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Executive Summary

Wildfire is a frequent perturbation in shrub steppe ecosystems, altering the flora, fauna, atmosphere,
and soil of these systems. Research on fire effects has focused mostly on natural ecosystems with
essentially no attention on engineered systems like surface barriers. The scope of this project is to use a
simulated wildfire to induce changes in an engineered surface barrier and document the effects on barrier
performance. The main objective is to quantify the effects of burning and the resulting post-fire
conditions on alterations in soil physical properties, hydrologic response, particularly the water balance,
geochemical properties, and biological properties. A secondary objective is to use the lessons learned to
maximize fire protection in the design of long-term monitoring systems based on electronic sensors.

A simulated wildfire will be initiated, controlled, and monitored at the prototype Hanford barrier in
collaboration with the Hanford Fire Department during the fall of 2008. The north half of the barrier will
be divided into nine 12 x 12 m plots, each of which will be randomly assigned a fuel load of 2 kg/m? or
4 kg/m?. Each plot will be ignited around the perimeter and flames allowed to carry to the center. Any
remaining unburned vegetation will be manually burned off using a drip torch. Progress of the fire and its
effects will be monitored using point measurements of thermal, hydrologic, and biotic variables. Three
measures of fire intensity will be used to characterize fire behavior, 1) flame height, 2) maximum
temperature at three vertical profile levels, and 3) total duration of elevated temperature at these levels.
Pre-burn plant information, including species diversity, plant height, and canopy diameter, will be
measured on shrubs from the plots to be burned and from control plots at the McGee ranch. General
assessments of shrub survival, recovery, and recruitment will be made after the fire. Near-surface soil
samples will be collected pre- and post-burn to determine changes in the gravel content of the surface
layer so as to quantify inflationary or deflationary responses to fire and to reveal the ability of the surface
to resist post-fire erosive stresses. Measures of bulk density, water repellency, water retention, and
hydraulic conductivity will be used to characterize changes in infiltration rates and water storage capacity
following the fire. Samples will also be analyzed to quantify geochemical changes including changes in
soil pH, cation exchange capacity, specific surface area, and the concentration of macro nutrients (e.g., N,
P, and K), and other elements, such as Na, Mg, and Ca, that are critical to the post-fire recovery
revegetation. Soil CO, emissions will be measured monthly for one year following the burn to document
post-fire stimulation of carbon turnover and soil biogenic emissions. Surface and subsurface temperature
measurements at and near monitoring installations will be used to document fire effects on electronic
equipment.

The results of this study will be used to bridge the gaps in knowledge on the effects of fire on
engineered ecosystems (e.g., surface barriers), particularly the hydrologic and biotic characteristics that
govern the water and energy balance. These results will also support the development of practical fire
management techniques for barriers that are compatible with wildfire suppression strategies.
Furthermore, lessons learned will be used to develop installation strategies needed to protect electronic
monitoring equipment from the intense heat of fire and the potential damaging effects of smoke and fire
extinguishing agents. Such information is needed to better understand long-term barrier performance
under extreme conditions, especially if site maintenance and operational funding is lost for activities such
as barrier revegetation. Given the unique performance baseline data collected to date at the Hanford
Prototype Barrier site, DOE representation for this project will continue to seek appropriate funding to
continue post-burn monitoring for at least the next five years. Available funding will be identified in
budget guidance provided by DOE to the Plateau Remediation Contractor.
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Figure 3.1. Schematic Plan View of the Barrier’s Surface Showing Monitoring Stations, the Runoff Plot,
the 3 x 3 M Grid, and the Nine 12 x 12 M Plots to Be Used for Comparing Fuel Loads on Fire
Intensity.

Figure 3.2. Photographs of the Barrier Surface and Gravel Side Slope Showing Examples of Monitoring
Infrastructure on the Surface That Will Need Protection From the Simulated Fire.
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Six minirhizotrons, constructed of clear acrylic tube, were installed on the barrier to measure root
distributions as part of the CERCLA treatability test (DOE 1998). These tubes will be used for root length
density measurements but have not been used in over 10 years. The tubes will first be assessed to
determine their condition, cleaned, and replaced, if necessary.

