
No act that endangers the public well being or our employees will be tolerated.  
Unsafe equipment should be reported to the appropriate vehicle supervisor.   

As an employee driving a King County vehicle you should be familiar with and 
practice the principles of defensive driving – that is, to make every effort to avoid an 
accident.  Always be prepared to yield. Your driving safety depends on good driving 
attitudes consisting of skillful and defensive driving, obedience to traffic laws and 
courtesy to other drivers.  Driving demands full concentration.  The safe driver, in 
assuming the responsibility of operating a vehicle, knows the rules of the road, 
focuses full attention on driving and uses techniques that will help avoid emergency 
situations.   

All persons operating King County vehicles should at all times drive carefully and 
prudently, having regard for traffic conditions and all other circumstances. 

Stream and River Hazards 

There are many hazards associated with stream gaging.  Some of these hazards 
include traffic, fast moving or deep water, steep slopes to sampling sites, and hostile 
dogs or people.   Use extreme caution when exiting vehicles, walking along busy 
highways or measuring from bridges.  Orange reflective safety vests are required 
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when operating in the road right-of-way.  Fast moving water can cause the 
monitoring personnel to lose balance and fall into the water.  This can result in injury 
or drowning.  Many of the sampling sites require personnel to walk over riprap or 
other extremely rough and slippery terrain.  Extreme caution combined with slow 
movements can minimize potential injury.   Be aware of your surroundings and 
potential presence of other people, especially under bridges or in culverts.  Each field 
scientist will use her or his best judgment to determine the safety of sample collection 
at any particular site and may choose not to engage in sampling operations. 

F. Stream Gage Site Selection 

The key factor to siting an accurate stream gage is the hydraulic control.  In a natural 
channel, this is the feature that physically affects the water surface elevation and 
creates the stage-discharge relationship.  In an engineered conveyance, it is the 
artificial structure that controls the water level.  A site with consistent hydraulic 
conditions will give the most accurate flow data over a range of conditions with the 
least effort.  Other factors such as access and right of entry and potential cost of the 
installation must be considered. 

 
• Open channel sites use a series of measurements made over as full a range as 

possible in stage of the stream plotted against the corresponding stages to define the 
stage-discharge relation. The stage-discharge relation will be stable if the hydraulic 
characteristics of the general reach of stream are unchanging and the bed material 
does not move appreciably. For measuring flow by wading with a meter, choose 
sites with a generally straight course and where the flow is contained in a single 
channel, free of large woody debris and large in-channel rocks that can create 
turbulence, back-flow, or dead-zones.  Slope should be gentle; too steep slope will 
result in critical flow exceedance, and the stage-discharge relationship may be poor.  
The channel should not be altered by frequent sediment deposition or erosion.  A 
pool behind a rock outcrop or other constriction is a good location for gauge 
placement, but not for flow measurement. Vegetation growth on the stream bank 
should not impede the water velocity or contribute flow-impeding debris to the 
stream.  Downstream conditions such as log jams can create a variable hydraulic 
condition so that the stage-discharge relation will be unstable, changing with time 
and with the flow conditions.  A channel with a stable hydraulic control may have its 
stage-discharge relationship defined with as few as six or eight direct measurements 
of discharge and produce reliable data if the measurements cover a wide 
representative range of stage heights.  A site with unstable hydraulics may require 
weekly discharge measurements to produce a data set with barely acceptable 
reliability.  In either case, a good location for making cross section measurements of 
discharge in all flows must be available. 

• Flow through pipe systems may be measured at access points such as catch basins.  
Choose locations with sufficient head loss in the outlet pipe that the flow through the 
pipe can be calculated by measuring water level at the entrance (inlet control).  
Turbulence in the catch basin will degrade the accuracy of the water level 
measurements.  It is difficult to accurately measure flow at the outlet to a pipe 
system.   
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• Primary control devices such as flumes and weirs may be constructed or installed in 
open channels or catch basins to provide a stable hydraulic control.  Weirs are small 
dams with engineered openings or notches designed to accommodate the expected 
range of flows.  Channels with a high sediment or bedload are not appropriate for 
weirs because the sediment will be trapped and build up behind the weir making it 
less accurate.  Flumes are designed constrictions in the channel that produce specific 
hydraulic conditions that enable flow to be determined from water level.  Flumes 
pass sediment through better than weirs, and can retain accuracy in variable 
backwater conditions when A/V sensors are used, but not when level sensors alone 
are used.  Weirs and flumes take considerably more effort to establish than using 
existing hydraulic conditions, but they can make a poor flow measurement site into 
an acceptable one. Care must be taken to choose the appropriate device and size it 
correctly for the specific conditions at the site.  

