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A4. PROJECT TASK/ORGANIZATION

Per sonnd Responsibilities

Greg Davis, Stormwater Coordinator, EPA Region 8 (PROJECT ANALY ST)

Responsible for collecting samples from the green roof and control roof
following rain events, summarizing data, coordinating with UDFCD on expected
outcomes, and producing annual reports.

Tony Medrano, Acting Laboratory Director / Quality Assurance Manager

Responsible for signing QA plans as the QA manager and ensuring that
equipment and funding is available for laboratory analysis.

Michael Bade, Laboratory Analyst
Responsible for analyzing and overseeing the analysis of laboratory samples.
Aaron Nelson, Project Director, Alliance Center for Sustainable Colorado

Provides assi stance and outreach to promote the research being done on green
roofs through the Alliance Center’ s outreach programs and through the citing and
installation of control roof equipment on the Alliance Center’s rooftop.

Gary Girolimon, Ted Miller & Associates
Facilitate the installation and design of monitoring equipment.

Collected datais made available to al interested government agencies and the genera public.
Primary data usersinclude: EPA staff and its partner organizations; Urban Drainage and Flood
Control District (UDFCD), the City and County of Denver. All datawill be provided in
electronic format through the EPA web site and will be uploaded to the International Database of
Best Management Practices by the project analyst for use among stormwater professionals.

A5. PROBLEM IDENTIFICATION/BACKGROUND

Natural landscapes like forests, wetlands, and grassands trap rainwater and snowmelt and allow
them to filter into the ground slowly. In contrast, impervious surfaces like roads, parking lots,
and rooftops prevent rain and snowmelt from infiltrating, or soaking, into the ground. In an urban
environment with mostly impervious surfaces, rain and snowmelt remains above the surface,
whereit runs off rapidly in unnaturally large amounts. Storm sewer systems concentrate runoff
into smooth, straight conduits. This runoff gathers speed and erosive power asit travels
underground. When this runoff leaves the storm drains and empties into a stream, its excessive
volume and power erode streambanks and streambeds, damaging streamside vegetation and
altering aquatic habitat. These increased storm flows carry sediment loads from construction sites
and other denuded surfaces and eroded streambanks.



The primary objective of EPA’s green roof isto absorb the precipitation which contacts the roof
surfaces and release it at a reduced and measured pace. The green roof is expected to reduce peak
flow and runoff volumes from rain and snowmelt events to mimic a more natural landscape.
Reducing the peak flows though extensive use of green roof technology, if shown to be functional
in thisregion, will have the effect of minimizing del eterious impacts to the South Platte River and
other streamsin this region from concentrated stormwater runoff. 1f successful, this project will
demonstrate the degree to which the green roof (experimental roof) reduces runoff from storm
events as compared to the control roof without adding appreciable pollutant loading or potentially
reducing pollutant loads from atmospheric sources.

A6. PROJECT / TASK DESCRIPTION

The data collected through this project is being collected and analyzed as part of a project titled
“Characterization of Green Roof Performance Parameters in the High Elevation, Semi-arid,
Temperate Colorado Front Range Region.” This project has three objectives:

1. To conduct horticultural experiments to select combinations of plant varieties and growth
media that thrive with minimal irrigation, maintenance, and costs;

2. Todetermine the effectiveness of green roofs as a best management practice (BPM) for
stormwater control in this region; and

3. Toobtain and evaluate roof temperature data to determine the effectiveness of the green
roof at mitigating urban heat island effects and to model the theoretical reduction in the
building’s cooling load.

The information contained within this document is related to the collection and analysis of datato
determine the effectiveness of green roofs as a best management practice for stormwater control
(i.e., to meet objective #2 in the larger project). Four sub-objectives have been defined in this
QAPP in order to meet objective #2 inthe larger project. Therefore, the data collected and
analyzed pursuant to the terms of this QAPP will be used to achieve the following four sub-
objectives:

1. Quantify the quality and quantity of runoff from EPA’s green roof and compareit with
the quantity and quality of runoff from the control roof (i.e., a hon-green roof) at the
Alliance Center office;

2. Determine the capacity of the green roof for reducing peak flow from rain and snowmelt
events,

3. Determinethe ability of the green roof to filter pollutants of concern; and

4. Provide datato the Urban Drainage and Flood Control District (UDFCD), aregional
specia district that includes Denver and 37 other cities and counties, to characterize the
performance of green roofs as a post-construction stormwater Best Management Practice

Achieving Sub-Objective #1 - Deter mining the capacity of the green roof for reducing peak
flow from rain and snowmelt events

Equipment will be installed to make measurements of stormwater discharges from a control roof
and from an experimental roof. Samples taken from a 4,100 ft.? section of the green roof at the
EPA Region 8 office will serve as the experimental roof for the purposes of this project. There



are several green roof surfaces on the EPA Region 8 office building, with one or more drains for
each green roof surface. Drain G-1 was selected as appropriate to modify and include monitoring
equipment as it drains runoff from aroof surface on which there is no public access, thus

mi nimi zing anthropogenic impacts to the experiment. The following picture of EPA’s green roof
follows with a demarcation of the area from which experimental discharges will be sampled.

The Alliance Center for Sustainable Colorado was selected as a site to install equipment to collect
stormwater runoff from a control, or non-green roof, surface. The Alliance Center roof was
selected as a control site due to its location immediately across the street from the experimental
sitewith similar solar (full sun) and precipitation conditions. The rooftop on the Alliance Center
encompasses 4,000 ft.?and is covered by a 3" rock base. All runoff from the Alliance Center
rooftop will be routed to a single drain so that monitoring equipment can be installed at the base
of the building in alocation suitable for collecting samples.
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Drains from both EPA’ s penthouse green roof and the roof of the Alliance Center office will be
connected to an inline trapezoidal flume. The trapezoidal flume will distribute flows such that
they can be measured using a bubbler flow meter. The bubbler flow meter uses an internal air
compressor to force a metered amount of air through a bubble line submerged in the flow



channel. By measuring the pressure needed to force air bubbles out of the line, the level of the
water (i.e., flow rates), will be accurately determined. Once through the trapezoidal flume, water
quality samples will be collected using an Isco, Inc., refrigerated sampler at timed intervals
correlating to storm event peak flows.

Sampling at both the control and experital sitesincludes
an | SCO 4230 (bubbler) flow meter and an 1SCO 4700 refrigerated
automated sampler.

Flow rates will be evaluated against measured precipitation and the control and experimental
roofs to determine the reduction of flow from storm events based on the size and frequency of
storm events. It isanticipated that the green roof will absorb and rel ease water at areduced and
more measured pace. Monitoring and evaluating relative flow rates and volumes from the control
and experimental surfaces will provide the data necessary to achieve this abjective.

Additional information on rainfall, wind speed, relative humidity, and temperature will be
collected from both the control and experimental (green) roof surfaces. These datawill be
collected viawireless weather stations and conveyed to a database for storage.

Achieving Sub-Objective #2: Determining the ability of the green roof to filter pollutants of
concern

The waterbody which will be receiving stormwater runoff from EPA’ s proposed regiona officeis
the South Platte River. This segment of the South Platte River is defined by the state of Colorado
as waterbody segment COSPUS14; further defined as the South Platte River from Bowles Ave. to
Burlington Ditch.

In achieving objective #2, it isfirst necessary to determine pollutants of concerns which will be
draining from the experimenta and control roofs. Common pollutants carried in stormwater
runoff from urbanized areas include sediment, ail, grease, pesticides, nutrients, viruses, bacteria,
road salts, and heavy metals. For this project, pollutants of concern will be selected based on



those pollutants commonly associated with stormwater runoff; specifically focusing on pollutants
for which South Platte River (the receiving waterbody) isimpaired which may originate from
atmospheric sources.

In Colorado’s most recent (1998) 303(d) impaired waterbody list, segment COSPUS14 islisted as
impaired for manganese (Mn), Nitrate (NO3), and fecal coliforms, all of which are impairments
related to “urban impacts.”

Sources of fecal coliformsin the Platte River includeillicit discharges from sewer cross-
connections, pet wastes, wildlife, and treatment facilities. Given that there is no atmospheric
deposition of fecal coliforms, this source can be eliminated from evaluation from the
experimental and control roof surfaces. In some instances fertilizers used on a green roof could
serve as a source of fecal coliforms, however, the GreenGrid product proposed for use on the
Region 8 office does not contain fertilizers derived from fecal matter. One potential source of
fecal contamination on the green roof will be birds, therefore, measurements of fecal coliform
may be added at alater date. It should also be noted that the holding time for fecal coliform tests
does not exceed 24 hours. Since EPA employees will not have access to the experimental roof on
weekends, only tests which allow for at least a 72-hour holding time will be considered.

Manganese (Mn) is a pollutant source which is often the result of atmospheric deposition
indirectly related to vehicular travel. Given the network of roads immediately adjacent to and in
close proximity to the proposed EPA regional office, it is anticipated that manganese will be
present in unfiltered rainwater reaching the experimental and control surfaces. Manganese may
also be present in the planting media.

The cause of nitrate (NOs) impairments in urban areas involves a variety of sourcesincluding
industrial emissions to the atmosphere, pet wastes, runoff from lawn fertilizers, wastewater
treatment plant effluent, and construction sites. Given that one source of nitrate can be
atmospheric deposition, it islogical to measure the effectiveness of the green roof in sequestering
that nitrogen source. It should aso be noted that the green roof could cause anet increase in
nutrients when compared to the control (impervious) roof surface as nutrients will be necessary to
maintain plant growth.