For the simulated fire, it will be necessary to import fuel onto the barrier to increase the fuel load.
This material will have to be weighed and the moisture content determined. An electronic balance will be
temporarily installed to weigh the imported fuel, which is expected to consist of dead sagebrush and
tumbleweed. To minimize the migration of tumbleweed and other fuel to the east into the BY tank farm,
a 4 ft high safety fence (orange plastic netting) will be installed along the east side of the barrier. Some of
the planned measurements, for example, hydraulic conductivity using the tension infiltrometer, and
nondestructive surface moisture and density measurements require that the soil undergo some preparation
to remove rough surfaces prior to measurement. Small voids, cracks, or holes will be filled with silt loam
from the storage pile to accomplish this.

Progress of the fire will be documented using a video camera configured to view the entire burn area.
Prior to the burn, a tower for installation of the video camera will be installed and the camera system
mounted and tested. During the fire, flame height will be measured by recording elevation of the flame
on flame-height rods mounted within each plot. Flame height rods will be constructed of galvanized
pipe and painted in alternating black and white 10 cm sections to permit easy determination of flame
height. Each unit will be self supporting to allow installation without the need to core into the barrier
surface.

Fire intensity will be determined from temperature measurements made in each of the 12 plots using
thermocouples. These thermocouples will be installed at different elevations above the surface by
mounting on metal towers. These self-supporting towers will also be constructed of galvanized pipe with
branches at appropriate heights for installation of the thermocouples. A photograph of several prototype
towers is shown in Figure 3.3. A similar design will be used to monitor flame height.

Figure 3.3. Photograph of Thermocouple Towers to Be Used for Monitoring Temperature at Different
Elevations During the Simulated Fire. A tower with one thermocouple is shown in the
foreground.
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3.3 Pre- and Post-Fire Biological Monitoring

Wildfire can strongly affect plant community composition and structure. Thus, both plant and small
mammal information will be collected pre- and post burn. Plant information to be collected includes a
species list for the formerly irrigated (north) section and formerly non-irrigated (south) section of the
barrier and for the north and west side-slopes. Shrub height, greatest canopy diameter, and the diameter
at the center of the plant perpendicular to the greatest diameter will be measured on a minimum of
25 shrubs each from sections of the barrier. General assessments of shrub survival, re-sprouting, and
recruitment will be made. A similar type of assessment will be made on an undisturbed site located on
representative silt-loam surface (e.g., McGee ranch) to serve as a control.

3.31 Fuel Load Characterization

In a recent study, De Macro et al. (2005) compared two different fuel loads, 4 kg/m* and 2 kg/m?. The
4 kg/m? load resulted in complete combustion of the vegetation whereas 2 kg/m? resulted in only partial
combustion. Nevertheless, both fires induced long-lasting decreases in soil organic matter and in the total
and available fractions of nutrients and trace elements. Thus, before the fire is initiated a number of site
properties will be characterized to determine fuel load and need for additional fuel. As shown in
Figure 2.3, there are significant differences in plant density and fuel load on the surface. Fuel
characteristics will be measured with a geostatistical sampling scheme (Robichaud, 1996, Robichaud and
Miller, 2000).

In addition to fuel characteristics, the biomass of the cover will be estimated. This will be done by
measuring the canopy characteristics of height, greatest width, and greatest diameter at right angles to the
greatest width on Artemisia tridentata (sagebrush). These measurements will be made on ten individual
plants off the barrier surface that cover the range of plant sizes on the barrier surface. These ten plants
will then be harvested, weighed, dried, and weighed again. This will allow us to compute fuel moisture
content. These canopy characters will then be measured on at least 30 individual A. tridentata plants on
the barrier surface to estimate shrub fuel density.