 

G. Apparatus, Equipment, and Consumables 

Installed equipment will include a data logger or flow meter and a water level sensor.  
Other sensors that measure parameters such as precipitation and air and water 
temperature may be installed and recorded by the data logger.   

• Each site will require specific tools and supplies depending on the installed 
equipment and design.  Tools include the following: 

• Portable computer, preferable weather resistant for communication with data 
logger 

• Various interface cables for specific instruments 
• Multimeter for circuit checking and monitoring battery voltage. 
• Flow measuring equipment 
• Water quality instruments 
• Thermometer 
• 25 foot steel tape, engineering units 
• screw drivers, including a small one for terminal blocks 
• small wrenches, hex and open end 
• Five gallon bucket for flushing wells and making volume measurements 
• Ladder 
• Writing instruments, and field sheets and clip board 
• Flash light and head lamp 
• Water proof boots and chest waders 
• Umbrella 
• Shovel and brush removal tools 
• Supplies include: 
• Desiccant for the enclosure and if required for instrumentation 
• Batteries 
• Lubricant for locks and enclosure gaskets 
• Electrical and duct tape  
• Cork dust for crest stage gage 
• Field Sheets and flow forms, writing instruments for waterproof paper  
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Procedures 

Installation 

Datum 

For an open channel, establish a reference point (gage datum) from which to 
determine water surface elevation.  This may be a post driven into the channel until 
stable, or an existing permanent structure.  A staff plate may be installed to read the 
water level directly, or a point to measure down to the water surface may be used, 
e.g. from a bridge.  It is important to establish this setup correctly so it can be 
maintained for the life of the gage.  The datum may be given an arbitrary elevation or 
tied to a known benchmark elevation.  If a staff plate is installed in the channel, then 
that scale becomes the reference for all other water surface measurements at this 
location.  It is not necessary to survey the actual elevation of the gage datum unless 
the study requires that information.  A rod and sighting level should be used to 
establish reference points on the gage structure, stilling well, and other points 
independent of the gage.  The points on the gage structure will be used to measure 
water level. Two measurement points should be established so that field personnel 
have an alternative if one point is unavailable. Observing stream stage from both 
measurement points each site visit will verify the stage observation. The independent 
points can be used to reestablish the datum if the gage structure is damaged. 

For a weir or flume with a level sensor, the zero water level point is synonymous with 
zero flow.  The ideal setup is in conjunction with a submerged level sensor – behind 
the weir, or in a stilling well attached to a flume.  In either case, the signal from the 
level sensor must be compensated for in the data logger, to represent zero when the 
water level is zero.  The geometric relationship between a weir notch or flume 
geometry will define the stage to flow relationship.  Ideally this will be calibrated by a 
dynamic flow test prior to installation.  Weirs and flumes must be maintained at level 
in the field, in both horizontal axes. 

Instrument Shelter 

Install the housing for the recording equipment well above the highest water level 
expected.  If the flow recorder is going to interface with an automatic sampler, cabling 
between the two will be necessary.  At a catch basin location, all equipment may be 
installed below basin cover, depending on particular logistics, but access to the 
equipment will be difficult and everything gets wet and dirty.  Confined space entry 
requires special safety considerations, and should be avoided whenever possible.  
Above grade instrument shelters are preferable. 