Other water quality parameters should also be measured to further characterize nutrient loading or

reduction and loading/reduction of other metals. Additional parameters which will be monitored
include NOs-NO,as N, NH; asN, N, P, Zn, and Cu.

TableT-1: RATIONALE OF POLLUTANT PARAMETERS

Water Quality Parametersto be Measured from the Experimental and Control Roof Surfaces

Parameter Rationale

Manganese 303(d) impairment in S. Platte segment 14

NOz-NO,as N 303(d) impairment in S. Platte segment 14

NH; asN Further characterizes nitrogen sources

Tota Nitrogen Further characterizes nitrogen sources

Tota Phosphorous Characterizes nutrient source commonly
present in urban area water quality impairments

Tota Recoverable Metals, including Pb, Mn, Parameters necessary for evaluating general

Cu, Zn, Mg, Na, K, Ca, Hg water quality and metal solubility




Flow and Volume Determines green roof performancein
stormwater retention and release

Hardness Needed to determine toxicity concentrations of
most metals

Water quality samples will be taken from both the experimental and control roofs. Flow data will
be recorded in 5-minute intervals through the use of a datalogger. Samples for water quality
analysis will be automatically held in acontrolled environment (i.e., refrigerated automatic
sampler) to assure accurate determination of nutrient and bacterial concentrations. Samples for
water quality will need to be collected after each significant storm or snowmelt event. A quality
assurance project plan (QAPP) will be developed which will further detail methods for sampling,
data collection, and datareporting. The QAPP will aso define the roles and responsibilities of
each party involved in these processes.

Achieving Sub-Objective #3 - Providing data to Denver’s Urban Drainage and Flood
Control Digrict (UDFCD) to characterize performance as a post-constr uction stormwater
Best Management Practice (BMP)

All design documents, plant selection criteria, water quality data, and other data collected will be
provided to Urban Drainage and Flood Control District (UDFCD) in atimely fashion through E-
mails and a continuously updated web site hosted under the EPA Region 8 domain,
www.epa.gov/region8/greenroof. All documents related to design and monitoring of the control
and experimental roof discharges will be provided to UDFCD asthiswill be a collaborative
effort. The primary goal of this project is to provide the data and operation and maintenance
information necessary to UDFCD to demonstrate the applicability of green roofs as a post-
construction stormwater BMP for use in the City and County of Denver and the semi-arid region
itislocated within. City and County of Denver regulations require the install ation and long-term
maintenance of post-construction stormwater BMPs on al new developments and

redevel opments greater than ¥z acre in size in an effort to reduce peak flow and runoff volume
discharges of stormwater runoff to the South Platte River. UDFCD maintains selection design
guidelines and criteriafor avariety of post-construction stormwater BMPs including extended
detention basins, retention ponds, constructed wetland basins, porous landscape detention (i.e.,
rain gardens), grass swales and grass buffers (i.e., biofilters), and porous pavement. Most local
jurisdictions in the high plains of Colorado east of the Rocky Mountains use this manual as their
criteria or guidance.

In an urban environment, where space for post-construction stormwater BMPsislimited, it is
anticipated that green roofs may serve as a cost-effective solution to reduction of stormwater
runoff as required by City and County regulations. EPA’s green roof isthefirst green roof being
installed in the City of Denver, which is being designed specifically for the purpose of stormwater
management. Therefore, itiscritical that EPA effectively characterize green roof performance,
provide recommendations for plant materials which grow in Denver’s climate and their
maintenance needs, and provide all information necessary to UDFCD to characterize green roofs
as one of the recommended post-construction BMPs. 1n addition, EPA will need to work with
UDFCD to ensure that devel opers have specific information on siting, plant selection,
construction costs, operation and maintenance, and engineering design such that green roofs can
be effectively evaluated and promoted prior to construction at significant urban developments and
re-devel opments.

All design, operation and maintenance, rainfall, runoff, and water quality data and information
will be uploaded by EPA to the International BMP database (http://www.bmpdatabase.org),




devel oped by the American Saciety of Civil Engineers under a grant from EPA. Thiswill insure
access to thisinformation by the public, engineers, scientists, and administrators throughout the
United States.

Achieving Sub-Objective #4 - | dentifying areasfor expanded resear ch

There is significant interest nationwide in the green roof project proposed at the EPA Region 8
office. It isimportant that EPA work with other interested parties to determine new areas for
research and design. EPA has established a working relationship with the Denver Botanic
Gardens in selecting plant material for the vegetated roof surfaces. EPA Region 8 has also agreed
to work with EPA’s Office of Research and Development (ORD) to determine areas for
technology transfer. Asthis project moves forward, additional areas for expanded research will
be explored. Potential projects which may elicit further research include:

1. Pant sdlection, growth patterns, and maintenance requirements specific to
Denver’s semi-arid climate

2. Measuring carbon flux

3. Evauating savings from heating and cooling costs at EPA’s office

4. Evaluating effects of green roofs on the longevity of roofs on commercia and
industrial buildings in the Denver region

5. Providing assistance to devel opersin citing and selecting green roof matrices

6. Evauating effects on temperature and minimizing urban heat islands

Table T-1: SCHEDULE OF TASKS (September 2007-January 2008)

IMAJOR TASK CATEGORIES [ S|O|N|[DJ J

Finalize agreements with the X
[liance Center regarding control

roof equipment installation and

citing

‘Begin taking samples from EPA’s X

green roof

Install equipment on the Alliance X
Center Roof

Begin taking samples from the X
Alliance Center Roof

Annual analysis report cycle begins X
Annual QAPP review X

A7.DATA QUALITY OBJECTIVESFOR MEASUREMENT DATA

In each case the sampling matrix is water. Objectives for precision, accuracy,

representati veness, comparability and completeness are summarized in the Region 8
Laboratory Quality Management Plan (Quality Manual), provided in Appendix A. These
Data Quality Objectives (DQOs) have been established to ensure that the project meets
the aforementioned objectives. Project DQOs may be revised in the future if funding
becomes available for additional training and equipment or if the UDFCD determines that



different objectives would be more effective for use in characterizing the performance of
green roofs as a post-construction stormwater BMP.

Data Completeness

Completeness is the comparison between the amount of usable data collected versus the
amount of data called for in the sampling plan. Completeness in the green roof project is
measured as the percentage of total samples collected and anayzed as awhole and for
individual parameters and sites as compared to the goals set out by the project design.
EPA staff members are asked to collect data throughout the year after all rain/snowmelt
events significant enough to generate runoff. The EPA NPDES wastewater unit and
|aboratory have established back-up personnel for both collection and sampling to
achieve maximum sampling and analysis of all rainfall and snowmelt events. If runoff is
not collected and/or analyzed for any specific event, that data point will be qualifiedin
considering trend analysisin annual reports.

A8. TRAINING REQUIREMENTS/ CERTIFICATION

EPA laboratory staff members are uniquely qualified to collect and sample water quality
using EPA approved methods. EPA laboratory staff will conduct training and update
collection protocols as necessary to ensure that NPDES wastewater unit staff are
collecting, preserving, refrigerating, and transporting samplesin a manner which does not
affect sample results. An SOP has been devel oped and has been attached to the
automated sampler to ensure that correct protocols are adhered to. Only NPDES
wastewater staff which have been trained will be authorized to collect samples from
rain/snow melt events.

A9. DOCUMENTATION AND RECORDS

All data gathered by wastewater unit staff are recorded on site at the time sampling
occurs using the Green Roof Monitor Data Sheet (Appendix E). Employees are instructed
to fill out Monitor Data Sheets legibly and completely when entering information. Staff is
also instructed to use the comment section of the data sheet to report any problems or
abnormalities with sampling procedures or equipment. Thisform is then returned to the
Project QA as described in Section 19 of this plan. Data are then entered by wastewater
unit staff into the green roof database for future analysis. Original copies of al data
sheets are kept on file at the EPA Region 8 office indefinitely. Wastewater unit staff is
asked to make a copy of their dataforms to be filed sequentialy in a field notebook

B1. SAMPLING PROCESS DESIGN

Sample Site Selection

In order to obtain useful baseline inventory and monitoring information as described in
Section 6, it is critical to select sampling sites which can be used for the comparison of
the control and experimental green roof surfaces. In determining a site for a control roof,



it was important to consider two sites with similar solar radiation, wind speed, and
rainfall characteristics. In choosing acontrol roof site, several locations were considered,
but the Alliance Center for Sustainable Colorado was chosen due to its proximity
immediately across the street from the EPA Region 8 office building (i.e., the green roof).
The control site was also preferable due to its maximum solar exposure similar to the
experimental site. A critical consideration in the selection of a control roof was also that
the control site was not directly connected to Denver’s storm sewer system, which
allowed for installation of ground-level monitoring equipment.

Sampling Parameters & Collection Frequency

Sampling parameters were selected to address pollutants of concern in the South Platte
River, the receiving water from which stormwater discharges are supplied from both the
control and experimental roof surfaces. A further justification of the selection of these
parameters is described in section A6 under criteria#2.

Site Safety Plans

Sampling sites were selected, in part, because they are safely accessible. Both the
experimental and control sites can be accessed without the use of additional equipment.
The control roof sampling equipment can be accessed at the street level in alock box, and
the experiment roof sampling equipment can be accessed without leaving the EPA office
building.

Prior to sampling from the experimental roof, the EPA has agreed to obtain an escort
from the building manager or personnel delegated by the building manager to ensure the
safety of EPA staff and mechanical equipment of the office building.