Biomass of other fuel components on the surface will also be estimated. Some areas of the barrier
surface are quite sparse in vegetative cover and will require an increase in biomass in order to reach
representative fire intensities and severities (e.g., Figure 3.4a). Other fuel components are primarily
Salsola kali (tumbleweed). Tumbleweed is already lodged among the A. tridentata plants on the surface
(Figure 3.2, Figure 3.4) and more may be brought in to ensure a complete burn of the surface. Ample
amounts are typically available near to the barrier. Figure 2.3 shows a large accumulation of dry tumble
weed at the southeast corner of the barrier. A similar accumulation is shown at the northeastern base of
the eastern riprap slope (Figure 3.4b).
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Figure 3.4. Photographs of the Barrier’s Surface (a) Sparse Vegetation on the Surface Suggesting Need
for Increased Fuel Load to Ensure Realistic Fire Characteristics, Some Salsola Kali
(Tumbleweed) is Already Logged Among Sagebrush Plants, and (b) The Rip Rap Side Slope
of the Barrier Showing an Accumulation of Tumbleweed. Dead sagebrush and tumbleweed
will be imported to the barrier surface to increase the fuel load.

Given that ground cover will be estimated before the fire in each of the sample quadrants on the
surface, relations between tumbleweed biomass cover will be developed. This will be done by estimating
tumbleweed cover in a quadrant and then collecting the biomass and weighing it. A sample of collected
biomass will then be weighed separately and oven dried so biomass can be expressed as oven dried
biomass. This estimation will be done on 5 to 10 plots covering the range of tumbleweed cover on the
surface. Additional tumbleweed biomass will be brought onto the surface to be loaded into plots that are
lacking in sufficient fuel to carry the fire. However, the amount of S. kali needs to be estimated and the
precedent for this is currently lacking. For the actual test, each 12 x 12 m plot will be randomly assigned
one of two different fuel loads, 2 kg/m? or 4 kg/m®.

3.3.2 Plant Root Distributions

The traditional approach to evaluate root biomass is to harvest roots using soil cores and trenches, but
this is destructive, labor intensive, and interrogates only limited soil volumes. Root or minirhizotron
cameras are nondestructive and relatively fast. Transparent plastic tubes are typically buried to a depth of
1 m (at an angle of 45) in the soil to allow a digital camera to be periodically lowered for photographing
roots through the wall of the tube. These photographs can be used to monitor the growth of roots over
time. By comparing the lengths of roots in digital images taken at different times, a quantitative estimate
of a plant's allocation to root biomass over the corresponding time period can be determined.

A Circon Agricultural Camera minirhizotron system will be used to map root length densities at the
barrier. Six minirhizotrons, constructed of clear acrylic tubes (51 mm id.) were installed in the north and
south portions of the surface at an angle of 45° to the surface at the start of the treatability test (DOE
1998). Root observations will be made through the minirhizotrons on the north side of the barrier. Videos
of each root tube will be examined to compute root length density. This will be done by counting each
root that intersects with the tube surface and each intersecting branching root from a root already in
contact with the tube. Roots will be counted separately for live and dead roots. Post-fire monitoring will
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continue to track the ratio of live to dead roots and the time to complete root death and the formation of
preferential flow paths, if any. Live roots are white to brown and turgid with some roots having root
hairs. Dead roots are dark in color and contracted within root channels in the soil. However,
differentiating live from dead roots is subjective. Counts will be taken in an area the width of the viewing
area (1.55 cm) and 10 cm long. The count data are then divided by the observation area to yield a root
length density value (Upchurch and Ritchie 1983, 1984).

In addition to root camera measurements, geophysical methods will be used to investigate the shape
and behavior of the roots in the subsoil. Two techniques that have been finding increased application for
indirect estimates of root volume are ground penetrating radar (GPR), and electrical resistivity (ER)
(Butnor et al. 2001, Hruska et al. 1999, Wielopolski et al. 2000, Stokes et al. 2002). GPR is a portable,
non-invasive technique and has perhaps the highest resolution of any subsurface imaging method. GPR is
capable of detecting the distribution of the roots in the subsoil with fairly high resolution compared to
other noninvasive methods. The ER technique measures the subsurface distribution of the volumetric
resistivity from a large number of current and potential measurements using electrodes installed at the
surface. Three dimensional ER can be useful in correlating the recovered resistivity distribution with root
volumes. By accurately calculating the soil resistivity it is possible to detect soil water, fine-textured soil
layers, and soil voids. It is also possible to reconstruct sections of the ground that can be used to choose
and calibrate the parameters for GPR surveys.