 

Stilling Well 

The water level sensor works best if it is installed in a stilling well.  The stilling well is 
a chamber that is attached to the main flow channel by a small orifice.  The stilling 
well protects the sensor and dampens the short term surges in water level due to non 
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flow related effects.  The water level measured in the stilling well becomes the 
primary record of the stream gage.  The stilling well should extend below the lowest 
expected water level so the sensor is always in water.  The design should allow the 
well to be cleaned of accumulated sediment.  The sizing and placement of the stilling 
well will depend on the specific site conditions.   

One of the gage reference points should be the top of the stilling well so that a 
determination of the water level the sensor is measuring can be made.   

In an open channel or ditch, a 1.25” – 2” diameter drive well point can be driven into 
the streambed and used as the base of a stilling well.  In a catch basin a 2” – 6” 
diameter pipe can be bolted to the chamber wall or attached to an existing structure 
such as a ladder.  Proper placement of the stilling will behind pipe inlets and artificial 
controls such as weirs and flumes is important for accurate determination of the head 
value used in the rating formula for the structure.     

Water Level Recorder 

Choose a data logger and water level sensor matched to the project requirements 
and monitoring site characteristics.  The water level instrument should have a system 
accuracy of +/- 0.01 feet.  Sigma, Marsh McBirney, Isco, Global Water, and Campbell 
Scientific flow meters, pressure sensors, and data loggers can be used to measure 
flow, and be programmed to drive automatic samplers and interface with a variety of 
telemetry options.  Use a digital shaft encoder with a float and pulley to make the 
most accurate water level readings if that is a priority.  Pressure sensors are 
commonly used to record water level.  Properly installed with a quality data logger 
they can give +/- 0.01’ accuracy or 0.1% of the full scale range.  Submersible 
pressure sensors measure water level directly and are either sealed or vented.  
Vented sensors which automatically adjust for the effect of atmospheric pressure on 
the water pressure are best where the results will be used immediately to calculate 
discharge.  Care must be taken to keep the vent tube dry to prevent sensor 
malfunction.   Sealed or non-vented sensors must be corrected for barometric 
pressure before the data can be used.  External pressure sensors, commonly called 
bubblers, measure the pressure required to push a gas (most conveniently ambient 
air) into the water column.  The advantage of bubblers is that a small vinyl tube is the 
only element submerged and it may be easier to install than a submersible sensor.   

An installation with wireless or telephone telemetry can improve reliability of the data 
collection. 

Site Documentation 

Create a thorough record of the site characteristics.   Include qualitative and 
quantitative descriptions of the structures, equipment, instruments, channel or 
conveyance and hydraulic control.  List personnel involved with the project and their 
contact information.  Obtain latitude/longitude decimal degrees or State Plane 
coordinates for the location from GIS or GPS.  Specify the datum type.  Describe the 
location with address and driving directions.  Include any information necessary for 
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accessing the site including parking location and any issues with neighbors.  If the 
project requires altitude include that.  Document the benchmarks and levels of the 
reference gage and any other points used to measure water level.  Include the 
anticipated locations and methods for measuring discharge in different flow 
conditions.  Take photographs of the site. 

 Station Log 

Create a station log with an all weather notebook or custom form.  The log is left 
secured at the station, and each site visit is noted with date and time, staff name, 
stage, and any activities, including remedial/maintenance. 

 

Field Procedures  

Site Visits  

General  
Field staff visits to the NPDES monitoring sites will maintain the stream gage as well 
as water quality sampling equipment and making in situ measurements.  Stream 
gage maintenance can be fit in around the other activities.  Briefly, the stream gage 
site visit includes an observation of stream stage, maintenance of the data logger 
and water level sensor, measurement of discharge, and maintenance of the hydraulic 
control.  A visit may include checking the stage to flow relationship, especially after a 
sever storm. 

Time 
Time series data do not adapt to adjustments in time zone such as Daylight Savings 
Time (DST).  Field staff should agree on a time convention and always note the time 
convention used, e.g. Pacific Standard Time (PST), DST, Coordinated Universal 
Time (UTC).    