B2. SAMPLING METHODS REQUIREMENTS

Regular sampling in the green roof monitoring program does not include any ambient
measures collected and processed “in thefield.” All stormwater samples from the control
and experimental roof surfaces are collected using an ISCO, Inc., model 4230 Flow meter
and an ISCO, Inc., model 4700 refrigerated automated sampler. Samples are collected
and are maintained between +4.0°C to +6.0°C during storage.

All samples provided for analysis will be composite samples. To ensure that a sample
volume large enough for analysis is taken, all composite water quality samples will need
to be 600mL.

Composite sampling will be based on flow. As part of the operating procedures for the
Isco 4230 flow meter, it is necessary to define a*“ pulse” which is sent to the automated
sampler to define when to initiate and terminate sample collection. For purposes of this
project, the “pulse” rate will be set to 1 gallon.



The Isco 4700 automated sampler will be set to initiate sampling after receiving 5 pul ses.
Thiswill allow five gallons of water to pass through the flume prior to initiating
composite sampling. The purpose of theinitial 5 gallon pass through isto avoid taking
samples from non-rain events (e.g., sprinkler system runoff), and to alow for water
pooled up from the previous storm to pass through prior to sampling (In designing the
monitoring system, it was necessary to pool up asmall volume of water behind the flume
to ensure that the sampling intake is always submerged).

Once sampling has been initiated, 200mL samples will be collected every five pulses
until flow is no longer detected. Using this method, it is necessary for 15 gallonsto flow
through the flume to ensure that a 600mL sample large enough for analysisis collected.

It isagoa to obtain a complete composite sample from 95% of the storms. Upon
receiving runoff data from the flow meter which determines the amount of flow
generated on a per-storm basis, this sampling protocol will be re-evaluated on a quarterly
basis for the first year of the project to assure that the maximum number of storms can be
sampled while still providing a complete composite sample for the largest runoff event
recorded during the previous quarter.

To ensure that samples are comparable, the sampling protocolsin relation to timing and
sample volume will remain identical between the control and experimental roofs for the
life of the study.

B3. SAMPLE HANDLING AND CUSTODY REQUIREMENTS
Laboratory testing will be handled using the following chain of custody procedure:

Samples will be labeled and logged in a monitor notebook upon collection.

Once samples have been collected, they are refrigerated directly in the sampler
and kept in temporary storage until they can be sent to the EPA lab for analysis
Samples are refrigerated to maintain a temperature between +4.0°C to +6.0°C in
the automated sampler

Once collected, samples requiring preservation (nutrient analyses) are preserved
using pre-measured 0.5mL sulfuric acid ampules provided by the EPA Region 8
|aboratory

After preserved and sealed, all samples are placed into alarge heavy plastic bag
and are secured on the top of the bag with fiber tape. A signed and dated custody
sedl isthen placed around the top of the plastic bag, over the tape.

To meet the refrigeration requirements, sufficient ice must be added to the
coolers provided by the laboratory to ensure that during transport, ice will still be
present when the cooler reaches the laboratory.

The laboratory courier service will be used for transporting samples to the EPA
lab for analysis during the same or subsequent day after sample collection.
Laboratory personnel will record the date and time the sample arrives at the lab.
After samples are analyzed, laboratory information is added to the label.



FigureF-1: SAMPLE CONTAINER LABEL

PROJECT NUME: EPA GREEN ROOF (LSR #)

STATION (MARK ONE):

(1) EXPERIMENTAL ROOF (EPA)

(2) CONTROL ROOF (ALLIANCE CENTER)

DATE COLLECTED:

TIME COLLECTED:

SAMPLE: # of

(SAMPLE #11S A GRAB SAMPLE)
(SUBSEQUENT SAMPLES ARE COMPOSITED)

PRESERVATIONMETHOD: ___ NONE _ HoS04

COLLECTEDBY:
PHONE:

SIGNATURE:

ANALYSIS (CHECK ONE):

___ METALS(NOT PRESERVED, 125ML REQUIRED)
__ WET CHEMISTRY (PRESERVED, 125M L REQUIRED)

___ WET CHEMISTRY (NOT PRESERVED, 125ML REQUIRED)




REMARKS (APPEARANCE, ODOR, ETC.):

B4. ANALYTICAL METHODS REQUIREMENTS

M ethod References

Table T-2 references the methods used for each testing parameter. All methods used in
this program are traceable to EPA-approved or EPA recommended methods. For
parameters where EPA-approved methods are not in use, efforts will be made to obtain
approval through use of EPA accepted comparability testing procedures.

TableT-2: Methods Reference

Parameter Method Reporting Limit Range
Pb (200.8), 10 ug/L RL-
Mn (200.7) 4 2 ug/L RL-
Cu (200.7) 4 10 ug/L RL-
Zn (200.7) 5 10 ug/L RL-
Mg (200.7) 4 0.05 mg/L RL-
Na (200.7) 4 0.50 mg/L RL-
K (200.7) 5 1.0 mg/L RL-
Ca (200.7) 4 0.1 mg/L RL-
Hg FIMS 7470A 0.10 ug/L RL-
Nitrate, Nitrite-N (300.0) 4 0.5 mg/L RL-
Totd P SM 4500P 0.02mg/L RL-
Total N SM 4500NC 0.1 mg/L RL-

Hardness calculated n/a n/a

2 U.S. EPA. 1979 (revised 1983). Methods for Chemica Analysis of Water and Wastes.
EPA-600/4-79-020.

B5. QUALITY CONTROL REQUIREMENTS

Datathat do not meet project accuracy and precision objectives are not entered in the
green roof data system and will not be used in annual water quality analysis reports. Non-
detects (i.e., measurements below the detection level for a given parameter) will be
reported as negative numbers. The Project QA Officer is responsible for contacting
monitors to determine the cause of data errors and arranging for monitor re-training if
necessary.



B6. INSTRUMENT / EQUIPMENT TESTING, INSPECTION AND
MAINTENANCE

All equipment is checked upon receipt by the Project QA Officer to ensure that
operations are within technical specifications before use.

All testing equipment isto be clean and in good working order beforeit is used for
monitoring. If any equipment or chemical reagent is found to be defective in any way,
monitors are instructed to contact the Project QA Officer for immediate replacement.

Equipment is also evaluated at annual QC sessions. Any faulty equipment or
expired/contaminated reagent is replaced and a new kit inspection form is created.

B7. INSTRUMENT CALIBRATION PROCEDURES

Calibration of al instruments will be documented in an instrument
calibration/maintenance log. If, a any time, there are data quality concerns which might
be related to equipment error, staff are asked to bring the equipment in question to the lab
to bere-calibrated. Calibration procedures for each of the chemical tests are described in
the Region 8 Laboratory Quality Management Plan (Appendix A).

Calibration of the flow meter was performed using a garden hose set to fill 5 gallon
buckets at approximately 1 gallon per minute (GPM), 3GPM, 5 GPM, and 10 GPM
intervals. The garden hose was used to pour water into the roof drain and verify the flow
rate at both the control and experimental roofs. Results from the calibration tests can be
made available through the EPA Region 8 green roof web site at
www.epa.gov/regiond/greenroof.

B8. INSPECTION AND ACCEPTANCE REQUIREMENTSFOR SUPPLIES

Monitoring equipment and supplies were ordered from Ted Miller and Associates, and
are inspected upon arrival by the Project QA Officer. Broken bottles and reagents or
instruments that do not meet EPA standards are shipped back to the manufacturer for
replacement.

B9. DATA ACQUISITION REQUIREMENTS

Data gathered from sources other than EPA staff are used for information only and not
for data entry into the Green Roof data system or for decision making. Only staff which
have been trained in collection and analysis in accordance with the procedures defined
within this document are authorized to collect samples which will be used in the Green
Roof data system for analysis.

B10. DATA MANAGEMENT



EPA staff collects and reports data using the collection data sheets provided (Figure R-1).
All observational data, water quality data and field measurements are recorded at the time
of sampling and analysis. Data sheets are signed by all monitoring team members. EPA
monitors are instructed to make one copy of their data sheet and send the copy with the
sample to the EPA laboratory with the sample for filing. The original data sheets will be
sent to the Stormwater Program Coordinator as soon as possible after each sampling
event for storage in the project file. The purpose of these duplicate filesis to prevent
potential loss of data and to facilitate discussion of any questions that should arise
regarding reported data. Data files are collected and reviewed for completeness during
biannual QC sessions

Data sheets are reviewed by the designated |aboratory staff and the Stormwater Program
Coordinator for transcription errors, precision, completeness, anomalous data, and
general problems. EPA monitors are contacted by phone to answer questions about data
that appear to be in error or don’t fall within the expected range. Contact with the
volunteers regarding data problems is the responsibility of the Project QA Officer.

Dataare reviewed quarterly by the Project QA Officer, and will be presented each
January in an annual report (see Section 21). Data will also be made available on the EPA
Green roof web site at www.epa.gov/region8/greenroof . Computer data records as well
asoriginal data sheets are maintained at the EPA Region 8 office indefinitely.

C1. ASSESSMENTS AND RESPONSE ACTIONS

EPA monitors are required to attend a training session and complete minimum training
requirements before monitoring.

All monitor data sheets are reviewed by the Project QA Officer before data are entered
into the Green Roof data system. The database program is designed to detect anomal ous
values and quarterly data reviews are performed by the Project QA Officer or adesignee
thereof to detect deficiencies. If problems are discovered with data quality or
management, it is the responsibility of the Project QA Officer to address them in atimely
manner.