High-resolution 3-D GPR, broad-band electrical conductivity, and electrical resistivity surveys will be
conducted on perpendicular lines at a high enough density to allow detection of roots and other features.
The frequency of the GPR will be chosen such that depth of penetration is between 1.5 m and 2 m.
Conductivity and resistivity surveys will be performed with a fine enough resolution to permit
construction of a 3-D model of the subsurface and to allow the mapping of the complex root systems.

3.3.3 Canopy Characteristics

Vegetation surveys will be conducted to characterize density, ground cover, and leaf area index (LAI)
in three communities in silt loam soils to cover the range of common density and cover (low, medium,
and high) before the fire. This will also be done to determine if a thinning treatment is needed on the
unburned portion of the barrier surface. Three study areas will be chosen in McGee Ranch soils or very
similar soils. The three communities chosen will then be sampled to estimate plant density, cover
distribution, and leaf area index. This sampling will be performed on the barrier with measurements at
McGee ranch to serve as controls for this type of ecosystem.

On the barrier cover surface, sagebrush density will be determined by counting the number of
individual rooted shrubs in each of the nine 12 x 12 plots on the north half of the barrier and a similar
number on the south. In each plot the number of shrubs in at least three age classes will be counted.
These age classes are 14 years old, 3 years old, and new seedlings. The density of gray rabbitbrush will
also be determined on the surface. Measurements will be made at the McGee Ranch to serve as a control.
There, an area of similar size to the barrier surface will be located and a 12 x12 m grid also established
for sampling to determine shrub density by age class. Ground cover will be determined in the same plots
as those used for density determination at the three field sites. These measurements will be made by
visual inspection for each species, litter, and bare soil. Soil cryptogam type will be determined and
ground cover will also be estimated. In addition, soil cryptogams will be monitored for species and cover
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before and after the fire. Ground cover will also be determined on the north and west side slopes of the
barrier. LAI will be estimated, using a LiCor Plant Canopy Analyzer, on each plot at the three sites to
determine density.

When considering the impact of wildfire, the ability of a plant species to re-sprout after fire and the
ability to recruit from persistent seed banks are two of the desirable attributes of an ideal species for
revegetation. In terms of understanding wildfire effects on post-fire regeneration, relationships between
measures of fire intensity, such as maximum temperature or heating duration ,on the survival of seed
banks will be evaluated. The seed bank on the barrier will be assessed in each of the 12 x12 m plots by
collecting surface soils and germinating seed in the greenhouse. Plant water potential will be assessed
before and after the fire (as possible on re-sprouts) and in the unburned half before and after the fire.

3.34 Small Mammal Habitat

The important ecological role of small mammals, along with their ubiquitous nature, makes them
important tools in clarifying and comparing the effects of fire on habitat change (Larsen et al. 2007).

In order to understand the pattern of small mammal communities within engineered ecosystems
altered by fire, the composition, demography, and variation of small mammals and insects on the north
half of the barrier will be examined. Measurements will be made pre- and post burn with the south,
unburned half acting as the control. The barrier surface will be examined for evidence of use and
intrusion (burrowing) by insects and small mammals. Indications of animal use include direct
observation and presence of droppings, tracks, nests, burrows, holes, or resting spots. Small mammal
traps will be used to positively identify vertebrates on the surface before and after the fire to the extent
possible.