Field Notes  
A standard form should be used for stream gage field notes. One can be purchased 
from a supplier of hydrologic equipment or one can be designed in house.  In either 
event, forms should be printed on waterproof paper.  Field notes should be legible 
and complete.  Time should be noted to the nearest minute.  Any computations used 
to derive values should be made on the field notes.  Note the weather, general flow 
conditions, any adjustments made to the equipment. High water marks and debris 
accumulations should be noted.  The field notes may be considered legal documents 
for the purpose of the NPDES Municipal Stormwater permit.  As such, original 
observations should not be erased.  If a notation is in error, it should be crossed out 
and the correct observation noted.   
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Observe Stage Height  
Observe the stage height at the reference gage and in the stilling well before altering 
any equipment or conditions.  Note the stage height to the nearest 0.01 feet.  If there 
is uncertainty in the observation, note that with a +/-, e.g., 4.23’ +/- 0.02’.  Where 
stage height is determined by taping down from a point, note the datum and show 
the calculation. Other parameters such as air and water temperature should be noted 
at this point. For each site visit the stage height should be noted even if nothing else 
is done.  This will increase the accuracy of the continuous water level record. 

Data Logger 
 
Data from the data logger may be downloaded to a laptop computer or other device 
at every visit, if necessary at this point.  This should be done as a safety backup, 
even if data are normally downloaded via modem.  Connect to the data logger with a 
field computer and note the live readings on the field sheet. The difference in the 
recorded elevation from measured gage height (offset) is computed and compared 
with previous visits. An inordinate change in offset between visits indicates that water 
elevation sensor installation is not working correctly and a repair should be made. 
Download the recorded values and view a plot of the data. The plot should be 
smooth and sensible. If there were any sudden jumps in water level, investigate to 
see if it was due to the water level sensor changing its relative position.  Make sure 
the timestamp for the last recorded value corresponds with the expected time.  The 
field sheet should be designed to prompt the calculations to assess sensor accuracy. 
This is the time to investigate any anomalies in the data.   

 

Perform maintenance to the equipment.  Change batteries and desiccant.  Check 
electrical connections.  Remove dirt and insects from the housing.  Make sure flow 
control devices (weirs and flumes) are level.  If larger repairs are needed, note the 
details on the field sheet. Restart the data logger if necessary, monitor and note the 
initial reading and observe and note the stream stage. 

Measure Flow 
Depending on the installation, a direct measurement of discharge may be necessary 
to verify or establish the stage-discharge rating.   Flow measurements will use the 
wading cross section method and the USGS mid-section method of calculation.  
Most agencies have procedures established based on the specific equipment they 
own.  Price AA and Pygmy current meters come with standard ratings and require no 
additional calibration as long as they pass the recommended spin tests.  Other 
meters require that the manufacturer specified calibration procedures be followed.  
Use a top set wading rod to speed the placement of the current meter in the vertical 
profile.  Make observations of gage height before and after the measurement.  Do not 
depend on the water level recorder to provide the gage height.  When measuring low 
flows, make a determination of the gage height or point of zero flow (gzf or pzf) to 
assist in extending the rating below the lowest flow measurement.  Any 
measurement should follow the process described below.   
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Wading Cross Section Measurement Steps. 

• Prepare the velocity meter.  Assemble the parts and perform the 
manufacturer specified tests to verify operation.  Note the results on 
the field notes.  If the flow meter does not pass the operation tests or 
appears damaged, do not perform the measurement until a repair is 
made and the meter is operating correctly. 

• Choose a cross section that is straight and free flowing upstream and 
downstream.  Best accuracy is obtained by measuring where the 
stream can be waded.  There should be no tributaries or diversions to 
the stream between the point of interest (e.g. gage location) and the 
cross section.  The cross section should be located in a straight reach 
with flow direction parallel to the channel.  The channel should have 
a smooth stream bed and be free of obstructions that create 
turbulence.  Water depth should be adequate for the velocity meter to 
work accurately.  Since few streams offer an ideal cross section find 
the section that best meets the guidelines.  Some modifications to the 
channel can be made to improve the measuring section.  It is not 
necessary to use the same cross section location for all flow 
measurements.  A particular location in the reach may be 
advantageous for measuring low flow but present problems 
measuring higher flows.  Use of the same cross section for high flows 
may assist in estimating flows above the highest flow measurement.    