Procedures for inspection, acceptance, calibration and maintenance of equipment and
supplies are described in detail in the aforementioned sections. If problems with data
quality are traceable to equipment failure, then inspection, calibration and maintenance
will be scheduled more frequently.

EPA’s Quality Assurance staff will review this QAPP and the overal project design
annually and may suggest procedural refinements or additional testing procedures. This
may include new parameters to be measured (e.g., heavy metals, hydrocarbons and
sediments) or changes to procedures currently in use. Any such changes will be subject to
EPA and Colorado State University (CSU) approval. The project is open to EPA or CSU
system audits at their discretion.



C2. REPORTS

Annual reports will be devel oped and submitted in January of each year and will describe
activities during the previous calendar year. These reports will consist of data results,
interpretation of data, information on project status, results of QC audits, and internal
assessments.

The Stormwater Program Coordinator is responsible for report production and
distribution. Annual reports will be forwarded to Urban Drainage and Flood Control
District (UDFCD), EPA Region 8 staff, the Alliance Center for Sustainable Colorado,
CSU, and the Denver Botanic Gardens.

The EPA Region 8 Green Roof web site will be updated with all reports and data
summaries as they are generated. Real time data will not be available through the web
site, but the latest version of the Green Roof data system will be available upon request
through the contacts provided on the web site.

D1. DATA REVIEW, VALIDATION AND VERIFICATION REQUIREMENTS

All data collected is subject to review by the Project QA Officer to determine if the data
meet QAPP objectives. Decisionsto reject or qualify data are made by the Monitoring
Coordinator and/or the Project QA Officer.

D2. VALIDATION AND VERIFICATION METHODS

Monitor data sheets must be filled out completely and signed by all monitors present at
the time of sampling and analysis. The Project QA Officer and the Monitoring
Coordinator check each data sheet for precision, missing or illegible information, errors
in calculation and values outside of the expected range. If questions arise, monitors are
contacted for clarification. The Project QA Officer is responsible for ensuring that
maintenance and calibration records show all monitoring equipment in useto bein
compliance with the requirements of this QAPP. The Monitoring Coordinator ensures
that all monitors listed on the data sheet have completed required training for the
parameters tested and have attended at |east one QC session within the past year. When
review is complete and any questions have been resolved, each data sheet is signed and
dated by the Project QA Officer and the Monitoring Coordinator. If data quality questions
can not be adequately resolved, datawill not be entered into the Green Roof data system
and the Project QA Officer will arrange for corrective measures (i.e. monitor re-training,
equipment re-calibration, etc.). Any changes made to data are initialed, and any action
taken as aresult of the datareview is specifically recorded on the data sheet below the
reviewers signatures.

Dataisthen entered into the Green Roof data system which is designed to flag any values
which fall outside of the expected range for each parameter. On a quarterly basis the
Project QA Officer checks the data and proof reads it against original data sheets. Errors
in data entry are corrected and inconsistencies are flagged for further review. Datawill be



presented annually using graph and report formats to document baseline water quality,
identify trends and detect deficiencies in data collection or program design.

Annual reports will include discussion of any data quality problems and will be
distributed to all data users.

D3. RECONCILIATION WITH DATA QUALITY OBJECTIVES

Calculations and determinations for precision and completeness are made by the Project
QA Officer and Monitoring Coordinator during the initial data sheet review process.
Results of precision, accuracy and completeness cal culations are recorded on monitor
data sheets and will be included in annual reports.

If data quality indicators do not meet program specifications (see Appendix A-1) data
will not be entered in the Green Roof data system and will not be used in annual reports.
The cause of failurewill be evaluated, and if the cause is found to be equipment
malfunction, then calibration and maintenance procedures will be reassessed and
improved. If the problem is found to be monitor error, monitors will be retrained. If
accuracy and precision goals are frequently not being met QC sessions will be scheduled
more often.

If failure to meet program specifications is found to be unrelated to equipment, methods,

or monitor error, specifications may be revised. Revisions to this QAPP will be submitted
to the designated EPA QA staff and CSU for approval.

Appendix A-1: LETTER OF COMMITMENT TO UDFCD
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i&% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: REGIOMN 8

ag - 989 18™ STREET- SUITE 300 -

DENVER, CO 80202-24866
- Phone 800-227-8817

http:/fwww.epa.goviregion08

NOV 1T 2005

Ref:  BP-W-P
Ben Urbonas, P.E., Manager

Urban Drainage and Flood Control District
2480 West 26th Avenue, Suite 156-B
Denver, CO 80211 -

Re: Monitoring Commitment for the Green
Roof at EPA’s Regional Office in Denver

Dear Mr. Urbonas:

" Thank you for your approval and support of the construction and maintenance of a green
roof at the Environmental Protection Agency’s proposed Wynkoop Street office in Denver. EPA
is aware of Denver regulations to construct facilities at new construction sites which mitigate the
effects of post-construction stormwater runoff. It is also understood that the proposed project
does not incorporate a post-construction stormwater practice which has been formally approved
by the City and County of Denver. Therefore, EPA has agreed to monitor and assess stormwater
runoff from its green roof facility for a minimum of ten years or until other approved post-
construction Best Management Practices (BMPs) are constructed at its Wynkoop Street office.

In compliance with City and County of Denver regulations for the development of post-
construction stormwater practices at significant developments and as part of a pilot project
assessing the value of green roofs as a BMP, EPA agrees to monitor the performance of its green
roof with respect to the amount, rate and quality of stormwater runoff . EPA's involvement in

this project will include the following:

1. Design of a monitoring plan for the purpose of measuring the rate of stormwater
runoff from the roof; allowing for collection of water quality samples from all

significant sterm events;

2. Automated collection of runoff data during storm events and collection of samples for
water quality analysis for the first ten years of the green roof’s existence;

3. Analysis of water samples at the EPA lab in Golden, Colorado; and






Appendix A-2: REGION 8 LABORATORY QUALITY MANAGEMENT PLAN

Quality Management Plan
(Quality Manual)

QM 2.0
March 31, 2003
Region 8 Laboratory
U.S. Environmental Protection Agency
16194 West 45th Drive

Golden, CO 80403

Approvals: (Signed) 4/9/03
Region 8 Quality Assurance Manager Date

(Signed) 5/5/03

Region 8 Laboratory Director Date

(Signed) 5/5/03

Region 8 Laboratory Quality Assurance Officer Date

Section 1 Management Systems

The Region 8 laboratory (R8L) is part of Technical and Management Services program
within EPA Region 8. The laboratory is the principal anaytical laboratory serving the
programs within the Region. The Region 8 laboratory provides analytical testing for
water, solid samples, air, and hazardous wastes as well as microbiological and biological
testing. The laboratory provides instruments and space for research and special studies to
solve environmental problemsthat directly affect human health and the environment. The
laboratory also provides technical consulting services such as development and review of



sampling and quality assurance plans, interpretation of chemistry data, and
implementation of procedures and training for sampling programs.

The Region 8 laboratory isimplementing aformal quality system as documented in this
Quality Manual (QM) to provide the amount and type of quality control and
documentation to meet the laboratory customer®routine needs in data collection efforts
in support of various EPA scientific investigations and monitoring activities and also to
meet the requirements of the Drinking Water Certification program to maintain
certification. These needs, which are supported by R8L, are both on-going program level
activities and specific, usually short-term, project level activities.

Another goal of implementing a quality system is to provide useful, realistic guidance to
R8L staff on what is routinely expected of them during the performance of their duties.

The R8L endorses the following specific objectives:

Toinstill aclient-centered quality philosophy in our laboratory that helps provide the
highest value analytical service to meet our clients needs

To establish awell-defined quality control system based on a recognized
national standard using the 1SO 9000 guiding principles of "fitness for
purpose”’ and "do it right the first time"

To implement a comprehensive training program to ensure that all
laboratory analysts are trained and certified to perform quality analyses
and to ingtill a philosophy of continuous persona improvement and
learning

To empower each analyst with the authority and skills needed to control
analysis quality and take informed corrective actions

To organize and document policies and procedures that provide guidance
for laboratory activities and assure quality results

To establish and demonstrate |eadership within the Region regarding cost-
effective application of new analytical technology and quality
improvement methods

To demonstrate our commitment to quality analytical performance by
participating in proficiency (round-robin) testing, audits, and other quality
evaluation programs with peer laboratories

To provide high quality and cost-effective research and investigative
servicesto assist clientsin solving environmental, engineering, and
analytical problems



To provide high quality consulting servicesto assist clients with choice of
proper analytical methods, development of project sampling and QA
plans, application of proper sampling procedures, and analysis and
interpretation of chemical data

The Quality Organization

It shall be the policy of the Region 8 laboratory to conduct all business with integrity and
in an ethical manner. It is abasic and expected responsibility of each staff member and
each manager to hold to the highest ethical standard of professional conduct in the
performance of all duties and to adhere to EPA = s Principles of Scientific Integrity,
dated November 24, 1999.

This section describes management responsibilities and the organization of the Region 8
laboratory. Note that this section omits an organizational structure diagram.