3.4 Simulated Wildfire

The fire will be initiated and managed by the Hanford Fire Department in accordance with the HFD
2008 Annual Prescribed Fire Proposal (Appendix A). If available, spot weather forecast should be
obtained at least one-hour before initiating the burn. The Hanford Meteorological Service’s weather
stations at http://etd.pnl.gov:2080/HMS/ will be used to monitor conditions during the burn. Site-specific
information will also be used. Burning prescriptions for air temperatures of 80°F to 90°F, relative
humidity between 15% and 60%, and wind speeds between 0 m/s and 3 m/s at the lower humidity and up
to 8 m/s (18 mph) at the higher humidity. Spot weather forecast information will be solicited from the
National Weather Service in Pendleton, Oregon. HFD units at the test site will have foam lines used as
breaks, minimal impact suppression tactics will be enforced in these areas. The simulated fire test will be
conducted on the north half of the barrier and will include both the silt loam cover and the gravel side
slope (Figure 3.5). A 3-m wide line of fire retardant foam will be used to protect the south portion of the
barrier during the burn.

3.4.1 Silt-Loam Cover

Each 12 x 12 m plot will be ignited around the perimeter with a drip torch and the flames allowed to
carry to the center. Ignition will be performed at a rate to meet prescription objectives. Any plots with
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Figure 3.5. Schematic Plan View of the Barrier’s Surface Showing Proposed Burn Area on
the Gravel Side Slope and Silt-loam Surface. A 3 m wide line of fire retardant
foam will be used to protect the south portion of the barrier during the burn.
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incomplete combustion after the simulated fire will be burned off using a drip torch. All areas will be
monitored until threat of spotting has ceased. The fire will be documented from ignition through
completion using a variety of methods. Progress of the fire will be documented using a tower-mounted
video camera configured to view the entire burn area. After the burn, the surface will be examined and
recorded to identify any mosaic patterns that are indicative of variable fire severity. Additional still
photographs will be recorded using digital cameras. Digital time-lapse photography will also be used to
monitor ecological succession after the burn. Flame height will be determined using decimeter scale
flame height rods (black and white metal rods) installed outside at the edge of plots. Flame height will be
measured by peering through the flames to the meter stick and recording elevation of the flame.
Photographs will also be taken as the fire passes each rod. Flame speed will be determined by measuring
the time to travel from the ignition line to the thermocouples, which will be located 3 m from the edge of
the plot.

Fire intensity will be determined from temperature measurements made at the center of each of the
nine 12 x 12 plots (Figure 3.1). Measurements will be made using fast-response J-type thermocouples
(e.g., diachromel-alumel) with fire-resistant insulation mounted on a metal tower. Thermocouples wires
will be wrapped in aluminum foil to provide additional protection if necessary. Temperatures will be
measured at, (1 the surface, (2 5 cm and 10 cm below the surface, and (3 above the surface at elevations
of 15 cm, 50 cm, 100 cm, and 200 cm. Above-ground thermocouples will be mounted on a metal tower
located at the middle of each plot. Temperatures will be scanned continuously and the maximum
temperature recorded every 15 seconds, before, during, and after the fire until the surface cools back to
ambient conditions. Each thermocouple will be connected to a Hobo datalogger, which will be housed in
a fire-poof box at the base of each tower. In addition to the thermocouples, the existing array of HDUs
will be reprogrammed to measure soil temperature as the fire proceeds. Heat dissipation units are
currently installed at depths of 175.05 cm, 125.05 cm, 80.05 cm, 45.05 cm, 23.05 cm, and 7.5 cm below
the surface.

Fire intensity is a good indicator of above-ground fire effects such as scorching height and other
biological impacts (Albini 1976, Borchert and Odion 1995). Three measures of fire intensity will be used
to characterize fire behavior, 1) the maximum temperature at three vertical profile levels, 2) total duration
of elevated temperature at these three levels, and 3) fire line intensity. Elevated temperature duration will
be determined by summing the areas under the curves above pre-ignition ambient temperature at each
thermocouple. Fire line intensity represents the active front of a fire or the rate of energy release per unit
time per unit length of the fire front due to flaming combustion. Fire line intensity will be calculated
according to Byram (1959) as

| =HWR (3.1)

where H is the heat of combustion (kJ/kg of fuel), W is the consumed fuel, and R is the rate of fire spread
(mf/s), giving a fire line intensity, I, in K/Wm. The average value for the total heat of combustion for a
wide range of plant fuels is 18,700 kJ/kg (Johnson, 1992). Other measures of fire intensity, such as the
maximum temperature and duration of heating, will also be measured because they sometimes have
greater effects on ecological components such as seed banks (Beadle 1940, Armour et al. 1984, Bradstock
and Auld 1995, Brooks 2002). Least-squares regression will be used to evaluate relationships between
different measures of intensity.