• When a measurement section has been found, stretch the tape across 
at right angles to the flow.  Note the overall width and determine the 
average spacing of the subsections. Record the gage height, time, and 
edge of water (right or left facing downstream), date, party, type of 
meter.  Place the wading rod in the first section and record the depth 
as read on the rod (do not read water pile-up on the rod as part of the 
depth) and the distance along the tape. It is good practice to minimize 
the distance from the edge of water to the first and last sections in 
order to minimize the area of flow not measured. 

• Use the scale located near the top of the wading rod to set the velocity 
meter at the proper measuring depth. If the depth is less than 2 feet, 
set the scale to the depth directly. This will adjust the velocity meter to 
the proper 0.6 of the depth below the surface. If depths are greater 
than 2 ft., then velocity measurements at 0.2 and 0.8 of the depth 
below the surface are made and the velocities averaged. To set the 
meter 0.8 from the surface, set the scale at half the measured depth. 
To set the meter for 0.2 from the surface, set the scale at twice the 
measured depth. Velocities are averaged over 30 seconds per 
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measuring point. Note the angle of flow if it deviates noticeably from 
the perpendicular and multiply the subsection flow by the cosine of 
the angle.  Angle multipliers are indexed on the edge of the standard 
stream gage field sheet.   

 

• Proceed to measure at the rest of the sub-sections. Vary the width of 
the individual sections to work around obstacles.  Sections should be 
closer in deeper, faster flow.  The goal is to have no more than five 
percent of the total discharge from any individual section.  Note the 
gage height, time and edge of water at the end of the measurement.  
The summation of the sub-interval discharges is the total discharge.   

• Perform a post measurement operation test of the velocity meter and 
note the results. Note the stream gage height.  

• One out of every ten integrated stream flow measurements should be 
repeated independently by other field staff.  It is functional to have 
the flow measurer and data recorder exchange rolls.  Integrated 
stream flow relative percent difference should not exceed ten percent. 

• During periods of rapidly changing stage, accuracy may be improved 
by completing the measurement quickly.  Reduce the time used to 
average the velocity measurements and reduce the number of cross 
sections.   

• A flow calculating database routine, computer program or 
spreadsheet template is used to calculate and sum the sub-interval 
values.  It is good to calculate the discharge in the field and compare 
the results to previous measurements and the rating curve.  In any 
case, the flow should be worked up and reviewed as soon as possible. 

• The measurement quality should be rated as excellent, good, fair, or 
poor based on the observations that comprise the measurement: 
determination of depth and measurement of velocity.  A measurement 
in ideal conditions, a smooth stream bed, adequate depth, and even 
sub critical flow should be rated excellent.  Measurement of a 
shallow stream cascading over cobbles will have a large error in 
determining both depth and velocity and should be judged poor. 

Indirect methods.   
Indirect methods of measuring discharge are available for determining peak 
discharge in open channels and culverts when it was not possible to measure a high 
flow.  Careful survey of high water marks will make calculation as accurate as 
possible. 
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Volumetric measurements.   
Volumetric measurements of flow are a good way to determine low flows.  Discharge 
less than 0.4 cfs can be collected in a bucket from a pipe outfall, V-notch weir, or 
flume.  To make a measurement, start a stop watch the instant the bucket begins to 
collect flow and stop the watch when the bucket is removed.  Volume can be 
determined by weighing the water with a hanging scale or use a calibrated bucket.  
Multiply pounds of water by 0.016 to get cubic feet, or gallons by 0.1337 to get cubic 
feet.  Divide by the seconds the bucket filled to produce flow in cubic feet per second.  
Perform the test three times to verify the measurement.  

Maintain Hydraulic Control  
Sticks, vegetation and garbage can accumulate on the hydraulic control and affect 
the stage discharge relationship.  It is standard to clean this debris after any 
measurement of discharge so the stream stage will not be changing in response to 
the cleaning during the measurement.  If the impoundment behind the hydraulic 
control will drain quickly, the control can be cleaned before the measurement as long 
as the stream stage is stable when the measurement is started. 