Director, Division Level
Supports laboratory requirements for capital equipment, infrastructure maintenance and
repair, special training programs, staffing levels, and other necessary resources and
associated funding by clearly articul ating the needs to higher management
Supports QA/QC programs within the Division

Director, Branch Level

Supports laboratory needs for capital equipment, specia training
programs, staffing levels, and other necessary resources

Plans and conducts regular meetings with laboratory staff and the
laboratory quality assurance officer to review and develop
recommendations for laboratory QA/QC activities

Quality Assurance Manager
Develops and implements a QA program for the laboratory to ensure that
all data generated are of known accuracy and precision, legally defensible,

and scientifically correct

Monitors the QA program to ensure laboratory compliance through audits
and inspections and recommends appropriate corrective actions

Suggests QA/QC procedures that improve data quality and meet client
needs



Coordinates QA/QC activities with the laboratory quality assurance officer
and Regional QA officers

Laboratory Quality Assurance Officer

LindaA Bo @ Meyer

Develops and carries out quality control programs, including statistial
procedures and techniques which will meet the necessary quality
standards.

Monitors quality assurance activities to determine conformance with
policy and procedures and with sound practices,; conducts system audits
and makes appropriate recommendations for corrective actions and
improvements as may be necessary.

Seeks and evaluates new ideas and current developments in the field of
quality assurance and recommends means for their application whenever
advisable.

Advises management in reviewing technology, methods, equipment, and
facilities with respect to their quality assurance aspects.

Coordinates schedules for measurement system functional checks,
calibrations, and other checking procedures.

Develops system for control sample measurement; advises in the selection
of suitable samples and/or prepares samples as del egated by management.

Evaluates data quality and maintains records and/or control charts,
calibration records, and other pertinent performance information.

Coordinates and/or conducts quality problem investigations.
Advises and trains staff in matters of quality assurance.
Reviews work proposals for quality assurance aspects.

Serves as organization = s quality assurance representative for mandated
QA programs.

Laboratory Staff and Responsibilities
The laboratory is currently staffed by 22 full-time positions. All laboratory

personnel involved in the analysis, interpretation, and approval of data
have the responsibility to understand and follow the QM. Detailed



gualifications and training summaries for each staff member will be
maintained according the SOP A Laboratory Training @ and will be
available on request. The following are the general responsibilities
associated with each position:

Laboratory Administration: 3 positions

Irma Jacobsen, Office Manager, 303-312-7703

Administrative support

Timekeeping

Art Wake, Field/Laboratory Property Specialist, 303-312-7777
Inventory and maintain field and |aboratory supplies

Order field and laboratory supplies

Pack and ship field sampling supplies and containers

Jill Smits, Physical Science Technician, 303-312-7770

Maintain chemical inventory

Health and Safety/Environmental Compliance Officer: 1 position
Gregory Saunders, 303-312-7709, 25 years experience
Responsible for the facilities management

Responsible for laboratory security

Responsible for environmental compliance

Responsible for occupational health and safety

Responsible for pollution prevention

LIMS Administrator: 1 position

Sheri Muehlbauer, 303-312-7733, 4 years experience

Analytical Chemists: 6 positions

Michael Bade, 303-312-7765, 12 years |aboratory experience



Renee Bellew, 303-312-7713, 4 years laboratory experience
Jesse Kiernan, 303-312-7767, 11 years laboratory experience
Vince Marti, 303-312-7766, 32 years laboratory experience
Mark Murphy, 303-312-7775, 6 years |aboratory experience
David Nguyen, 303-312-7771, 3 years laboratory experience
Jack Sheets, 303-312-7793, 31 years laboratory experience

Responsible for method devel opment and validation, data quality checks,
and operation and maintenance of analytical instruments

Recommend procedures and coordinate technical activities within the
|aboratory

Train, review, and certify performance of analysts during training
activities

Serve as technical adviser to clients and as team leader for more complex
projects

Responsible for technica procurement and specifications for new
instruments and equi pment

Biologists/ Microbiologist/Macrobiologist: 6 positions
Richard Evans, 303-312-7750, 15 years experience
VelRey Lozano, 303-312-7792, 5 years experience
Bill Schroeder, 303-312-7767, 11 years experience
Sandra Spence, 303-312-7753, 12 years experience
Alysia Tani, 303-312-7809, 2 years experience
KendraWilborn, 303-312-7752, 4 years experience

Analyze and report the results of microbiological samples for the Regional
|aboratory

Certification officer for microbiology



Conduct performance audit inspections in support of the NPDES program
Perform special studiesin microbiology for the Region

Advise and assist in field operations and sampling

Perform toxicity testing and macrobiology assessments

Senior Environmental Employees: 3 positions

Paul Longrigg, 303-312-7707, Facilities Management and Waste Disposal
Judy Peterson, 303-312-7774, Quality Assurance Specialist

Wayne White, 303-312-7710, Computer Support

Assists in sample log-in and preparation of reports; assists in support of
QAQ,; assists in preparing waste shipments and waste disposal procedures;
assists in maintaining laboratory information management system (LIMYS)

Appendix A contains the organizational chart for the Region 8 laboratory.
Facilities:

The laboratory is located in the Coors Technological Center, at 16194
West 45th Drive, Golden, CO 80403. The facility consists of five sections,
A to F, with each section housing specific areas. The A section consists of
the laboratory administration, the computer LIMS, alibrary, conference
rooms, and the Environmental Services Assistance Team (ESAT) offices.
The A section of the laboratory is separated from the analytical part of the
laboratory by electronically locked double doors. To visit outside of the A
section, people must sign in and obtain a pass from the front desk and be
escorted to the location requested.

The B section is the main wing after passing through the double doors.
Thiswing houses the four metals preparation and analysis laboratories
including ESAT (B104, B106, B108, and B110), plus the three wet
chemistry laboratories (B111, B113, and B116). The QA/QC laboratory
(B102) isfound in this section; thisis where the performance evaluation
and other quality control samples are stored.

The B section houses two of the gas chromatograph/mass selective
detector (GC/M SD) instruments for volatiles analysis (B145 and B147
[ESAT]), one gas chromatographic (GC) laboratory (B138), and one
semivolatile GC/MSD instrument equipped with alarge-volume injector



(B125). Theair (B124) and radiation (B129) chemistry laboratories are
also located in the B section.

The C section is a separate wing located off the B section. Here are housed
the three microbiology (C102, C103, and C104) and three biology portions
of the laboratory, which include a culture (C117), atoxicology (C116),

and a genera biology (C115) laboratory.

The D section is also a separate wing branching off the B section
containing the three organic preparation laboratories (D126, D127, and
D128), a GC pesticides laboratory (D104), one volatile GC/MSD
laboratory (D121), one semivolatile GC/MSD laboratory (D124), and a
high performance liquid chromatograph (HPLC) and liquid
chromatograph/mass spectrometer (LC/MS) laboratory (D102).

In the third branch off the B section, section E, is found the sample
receiving area (E115), shipping and receiving rooms, a shop, general
storage, the field equipment staging area, and glassware preparation
(E105). At the end of the B section is the G section, containing the general
plant operations and acid neutralization areas. The F section is a separate
building that houses the corrosive/reactive and flammable chemicals used
in the laboratory and where the hazardous waste collected from the
laboratory is stored for disposal (F103 B F106).

The laboratory has ten E-pure systemsin individual |aboratories for
delivery of 16 to 18 megohm-cm resistivity water. The deionized feed
water for these systemsis based in room B118. Sample storageis
accommodated in room E115 by two large locked walk-in coolers and one
locked cooler used for volatile storage only, and by several smaller
refrigerators in individual laboratories for storage of standards and
perishable supplies. All laboratories have appropriate safety equipment
including hoods, safety shower and eyewash stations, fire extinguishers,
first aid kits, personal protective equipment, and spill cleanup supplies.
Appendix B lists the laboratory analytical instrumentation and equipment
located in the facility.

R8L requires dl laboratory staff to be familiar with the contents of this
QM. R8L staff are expected to comply with its provisions and document
thoroughly any unavoidable or necessary deviations as soon as possible
after they occur. Any deviations, unavoidable or necessary, must be
discussed with and approved by the laboratory QA officer. Furthermore,
compliance with the intent of the QM will be part of management®routine
assessment of employee performance.

Section 2 Quality Systems



R8L has implemented severa specific activities as part of this quality
system. A discussion of each follows.

2.1 Establishment of Standard Operating Procedures (SOPs)

In order to provide consistency of performance and ease in documentation, certain
routine practices and analytical procedures are designated as requiring GLPs, GMPs and
SOPs. Table 1 lists these current and pending routine and analytical procedures. These
terms are defined in section 5 of this document.

All SOPsfor R8L use shall be written in compliance with EPA QA/G-6 Guidance for the
Preparation of Sandard Operating Procedures for Quality Related Documents and shall
provide sufficient detail such that atechnically qualified analyst can perform the analysis
without reference to other documents. The laboratory QA officer will be responsible for
review and approval of all SOPs. The laboratory QA officer will also maintain afile of

all current and antiquated SOPs. Laboratory staff will routinely use only the most current
version of any SOP unless project-specific data needs dictate otherwise. Each SOP will
be subject to review and revision every three years or whenever it does not reflect all
phases of current laboratory activities. A copy of the SOPs are kept by the laboratory QA
officer, their respective analysts, and are available on the 8-Net.

2.2 Use of Reference Materials

R8L uses standard reference materials (SRMs) and primary standards for calibration and
several anaysis quality checks. Only materials with purity or true values certificates are
ordered. SRM certificates are kept in the standards logbook or in aloose-leaf notebook
maintained by the person responsible for maintaining the chemical inventory. Certified
values for SRMs used asinitial calibration verification (ICV), spiking, tuning, or other
check sample applications must be traceable to recognized primary (EPA, ASTM, or
NIST) standards.

Performance and accuracy for the analysis of SRMs are verified by results from
instrument runs, and corrective actions are covered under individual analytical SOPs.

