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Background

 Human Health Risk Assessments 
(HHRAs) require the evaluation of 
existing and future exposure pathways 
and receptors

› often require the evaluation of a 
Construction Worker Scenario

 Construction worker scenario includes 
evaluation of exposure to volatile 
constituents migrating from 
contaminated soil and groundwater 

 Trench scenario represents a “worst-
case” scenario for exposure since air 
flow into and out of a trench is limited

 Trench scenario can be a human 
health risk driver – particularly for 
sites with large contaminant 
footprints



 Many of the pathways evaluated as part of HHRAs (i.e. 

dermal absorption and ingestion) have well defined 

exposure parameters to estimate the exposure 

concentration and subsequent risk

 Inhalation exposure concentrations within a trench are often 

estimated by combining:

› vadose zone model to estimate transport of vapor from the source 

to the trench (i.e. Fick’s Law)

› box model (to account for air mixing within the trench)

 Two primary assumptions must be made:

› dimensions of the trench

› air exchange rate within the trench

Trench Scenario



 VDEQ recommendations based on “urban canyon” study 

(air flow between sky scrapers)

 Based on review of scientific journals, default exchange 

rates have not been substantiated by measuring air 

exchange within a trench

Default Trench Air Exchange Rates

 Virginia Department of 

Environmental Quality (VDEQ)

recommends default air 

exchange rates where:
› if the ratio of width to depth is less 

than one – air exchange of 2 per

hour is recommended

› if the ratio of the width to depth is 

greater than one – air exchange of 360 

per hour is recommended



 Primary objective of the field study was to evaluate 

air exchange rates within a trench in relation to:

› dimensions of the trench

› ambient wind speed

› orientation of the trench relative to predominant wind 

direction

 Two field events conducted to evaluate air 

exchange rates, which allowed for estimation of air 

exchange:

› under different ambient conditions

› with varying trench lengths

› with different trench orientations

Objectives



 First field study included installation of four 

trenches of dimensions 8 feet long by 8 feet 

deep by 3 feet wide

› oriented North-South, East-West, Northeast-

Southwest, and Northwest-Southeast

 Second field study included installation of a 

single trench of dimensions 20 feet long by 8 

feet deep by 3 feet wide, oriented East-West 

(predominant wind direction)

 Study conducted in the Midwest at a 

former refinery site

Study Specifications



 Carbon dioxide was used as the 
tracer gas for estimating air 
exchange rates

 Sample ports consisting of an 
approximately 1-inch long by ½-
inch diameter stainless steel 
screen attached to ¼-inch 
Nylaflow tubing (secured on PVC 
piping) 
› placed within bottom of trench

› situated at approximate midpoint of 
the total length of the trench

 Trench covered with plastic 
sheeting and filled with carbon 
dioxide until concentration was 
approximately 50% or greater

Field Methods



 After the trench was filled with carbon dioxide the 
sheeting was removed and the concentration was 
recorded on 5 to 60 second intervals
› measured using a Landtec GEM 2000®

 Air speed within the bottom of the trench was also 
recorded on 1 second intervals
› recorded using a TSI Velocicalc® meter (Model 5725 or 

9555-P)

 Meteorological data including wind speed and 
direction, temperature, precipitation, and 
barometric pressure recorded on 10 minute 
intervals
› recorded using a  Davis Instruments Vantage Vue® 

Wireless Station

› located 50 feet upwind of the study area

Field Measurements



Ambient and Trench Air Conditions



 During the first field study - ambient air speed varied 

between 4 and 6 mph with gusts between 9 and 16 mph

 During the second field study – ambient wind speed 

near the study area was 5 mph with gusts between 13 

and 18 mph 

 Average annual wind speed for the study area between 

1974 and 2012 is between 5 and 8 mph, within the 

range of conditions noted during the study

 The average wind speed across the lower 48 states is 

generally greater than 5 mph (NOAA 2016)

Ambient Air and Trench Air Conditions



 Decrease of carbon dioxide concentration as a result of mixing 
with ambient air is assumed to follow first order exponential 
decay:

𝐶𝐶𝑂2 𝑡 = 𝐶𝐶𝑂2 0 ∗ 𝑒−𝐴𝐶𝐻∗𝑡

Where:

CCO2(t) = Concentration of CO2 at time t (ppmv)

CCO2(0) = Initial Concentration of CO2 (ppmv)

ACH = Air Exchange Rate (hour-1)

t = Time (hour)

 The air exchange rate can be estimated by plotting the natural 
log of the carbon dioxide concentration over time and applying 
a best straight-line fit to the data
› similar to air exchange studies conducted within structures

Estimation of Trench Air Exchange Rate



First Field Study Results



Second Field Study Results



Estimated Trench Air Exchange Rates

Trench Orientation
Estimated Air Exchange 

Rate 
(per hour)

Trenches with Dimensions of 8-feet long by 8-feet 
deep by 3-feet wide

North-South 40

East-West 79

Northeast-Southwest 43

Northwest-Southeast 34

Trench with Dimensions of 20-feet long by 8-feet deep 
by 3-feet wide

East-West 36

 Trench air exchange rates during 

field studies ranged from 34 to 79 

per hour with an average of 46 per 

hour for trenches with a ratio of 

width to depth that is less than one

› the default VDEQ air exchange rate for 

the same scenario is 2 per hour

› would apply at any site where average 

wind speed is greater than 5 mph

 Use of default values typically 

employed for trench scenario 

evaluations will result in over 

estimation of human health risk