3.10



3.4.2 Gravel Side Slope

In addition to testing the performance of a capillary barrier design with an ET barrier top-soil
component, the Hanford Prototype Barrier was constructed using two different side-slope designs: (1) a
relatively flat apron (10:1) of pit-run sand and gravel on the west side and (2) a relatively steep (2:1)
embankment of fractured basalt riprap on the east side. These side-slope designs were constructed to
evaluate water infiltration and material stability. Both side-slope designs have remained stable. The
riprap side-slope remains barren for the most-part while there has been a slow, but persistent increase in
vegetation on the pit-run sand and gravel side-slope. The vegetation on the pit-run sand and gravel side-
slope is sparse, and comprised primarily of rabbit-brush and some perennial grasses.

A portion of the west gravel side-slope of the barrier will also be burned. Due to the sparse
vegetation and lack of fuel, each plant will be individually burned using a drip torch after the surface
portion of the barrier has been burned and fire crews are in a "hot-spot" monitoring mode. The primary
objective of burning the west side-slope is to evaluate natural revegetation on a portion of the barrier that
has a different soil composition than the main surface of the barrier (i.e., pit-run sand and gravel versus
fine-grained silt loam). Moisture monitoring can be conducted using three horizontal neutron probe
access tubes that are within the confines of the pit-run sand and gravel side-slope area. In addition, runoff
will be evaluated.

Approximately 40 meters to the northwest of the pit-run sand and gravel side-slope is a drum storage
area for investigation derived waste (IDW) collected during 200-BP-5 Groundwater Operable Unit well
drilling activities. The drill cuttings may contain low levels of Technetium-99 as a result of a regional
groundwater plume underlying the area; however, laboratory results for volatile and semi-volatile
organics are below detection limits. The “F” codes listed on the drums are based on information provided
in WAC 173-303-9904, “Dangerous Waste Source List,” and are a result of a past decision regarding the
application of listed waste codes to secondary solid wastes related to well construction, maintenance, and
sampling. This decision is documented in an August 1, 2000 Environmental Restoration Contractor
(Bechtel Hanford, Inc.) interoffice memorandum (#081034, J. Borghese to Distribution). However, the
IDW drums and their contents should not be a concern from the barrier burn perspective as laboratory
analyses for volatile and semi-volatile organics were below detection limits. Furthermore, the Hanford
Fire Department has the option to put down a “foam line” to prevent the fire from encroaching upon the
IDW drums, if needed.

3.5 Fire Effects on Hydrophysical Properties

Soil properties will be characterized pre- and post burn to quantify any changes in hydrophysical
properties resulting from the fire. A suite of standard tests will be conducted to characterize these
properties. Soil texture will be determined using a combination of wet sieving and hydrometer. In
addition, a number of specific tests, described below, will be conducted.

3.5.1 Surface Layer Composition and Inflation/Deflation

During construction, the top 1 m fine-soil surface layer of the barrier was amended with the addition
of 15 wt.% pea gravel as a means of protecting soil erosion (Ligotke 1994, Ward et al. 1997, DOE 1998).
Long-term changes in the surface layer composition may be expected as the surface ages under both
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deflationary and inflationary influences of soil loss or gain. Changes in surface layer composition may
also be expected following a fire that removes the vegetation and surface litter that protects the soil
surface from raindrop impact and erosion by water and wind.