Balance calibration standards are NIST (National Institute for Standards and Technol ogy)
class Sweight sets calibrated to primary standards by the manufacturer. The class S
weights should be periodically re- calibrated by the vendor, and calibration certificates
are kept in aloose-leaf notebook by the laboratory QA officer.

Thermometers are calibrated, when required, using a set of nine NIST certified
thermometers. Certificates for all thermometry standards are kept in aloose-leaf
notebook by the laboratory QA officer.

Reference toxicants are used to judge the toxic endpoint-sensitivity of the test organisms
used for toxicity testing. Test organisms are exposed to reference toxicants and a Lethal
Concentration 50% (LC50) is determined. Control charts of LC50 concentrations are



generated using the results from the latest 20 reference toxicant test to assure that each
specie used in toxicity testing performs within an acceptable sensitivity range. Reference
toxicants which may be used at the Region 8 |aboratory are chosen based on the
recommendations of EPA /600/4-90/027F, Methods for Measuring the Acute Toxicity of
Effluents and Receiving Waters to Freshwater and Marine Organisms, 4" Edition.
Typicaly, potassium chloride is used as the reference toxicant of choice.

Microorganisms with known American Type Culture Collection (ATCC) designations
are purchased and maintained in pure culture for use as reference materiasin
microbiological analyses. Positive and negative controls are prepared with these cultures
and are analyzed concurrently with each sample set. Corrective actions and trouble-
shooting guides are provided at the end of each microbiological SOP which address
actions to be taken in the event of unacceptable control responses during anaysis.
Common microorganisms used for controls include Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Enter obacter aerogenes.

A macroinvertebrate reference collection is maintained at the Region 8 laboratory and
continues to increase as previously unavailable organisms are collected and identified.
This collection provides the basis with which unknowns may be identified or verified.
Additionally, athorough collection of macroinvertebrate keys are available for use during
taxonomic identification as described in EPA/600/4-90/030, Macroinvertebrate Field and
Laboratory Methods for Evaluating the Biological Integrity of Surface Waters.

2.3 Calibration Procedures

Analytical instruments and other measurement devices are calibrated prior to use using
appropriate calibration standards available from commercial sources. Calibration
standards and proper instrument operations are confirmed using ICV (initial calibration
verification) and CCV (continuing calibration verification) standard materials. The
ICV/CCV standards are either primary certified NIST SRMs or other certified standards
traceable to a primary standard from NIST or EPA that are different from the standards
used to calibrate instruments. Calibration is verified across the entire instrument run
using QC check samples with known statistical warning and control limits, or aCCV is
analyzed at the end of the instrument run. The SOPs for each analysis describe the
specific SRMs and QC check samples to be used and the corrective action required by the
analyst in the event of unsatisfactory results. Freshness of calibration standards,
ICV/CCV standards, and QC check samples are monitored by way of entriesin
instrument logbooks and control charts. New standards and QC check samples are
checked against old standards to verify continuity and continued validation of proper
instrument operations. Table 2 provides specific guidance with respect to the calibration
and performance measurements associated with specific analytical support equipment.

Balance calibration check: All laboratory analytical and pan balances are calibrated and
serviced once a year by alocal contractor. Before balances are used each day, calibration
is checked using class A weights according to GMP 822 A Cadlibration of Balances. @



Corrective action is taken when the balance control charts indicate out of control
conditions.

Eppendorf autopipette calibration: When dilutions are made using
Eppendorf autopipettes, delivery volumeis calibrated using the procedure
outlined in GMP 823 A Calibration of Eppendorf Pipettes @ .

Thermometer calibration check: When necessary, thermometers are
calibrated against the appropriate NIST thermometer. Laboratory air
temperature recorders are checked using a certified digital thermometer
calibrated to a NIST thermometry standard. Calibration datais recorded in
the appropriate logbooks.

Calibration ranges. Calibration concentration ranges are selected based on
the expected concentrations observed in most samples. When a sample
concentration is greater than the upper calibration limit, the sampleis
diluted with appropriate dilution solution to bring it within the calibration
curve. When a sample concentration falls below the lower calibration limit
the datais reported as less than the reporting limit (RL). If aresultis
requested by the client that is less than the lower limit theresult is
qualified as estimated (J) and explained in the case narrative. Calibration
check of balances and pipettesis performed if appropriate.

If corrective action isrequired, it is noted in the instrument performance
logbook. All calibration information is kept with the raw data and
appropriate copies are included in the laboratory QC file copy.

2.4 Analysis Quality Control Checks

Quality control checks are tests performed during an analysis (in addition to the ICV and
CCV mentioned earlier) that confirm accuracy and precision of analytical results. Where
applicable, results from these QC check samples are plotted on control chartsto
determine statistical warning and control limits using the guidelines found in chapter VI
of the Handbook for Analytical QC in Water and Wastewater Laboratories, EPA 600/4-
79-019. If statistical limits are not available due to a new standard being used or
infrequent analysis runs, the control limits specified in the drinking water methods or
those found in tables 5 B 10 are used. In no case are statistical limits allowed to exceed
those listed in tables 5B 10. Frequency of internal QC checks and applicable standards
for aparticular analysis are specified in the SOP. For some analyses, oil and grease, for
example, it isnot practical or cost effective to apply all possible QC checks. Depending
on the particular analysis, some or al of the following QC checks are run with samples.

Laboratory environment monitoring: Laboratory deionized water systems, water baths,
incubators, oven temperatures, and refrigerator temperatures are checked daily and results
are recorded in an appropriate logbook. Balance and pipette calibration checks. Balance



or autopipette calibration is checked before an instrument is used and the calibration
information is entered into the appropriate logbook.

Blanks: Reagent blanks and method blanks are used to detect
contamination in anaysis reagents. When samples are digested, blanks are
also digested.

Sample duplicates. Sample duplicates are run to estimate analysis
precision using relative percent difference (RPD).

Laboratory control sample: A laboratory control sample is a solution of
method analytes of known concentrations that is used to fortify an aliquot
of laboratory reagent blank or sample matrix. The laboratory control
sample must be from an external source different from the source of the
calibration standards. The laboratory control sampleis used to determine
accuracy using percent recovery (%R) or the acceptance criteria
determined and supplied by the vendor.

Matrix spikes: Another way to check matrix effects on analyte detection is
to add known amounts of the analyte (the spike) to a sample and compare
the spiked sample result to an unspiked sample. Spike results are evaluated
using %R and RPD cal culations that are compared to statistical warning
and control limits or table 5 limits.

Interelement correction standards: Analyses that produce multiple analyte
data, such asthe ICP, require interelement correction standards so that the
instrument data system can make the proper spectral interference
adjustments.

Tuning calibration standards: These materials are used to tune and verify
mass abundances in the mass spectrometer detector system on a GC/MS.
The acceptable abundance criteriafor drinking water are found in the
appropriate methods or for other analytical work in tables 3 B 4.

Reference toxicants are used as positive controls for whole effluent
toxicity testing (WET). The reference toxicant tests demonstrate the ability
of the laboratory to obtain consistent results.

The negative controls for WET testing are specified by the methods and
include al the test appropriate controls, e.g. brine, sediment, soil, and
dilution water.

Positive controls for microbiology are defined as controls that demonstrate
the medium can support growth and produce the specified or expected
reaction to the test organism.



Negative controls for microbiology are used to demonstrate that the
cultured samples have not been contaminated during sample
handling/preparation or other environmental exposure. These controls will
include sterility checks of media, and filtration, bottle, and buffer blanks.

A minimum of 10% of macroinvertebrate samples sorted by each biologist
will be resorted by another biologist to monitor the effectiveness of the
sorting process. The minimum acceptance limit for sorting effectivenessis
90%, however, sorting effectiveness can be expected to be greater than
95%. The sorting effectiveness will be cal culated using the formulafound
SOP 706. The results of the resort will determine any corrective actions
that need to be taken.

A minimum of 10% of macroinvertebrate samples identified by the
taxonomist will be checked to verify accuracy of species indentification
and counts by a second taxonimist. A percent error calculation will be
determined using the formula found in SOP 706. The maximum
acceptable percent error will be 10%. Percent errors greater than 10% will
require reidentifying and recounting of all samplesin the sample set.

2.5 Demonstration of Performance and Statistical Control

Theinitial demonstration of the Region 8 laboratory capabilitiesis based upon the regular
analysis of reagent blanks, field reagent blanks, and laboratory fortified blanks. Before
any samples are analyzed, the analyst must demonstrate that the laboratory reagent blank
(LRB) contains a background that is free of or less than two times the method detection
[imit (MDL). The limits used must be documented.

Region 8 laboratory accuracy and precision must also beinitially demonstrated. For
chemistry this entails the analysis of four to seven laboratory fortified blank replicates
containing the analytes of interest at a concentration range appropriate to the method
being used or by referencing the appropriate regul ation and maximum contamination
levels (MCLs). Preparation, analysis schedule, calculations, and acceptance criteria are
part of the standard operating procedures (SOPs) and the approved drinking water
methodologies. Control charting of these resultsis part of the protocol to document
laboratory data quality.

Toxicity testing also requires a demonstration of the analyst = s ability to obtain
consistent and precise results. Thisis accomplished by performing five reference toxicant
tests using the same reference toxicant with different batches of test organisms. The
reference toxicant must be at the same concentration with the same test conditions and
the same data analysis method. Control charts must be prepared for reference toxicant
combination. Once the control charts are established, annual testing must be performed to
maintain the proficiency status.