It is crucial that accurate observations and notes be made documenting the 
conditions affecting the hydraulic control. 

Data Reduction, Reporting, Review and Documentation 
 

Data Storage 

Set up a paper file folder for each site.  Paper files include the field notes, station 
description, charts of continuous stage data, data reduction notes.   

Electronic data files downloaded from data loggers should be named systematically 
(typically incorporating the download date/time) and stored on a computer or network 
hard drive that is backed up regularly.   

Electronic data should be stored in a relational database.  The database requires an 
interface application that at a minimum has the following features: 

• Each site is represented uniquely and data for that site associated with it only.   
• The application will create discharge rating tables from entered points, create tabular 

printouts of the rating for reference, and compute flow by applying the rating to a 
continuous gage height record.   

• The application allows the user to make adjustments to the gage height record to 
correct stage height errors and apply rating shifts.   

• The application has a system for tracking and reporting data workup settings and 
updates. 

• The application will provide for input of field observation data and notes as well as 
discharge measurement summary results to separate tables. 

• It will provide a method for data to be flagged with qualifiers. 
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• The application should report when data are provisional and final (reviewed and 
accepted). 

• The application will create electronic data files to report out corrected gage height 
data and computed discharge with time stamps and data quality flags.  Both 
continuous data and daily summaries of mean, maximum and minimum values for 
the day should be reported. 

Flow Measurement Computation 

All cross section flow measurement data should be entered into a computer program 
that calculates the area, velocity, and discharge for each segment and computes the 
total width, area, average velocity, and total discharge for the measurement.  The 
program should allow review of the entered data to check for entry errors.  If the 
output of the program is an electronic file, name that with the station ID and date of 
measurement and store with the data logger download files. 

Rating Development  

A stage-discharge rating must be developed before continuous flow data can be 
computed.  If the gage is installed behind a primary control device such as a flume, 
weir, or standard pipe or culvert, the rating can be obtained from published 
handbooks and manuals.  Verification discharge measurement may suggest small 
adjustments to the standard rating to account for variation from the specified 
dimensions of the device.   

Open channel ratings are based on a series of direct measurements of discharge.  
Typically the field staff that performed the discharge measurements and maintained 
the gage site develops the rating for the station.   An understanding of the basic 
concepts of simple ratings as described in USGS publication TWI 3-A1 (Kennedy, 
1984) is necessary.  The key to developing a rating is to have a set of discharge 
measurements that span the range of stage encountered at the gage.  The set of 
measurements should be representative of the channel in a stable condition, i.e., the 
hydraulic control has not changed and channel has not scoured or filled significantly 
between measurements. It may be some weeks or months before an adequate set of 
discharge measurements is acquired to properly define the rating.   

By convention, the set of measurements are plotted with gage height as the ordinate 
(Y) axis although it is the independent variable. It is a more intuitive plot with 
increasing stage going up the vertical axis.  Use of log scale paper will combined with 
an appropriate offset from the gage height will produce a straight line fit through the 
points. The line should be at or close to excellent rated measurements and may vary 
from measurements with lesser quality. Subsequent flow measurements may plot off 
the curve. The hydrographer must make judgments about whether they accurately 
represent the normal stage-discharge relationship at that time or are in error.  The 
quality rating of the discharge measurement will provide some guidance.  Good 
quality measurements that plot off the curve significantly will require a rating shift to 
be applied.   Consultation with experienced hydrographers is useful.   
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The rating curve may be extended above the highest discharge measurement and 
below the lowest to encompass the entire range of recorded gage heights.  
Consideration of the channel shape must be taken into account.   

The rating curve is entered into the discharge computation program as a series of 
points that define the straight line segments of the rating curve.  A simple trapezoidal 
channel with a single hydraulic control can be described with two points on the upper 
and lower bounds.  More complex channels will require more points to describe the 
curve. 

