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» Air Quality Monitoring in Urban Locations

NCAR (Where Should Instrumentation Be Placed?)

e Common problem for many applications
— Facility protection
— Emissions monitoring

* Assessments and sensor placement analyses rely heavily on
transport and dispersion (T&D) modeling
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N\ Urban Chemical Sampler Placement
NCAR (Analysis Methodology)

21-Year
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N 21-Year Global Climate Database

NCAR (Climate Four Dimensional Data Assimilation System (CFDDA))
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N 21-Year Global Climate Database
NCAR (Developed to Support T&D Modeling Applications)

* Global database

— 21 Year (1985-2006)

— 40 km horizontal resolution
mporal resolution
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N\ 21-Year Global Climate Database

NCAR (Captures Variability in Variables Relevant to T&D)

Observations KMHK Global Climate Database for KMHK

SpdAve=4 SpdStd=2 DirAve=182 No Calm Reports Nwnd=37214 SpdAve=4 SpdStd=2 DirAve=205 No Calm Reports Nwnd=50520

Frequency circles every 5%. Mean speed indicated. Frequency circles every 5%. Mean speed indicated.
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N\ Urban Chemical Sampler Placement
NCAR (Analysis Methodology)

Weather
Pattern Classifier
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Weather Pattern Classifier

NCAR
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N\ Weather Pattern Classifier

NCAR (Determining Representative Weather Conditions)
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* Self-Organizing Maps (SOM) technique Heat Flux (200 Records)
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Weather Pattern Classifier
(SOM Lattice Maps)

10-m Winds 2-m Relative Humidity
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N\

Weather Pattern Classifier

NCAR (SOM Lattice Maps)
Stability Classification
Wind velocity (V) on Daytime period - Insolation | Nighttime period — Cloudiness
reference height of 10 m (m/'s)

Strong | Moderate | Slight | Thinly overcast | <= 3/8 cloud
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Pasquill Stability Classification Node
Map utilizing 10m velocity and
incoming solar radiation.
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*Based on: Pasquil (1961), Venkatram (1995), Mohan and Siddiqui (1998)



N\ Weather Pattern Classifier

NCAR (SOM Frequency of Occurrence and Representative Date)
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N\

Weather Pattern Classifier
NCAR (Representative Date and Time for Each Weather Pattern)
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N Weather Pattern Classifier
NCAR (Example: Node-190, Highest Frequency Pattern)

Date and Time: 08.14.1986 — 06:00
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N\ Urban Chemical Sampler Placement
NCAR (Analysis Methodology)

Dispersion Models

Urban Wind Flow
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N Dispersion Models
NCAR (Urban Wind Flow Models)

®* Quick Urban Industrial Complex (QUIC) dispersion modeling
system

— Developed by Los Alamos National Laboratory, USA

— Based on the Rdckle (1990) formulations

— Utilized building geometries from Boulder, CO, USA

— Provides “Building-Aware” wind flow and building wind loading pressures

2-m

2-m Wind Speed 2-m Wlnd Vectors Perturbation Pressure
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eDenotes infiltration/exfiltration points (eg. windows, doors, etc.)
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N Dispersion Models
NCAR (CONTAM Interior Dispersion Model)

e Utilized the United States (US) National Institute of Standards and
Technology (NIST) CONTAM model

— Indoor air transport and dispersion model

— Wind pressures acting on building exterior

— Buildings are modeled as idealized zones with appropriate flow paths
* Provides

— Chemical concentrations in a interior zone

— Chemical material flow directions and infiltration/exfiltration rates
2-m
Perturbation Pressure

2-m Wind Speed

(sjw) psads
meters

-220 240 260 280 300 320 340 350 380 400
Meters Meters Meters

eDenotes infiltration/exfiltration points (eg. windows, doors, etc.)
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NCAR
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NCAR
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N Dispersion Models
NCAR (Example: QUIC-PLUME Exterior 5 Hour Dosage)
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N\ Urban Chemical Sampler Placement
NCAR (Analysis Methodology)

Detection Maps
Dosage Map

- Dosage Distributions

R134A Concentration at 06:05:
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N Detection Mapping

NCAR (Frequency Scaled Dosage)

Dosage Frequency Distributions

Frequency Scaled Dosage
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N Detection Mapping

NCAR (Dosage Distributions)
Arbitrary Sampler Minimum Detection Thresholds Signature Science LLC.
Logistically-enabled
‘%\ Sampling System (LESS™)
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N Detection Mapping

NCAR (Probability of Detection (POD) Calculations)
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Distance (m)

NCAR

10° Detection Threshold

Distance (m)
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Detection Mapping
(Probability of Detection Maps)
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N\ Conclusions
NCAR

e Determining sampler placement in complex urban
environments is challenging

* Demonstrated method meets this challenge
— Characteristic weather
— High fidelity modeling solution

— Tunable
Sampling duration/time Probability of a 30 Min Dosage > 10-° gsm-3
Location :
Sampler characteristics
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N\ Questions

NCAR
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