Demonstrations of capability for microbiology and macroinvertebrate sorting and
identification are based upon the factors found in section 2.4.

For each demonstration of capability (DOC) performed a certification statement must be
signed by the analyst performing the procedure, and a copy of the method, al raw data,
calibrations, and other documentation must be placed in the QA/QC files for that
anaysis. Thesefiles are kept in the custody of the laboratory QA officer. A copy of the
certification statement can be found in appendix C. A demonstration of capability must
be completed whenever a A significant change @ , takes place. Significant change refers
to achangein personnel, a change in matrix, instrumentation, or in analytical methods
that potentially impact the precision and accuracy of the output (e.g., a changein the
detector, column, or a method revision).

Detection limits and the definitions and methods used for determining them are always an
issue of controversy and lend themselves to a great deal of discussion. Tables 2B 3 list
the detection limits that must be met for drinking water certification. It is encouraged that
discussionsinvolving obtaining lower detection limits for a particular instrument be
presented at the time the laboratory services request (LSR) is being prepared or before, in
planning meetings. There are certain procedures that can be employed for some analyses
to attain lower limits. The following definitions are used by the Region 8 laboratory:

Instrument detection limit (IDL): The instrument detection limit is the ultimate lower
detection level for an instrument where analyte signal can be repeatedly distinguished
from background detector noise at maximum instrument sensitivity. Thisis determined
on clean standards that are serially diluted. IDLs can provide an indication of degraded
instrument performance or contamination but are seldom realized in real samples,
especially those with complex matrices.

Method detection limit (MDL): The MDL is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the analyte concentration is greater than zero (> 0) and is
determined from analysis of a samplein a given matrix type containing the
analyte. The MDL is a precision-based detection limit. It is determined
from the standard deviation extrapolated to O concentration, S , based on
repeated analyses of astandard material on severa different days. The
method for determining MDL is covered in 40 CFR Part 136, appendix B.
The actual MDL achieved in agiven analysiswill vary depending on
instrument sensitivity, matrix effects, and anal yte response.

Reporting limit (RL): The RL is defined as five timesthe MDL and isthe
concentration where statistically valid data can be reported. The laboratory
RL shall lie witin the calibration range, at or above the value where an
instrument can accurately measure an analyte at a specific concentration.

If arequested reporting limit is below the lower limit of the calibration
curve, the data reported must be qualified as estimated, A J, @ and
explained in the case narrative.



2.6 Control of Calibration Materials

All standard and reagent materials required for use by the Region 8 laboratory are
procured according to all applicable federal procurement regulations referenced in section
4. All standard and reagent materials upon receipt are logged into the chemical inventory
management (ChIM) system. This database uses a barcode identification system and
allows for tracking of standards and reagents from the time of arrival at the laboratory to
time of disposal. Specific reports can aso be prepared that provide information to the
chemists on the availability, location, and quantity of a standard or reagent. Other reports
required by the State and the local fire department can also be prepared. Specific
procedures for the use of this system are documented in GLP 820 A Administration of
the Chemical Inventory Management System, @ revision 1.0, February 2003. This
document also discusses the receipt of certificates of analysis and material safety data
sheets and explains how copies are distributed and where the originals are located.

2.7 Data Review and Reporting

Data generated by the Region 8 |aboratory are checked for completeness, accuracy,
precision, and quality conformance before being reported to the client. Corrective action
may be taken at any stage of the data review process. Thisinternal data verification
process consists of data generation, reduction, and three official levels of review. The
analyst who generates the analytical data has the prime responsibility for the correctness
and completeness of the data. Evaluation of data quality is based on the results of the QC
dataand the professional judgment of those conducting the review. This infusion of
technical knowledge and experience is essential in ensuring that the datais of consistent
high quality. Following are the steps taken by the Region 8 laboratory to ensure quality
datain all of the deliverables.

The analyst is responsible for theinitial review. Thisincludes verifying the following
items:

Sample preparation and analysis information is correct and complete.

Calibration data are scientifically sound, appropriate to the method, and
completely documented.

The appropriate SOPs were followed, and the L SR requirements were met.
Blanks, controls, duplicates, spikes, and other QC data that may have been
requested are within the limits specified by the SOP, the LSR, or the

anal ytical method.

Qualitative identification of sample componentsis correct.

Quantitative results (calculations) are correct and compl ete.



Documentation is complete for all anomalies in preparation and analysis,
such as any special preparations, corrective actions, holding times.

The narrative has been completed, and results have been entered into
LIMS,; the certificates of analysisfor al the samples are included, and
they have been checked for errors and then signed.

The second phase of verification is completed by a second analyst or peer
reviewer. A peer is someone who is familiar with the analytical procedure.
A minimum of 10 percent of the datais reviewed. Priority is given to
results that are above the RL. Checks of computer calculations and analyst
calculations are performed on arandom basis. Any questions or changes
that may be required are directed to the original analyst. The reviewer and
the analyst must agree on the results. This piece of the review is designed
to ensure the following:

All appropriate documentation has been followed (SOPs, LSRs, €tc.).

Calibration data are correct for the method used and completely
documented.

QC results are within the acceptable limits based on method, SOP, or LSR
information.

Qualitative identification of sample componentsis correct.

Quantitative results (calculations) are correct and compl ete.
Documentation is complete for al anomalies in preparation and analysis,
any specia preparations, corrective actions, holding times, and the like,
and the run and extraction logs are reviewed for completeness.
Certificates of analysis and the analyst = s narrative are checked for
completeness and accuracy and also for typographical and grammatical

errors.

The peer reviewer initials the certificate of analysisin the appropriate
location.

The data are ready for final data package preparation and archival.
Once the final data packageis prepared, it is delivered to the QA
Specidist for an interim review and is then delivered to the laboratory

QAO for afinal review. These reviews are to determine the following:

Verify completeness and general accuracy of the data package.



Check for typographical errors and inconsistencies in the report.

Verify that all sample numbers, stations, descriptions, dates, and times
match the chain of custody.

All analytical work has been compl eted.

All errors are corrected by the original analyst and documented. The peer
review form is signed and dated by the laboratory QA. Again the data
package is returned to the QA specialist for transmittal |etter preparation,
numbering of each section, preparation of the cover page, table of
contents, and preparation of the electronic data deliverable. Oncethisis
complete the laboratory QA officer performs another spot check of the
completed package before signing the transmittal letter and finally
delivering the package to the laboratory director for signature and release.

2.8 Performance and Systems Audits
The Region 8 laboratory will conduct internal, external, and performance audits.

Internal audits will include spot checks of equipment, records, calibrations, and selected
analyses. Internal audits will use the same check sheets used to perform the drinking
water certification audits. Refer to appendix D for copies of the checklists. The audits
will be conducted annually by the laboratory QAO.

External audits will be conducted by the Regional quality assurance manager (RQAM) on
atwo year basis. The RQAM organizes the laboratory quality system audits that involve
athorough formal inspection and review of laboratory operations, quality documentation,
and procedures. These audits help identify needed corrective actions, confirm that the
elements of the QM are being followed, and that the laboratory has the facilities,
scientific knowledge, tracking systems, and personnel to produce quality analytical data.

An external audit will also be conducted once every three years by EPA® Office of
Groundwater and Drinking Water for purposes of meeting the drinking water certification
requirements.

R8L currently analyzes performance eval uation samples (PEs) two times per year. These
are purchased from private vendors, one early in the year to meet the requirements for
drinking water certification, and one later in the year to ensure continued performance.
These samples are designated as water supply (WS) and water pollution (WP) samples,
respectively. In-house performance samples are aso analyzed with each sample set.
Results of these are available from the laboratory QA officer on request. These programs
are used to demonstrate analysis competency and to identify problemsin laboratory
analyses that require corrective actions.



Clients are encouraged to include blind QA samples with the project and provide
feedback as soon as problems are noted in performance. Assistance will be provided to
clients of proper selection and sources of QA blind samples. However, the laboratory
cannot provide these samples due to conflict of interest.

2.9 Approved Quality Assurance Project Plans (QAPP) Required

It has been R8L® experience that when samples have been taken without proper planning
as documented in an approved QAPP, the results from those samples are often of
guestionable and sometimes controversial merit. R8L requires al samples that it accepts
for analysis be covered by an approved QAPP, asrequired in Region 8= s Quality
Management Plan.

There are certain exceptions allowed to this requirement. Samples taken in support of
Region 8® Removal Program for emergency purposes may be collected under a generic
QAPP, "Emergency Response Branch Region 8 Quality Assurance Project Plan." This
QAPP has been prepared by the Removal Program, and it recognizesthe need in
emergency situations for quick actions by On Scene Coordinators and authorizes them to
bypass certain documentation requirements. R8L will not require a project-specific
QAPP for samplesthat are collected by the Removal Program or its contractors under this
generic QAPP. This practiceis specifically authorized in the Region 8 QMP.

When EPA accepts split or co-located samples from another party, EPA does not control
the sampling activities. Any EPA-produced QAPP would beirrelevant, and EPA may not
have regulatory authority to approve the sampling party® QAPP. Under these
circumstances, the EPA project manager for the sampling event must note in the LSR and
on the chain of custody that these are split samples and there is no EPA- approved QAPP.
This practice is specifically authorized in the Region 8 QMP.

Under extraordinary circumstances, an EPA project manager may apply to the R8L
Director for awaiver to this requirement. Such request must be written. Upon review of
the request and with the concurrence of the Region 8 QA manager, the Director may
waive this requirement for asingle event. The Director shall document such waiver or its
denial in amemorandum or letter to the requester within five working days.