Process Discharge 

The gage height record must be accurate for computation of continuous discharge.  It 
is useful to process the data in four to six week increments defined by the site visit 
schedule.  It is useful to print a paper plot of the recorded gage height for the period.  
Use the same gage height range for all plots.  The ideal record will have the same 
offset from the observed stage for all observations in the period.  The plot will show 
response to rainfall as expected and have no unexplained jumps in level.  The field 
notes should provide some explanation about anomalies in the stage record.  It is 
possible that equipment malfunction or some other problem leads to periods with no 
gage height record or one with very poor quality.  Generally, gage height data is not 
filled or estimated. 

Once the rating table has been developed, and the necessary gage height record 
corrections determined, the data may be input into the database program.  Work 
from the paper plots and note the gage height corrections and any rating shifts.  Also, 
keep a log describing the rating curve and the corrections applied for each workup 
period.  This data workup will be reviewed and the plots and log should explain 
contain enough detail that the reviewer understands what was done and why.  

Periods of missing gage height record can have the daily discharge estimated based 
on observations, rainfall records and similar gage results.  The estimated must be 
flagged.  Periods of degraded gage height record quality or should be flagged to 
warn users.  Periods where the computed discharge exceeds the highest measured 
flow by a factor of two should be considered flow estimates and flagged accordingly. 

It is useful for the hydrographer to perform a review of the work immediately after 
production.  Graphical representations of the data can expose many problems.  
Import daily summary discharge data (daily mean, maximum value for the day, 
minimum value for the day) into a spreadsheet.  Include nearby daily rainfall totals, 
and the mean daily discharge from a similar site for the same period.  Plot mean daily 
discharge and rainfall over time.  The discharge plot should reflect the rainfall as 
expected.  Plot the minimum daily values over time.  This will expose any odd drop 
outs in the data.  Plot the mean daily discharge with the comparison gage over time.  
Plot discharge on a log scale to compress the range.  The sites should vary together 
as expected.  Any problem periods should be checked out and reworked.  The 
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spreadsheet should be stored in the directory with other station files.  Use a separate 
spreadsheet for each water year of data.  

Data Review 

Mistakes can be made while preparing continuous discharge data sets.  Review of 
the data workup by a peer is key to ensuring data quality.  A final review is usually 
performed on a complete year of data.  A systematic check list should be followed.   

• The paper file is organized 
• Water Year spreadsheet created  
• Mean, min, max checked 
• Field observations are entered and accurate 
• Discharge record compared to flow measurements 
• Comparison gage checked 
• Flow measurements reviewed 
• Rating reviewed 
• Workup reviewed 
• Data quality flags assigned appropriately 

When the reviewer is satisfied with the workup, the database flags should be turned 
from provisional to final for the period under review. 
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Appendix J:  TOYLID Field Data Sheets/Observation Logs 

 



 



Personnel:
Last Rain Event

Instructions

1. Conduct observation monitoring of site
2. Not the presence of ponding of water on top of concrete pavers, seepages, contaminants 
(oil, grease, etc.) below in the Monitoring Log.
3. In the Monitoring Log, note the observation type, GPS location, and depict the affected area on the map.
4. Not any other unusual observations (i.e. erosion, piping, spills, etc.)
Observation Types: PW = ponding water, SE = seepage, CS =contaminants, Sp = Spills, OT = other

Weather:
Date: Time:

TOYLID On-Site Observation Form

Monitoring Log
Observation 

Types GPS Location Observation Notes



Personel:
Last Rain Event

MW 1

MW 2

MW 3

MW 4

MW 5

MW 6

Monitoring 
Well ID

Water 
Present 
(yes / no)

Depth to 
Water 
(tenths of 
feet)

Depth to 
cork dust 
(tens of feet)

4.  Record cork dust height (high water mark) on staff gauge and rinse off cork dust
5.  Not any unusual observations (i.e. color, odor, piping, etc.)

Instructions

Weather:

Monitoring Log

1.  Locate  Monitoring Well ID under monitoring well cap and record  ID
2.  Conduct a visual observation to determine subsoil saturation and/or presence of water
3.  If water is present, take depth measurement using engineer tape (in tenths of inches)

Monitoring well observation notes

Date: Time:
Monitoring Well Observation Form