Section 3 Personnel Qualificationsand Training

Certification of analyst skills and ongoing employee training and skills improvement is
fundamentally important to the production of quality data and continuous laboratory
quality improvements. Because of rapid changes in the technology of analytical
chemistry and the need to certify operator competency, management supports technical
training programs for all employees. The laboratory QA officer will maintain training
records for each staff member to document formal training and experience, and analyst
skill rating forms to document skill at individual analyses. New employee orientation
checklists will also be used to assure new staff are provided adequate orientation to our
personnel, safety, and quality policies.



Section 4 Procurement of Itemsand Services
The laboratory follows all applicable federal procurement regulations.

Genera supplies: The laboratory only purchases supplies from vendors with "known
qguality" materials but does not perform audit checks on vendors.

Requisitions for supplies and materials must provide exact quality
requirements including name of material, vendor®name and address,
vendor®lot number, quantity, specification number, date, and requisition
number. Justifications for noncompetitive procurement (sole source) are
used when quality requirements are paramount.

If available, supplies are ordered from vendors whose manufacturing
processes have been certified to SO 9000 standards.

Chemicals and solvents: All routine chemicals are ordered as ACS
(American Chemical Society) reagent grade unless higher purity sources
are also available at comparable costs.

Ultrapure or nanograde solvents or solutions are ordered with certified
analysisresults that are kept with other certificates for standard reference
materials (SRMs).

Reagent and solution purity is monitored at each individual analysis
instrument using analysis and method blanks. Corrective actions for
unacceptable blank performance are covered under the SOP for each
analysis. Accuracy of calibration standardsis verified at the analysis stage
using an independent certified SRM asthe initia calibration verification
(ICV) standard.

All volumetric glassware is ordered specified as ACS class A. No lesser
volumetric specification is permitted.

Control of incoming materials. When supplies are received, purchase
orders, receiving documents, and accompanying certifications are checked
against the order by the assigned lab staff personnel.

Accountable property isidentified and catalogued by the Property
Management Branch personnel.

Materias, chemicals, and standards having a finite shelf life are plainly
marked with an expiration date on the label or exterior container. They are
placed in the appropriate storage areas for chemicals according to
chemical compatibility (acid-base, solvent, etc.).



A computerized data base of existing chemical suppliesis maintained by
the laboratory and is updated on a quarterly basis.

Section 5 Documents and Records

Analytical and quality methods are implemented using procedures . The accurate and
complete documentation of all laboratory procedures, activities, and responsibilitiesis an
important element of this quality plan. Table 1 lists all laboratory proceduresin place that
are current and pending with this document. Original copies of al approved laboratory
procedures are kept in loose-leaf bindersin the laboratory QA officer = s office, located
in the A wing. The following describes the types and purposes of documents and
document control procedures used in our laboratory:

Laboratory logbooks and notebooks: Logbooks are for making entries and keeping
formal records of specific repeatable entry items and personal notebooks may have notes
and less structured data entries relating to specific project information or standard
preparations.

Standard operating procedures. SOPs are bench level instructions for
performing a specific analysis. These documents specify issues relating to
preventive maintenance, instrument operations and required logbook
entries, proper calibration, quality control, corrective action, calculations,
and reporting of data.

Good laboratory practices. GLPs are procedures that cover background
activities related to quality analytical work but not specifically associated
with asingle analysis. GLPs cover issues such as general cleanliness,
dishwashing, training, documentation, or corrective action.

Good measurement practices: GMPs are procedures that cover background
activities shared by all analytical procedures that directly relate to data
quality. GMPs cover issues such as balance and pipette calibration,
detection limits, control charting, and calculations.

Section 6 Infor mation Resour ces and M anagement

The laboratory has two mutually exclusive local area networks (LANS).
One network serves as the link to the downtown offices and supplies
agency software and e-mail. The other network is specific to laboratory
functions and islinked to two servers. The older server hasa UNIX
operating system and uses a software program devel oped by
NorthWestern Analytical for laboratory data storage and reporting. The
newer server is Windows NT based and the laboratory information
management system (LIMS) uses a Perkin- EImer program named
LABWORKS. Both systems require a double password to access the
server. The systems are backed up routinely by the system administrator.



In addition, achemical inventory database (ChIM from Vertere software)
ismaintained. The building is secured, requiring key card accessto all
exterior entrances and visitor sign-in at the reception area. All employees
must display appropriate ID, and visitors are accompanied at al times .

Section 7 Planning

The R8L mostly provides services in support of sampling events operated by other
organizations and is now playing akey rolein the actual planning of projects, through
discussions with the project managers, the laboratory QA officer, laboratory chemists,
biologists and microbiologists who may be involved in the project. R8L and the R8 QM
both require that all sample collection activities be adequately described in an approved
QAPP and SAP. This requirement has been discussed previoudly in section 2.9 of this
document.

Section 8 Implementation of Work Process

The Region 8 laboratory is dedicated to controlling and maintaining the integrity of all
samples that are accepted into the laboratory so that all data produced islegally
defensible. The laboratory sample receiving and custody procedures are thoroughly
documented in the Region 8 GLP 808 "Sample Receipt and Custody,@ revision 5.0,
March 12, 2001.

All work accepted by the Region 8 laboratory is agreed upon through the use of a
document called a Laboratory Services Request (LSR). This document provides
information regarding the sampling event, when the event will occur, what analytes are
being requested, QC requirements, what sampling materials are required, what assistance
may be required for actual sampling, and other information necessary for successful
completion of the project. A form for preparing this document can be accessed from the
home page of Lotus Notes by going to Admin Central and clicking on the Lab tab or
through the laboratory intranet site. The completed form is submitted to the laboratory
QA officer for distribution to the laboratory for possible revision and eventual
acceptance. When an LSR is accepted by the Region 8 laboratory the following steps are
taken:

Sample receipt: R8L has designed this function to be handled by the members of the
project team and not one specific person. The details of sample receipt and custody can
be found in GLP 808 as noted above.

Samplelog-in: Each sampleislogged into a LIMS computer that
maintains a chronological sample log and assigns a unique sample
identification number cross-referenced to the client®field identification
numbers and other information. All samples are placed in locked coolers
to prevent tampering. Upon completion of an analytical process the
unused portion of sample is returned to the cooler. The keys for the
coolers are kept in the sample receiving area (room E115) and must



remain there at al times. The chemist must check the samplesin and out
by recording the information requested in the sample checkout |ogbook
located in the sample receiving area. Only laboratory staff members are
authorized to have access to samples while they are stored in the coolers
and in the analytical areas (see GLP 808).

Project leader: Each project or batch of samplesis assigned to a designated
project leader . The project leader is the person who is responsible for
ensuring that all project quality needs, holding times, deadlines, and
specia documentation requirements (such as custody audit trail) are met.
Each project leader has an assigned backup referred to as a
biology/chemistry advisor.

The specific duties of project leader and the biology/chemistry advisors
aredetailed in GLP 810 A Laboratory Work Flow @ .

Datareview and reporting: Thisis covered in section 2.7.

Retention and ultimate disposal of samples: The laboratory retains client
samples for aminimum of thirty days after reporting final data. This
allows clients time to evaluate data and request re- tests; however, we
strongly recommend that clients review data on receipt so that potential
sample degradation and analyte loss is minimized. After this time samples
will be destroyed or disposed of. Hazardous waste and other toxic samples
are disposed according to applicable local and federal regulations.

Section 9 Assessment and Response

All R8L activities are conducted with appropriate quality control practicesin place.
These practices have been described in section 2 of this document. Each of these
activities has associated assessment criteria and indicated corrective actions built into the
system.

Section 10 Quality | mprovement

Laboratory analysts are trained and encouraged to recognize, document, and correct
problems that might affect quality. We are committed to a philosophy of continuous
improvement, meaning that corrective actions are an ongoing process central to
improving the quality and cost of our analytical work and enhancing customer
satisfaction with our products and services. The procedures, forms, and documentation
used for formal corrective actions are discussed in the individual |aboratory procedures or
the analytical quality control tables.

The laboratory director and the laboratory QA officer are responsible for directly dealing
with client complaints about data quality or incompleteness of data reports. Initial
discussions are handled by the project |eader, and the laboratory QA officer is responsible



for follow-up contacts with the client and initiation of any required formal corrective
actions.

Section 11 R8L Specific Requirements

Because the Region 8 laboratory is part of the Drinking Water Certification Program the
practices and procedures previously discussed follow those guidelines. However, the
Region 8 laboratory performs analyses on many types of samples that do not require or
cannot use the methods or the stringent measures taken for the Drinking Water
Certification Program. Because of this, other protocols have been developed. These are
referenced throughout this document.



Additional Comments:

What type of roof is at Alliance Building, there is no description, also specify size,
provide plan view.

The QAPP should include some relevant pictures.
Describe in detail weather stations. What are capabilities?

Are you performing ICP for water quality analyses? Try testing media components
separately.

Especialy for weir measurement, provide governing equations, estiamated of weir
coefficient, calibration curves. What is sensitivity of flowmeter and measuring
equipment? Preliminary Data should be included in QAPP. Flow should be checked
against calibration curve quarterly.

| doubt you will have sufficient flows during the summer.

How many storms will be monitored and why? Will you monitor irrigation? How will
discern effects of irrigating from storm flows?

Concentrations may be quite high from green roof for small storms, but loadings will be
small. What isloading estimation method? What are expected volumes form roof? What
isthe limit of detection for flow?