Measurements of surface composition will be conducted on soil samples collected from the barrier’s
surface. Four core samples will be collected from the four 3 x 3 m quadrants of each plot. Samples will be
collected by coring the soil column in two increments, one from 0 cm — 2 cm to collect a “surface”
sample and the other from 2 cm - 10 cm to collect a “bulk” sample. Each sample will be analyzed to
determine the particle size distribution. Soil samples will separated into four grain-size fractions, namely,
gravel, sand, silt, and clay and sub classes (very coarse, coarse, medium, fine, and very fine) based on the
logarithmic Udden-Wentworth grade scale (Wentworth 1922). In this scale, the boundaries between
successive size classes differ by a factor of two. Dry sieving will be used to separate gravel and other
particles greater than 2 mm in diameter. The wet sieving/hydrometer method will be used to determine
particle size distributions of the < 2 mm fraction and will be performed according to the methods of
ASTM (2007) and Gee and Bauder (1986).

Sample-size fractions by weight will be converted into percent-by-weight passing each sieve and
plotted as a curve on a semi-logarithmic scale to give the grain size distribution. The percentage of each
size fraction will be used to determine texture according to the USDA classification and the Unified Soil
Classification System specified by ASTM D2487-00 (ASTM 2000). Grain-size statistics will be
calculated from the grain-size distributions using the methods described by Ward et al. (2006). The
particle size moments of the distributions and the related coefficients, e.g., coefficient of uniformity, C,,
and coefficient of curvature, C., d-values of the gradation curve (dye, dso, dgs) will be calculated from the
grain-size distributions using the methods described by Folk (1980).

Samples will be collected prior to the burn to establish the initial condition and to quantify the amount
of inflation or deflation that has occurred over the last decade of the barrier’s life. Sampling and analysis
will continue after the simulated fire to document deflationary and/or inflationary periods and the
conditions under which they occur. During deflationary periods, the visible exposed concentration of pea
gravel at and near the surface is expected to increase and form armor as soil particles are removed by
wind. During inflationary periods, a layer of soil that is largely free of pea gravel is expected to form on
the surface. These data should reveal the ability of the surface to resist erosive stresses after fire and
provide insight into changes in surface composition relative to the bulk composition of the top 1 m of
admix.

3.5.2  Fire Effects on Soil Wettability

Wettability of soils has a considerable impact on water movement, particularly on infiltration and,
therefore, surface runoff. An important phenomenon affecting infiltration or water movement in soils is
the hydrophobization of originally wettable mineral particles by coatings of organic substances of
different origin (Wallis and Horne 1992). Fires are known to lead to hydrophobization, inducing water
repellency, and changing the mechanical properties of surface soils to impact soil erosion and
hydrological response to precipitation events. Plant residual wax and lignin components are often
residuals from combustion and the extent of hydrophobization is dependent on several factors including
soil texture and soil moisture content during the fire. The severity of water repellency measured on dried
soil samples, the so-called “potential” water repellency, can be used as a parameter for comparing soils
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with respect to their sensitivity to water repellency. To quantify the importance of this phenomenon at the
barrier, measures of water repellency will be made on soil samples prior to the burn and at different times
after the burn.

Measurements of water repellency will be made using the water drop penetration time (WDPT) test
(Dekker and Ritsema 1994, Dekker 1998). The WDPT test is conducted by placing a water drop on the
soil surface and recording the time required for the water to infiltrate. Soil cores of 1.9 cm (% inch)
diameter will be taken to a depth of 20 cm. The water droplet penetration test will be conducted on cores
from 0 cm to 20 cm in 5 cm increments. The soil (< 2 mm) will be placed on a Petri dish and the surface
smoothed. Three drops of distilled, de-ionized water, each containing 36 puL will then be randomly placed
on the air-dry sample and the penetration time measured. The median value of the infiltration time of the
three drops is considered as the drop penetration time at the analyzed depth and the soil is considered
hydrophobic if the WDPT is greater than 5 seconds (DeBano, 1981). The maximum time allowed for
water droplet penetration is 600 seconds. Any water droplet remaining after 600 seconds will be recorded
as 600 seconds. Measurements will be made on the whole (unsieved) soil and on narrowly sieved
particle-size fractions (e.g., <62 pum, 62 pm - 125 pm, 125 pm - 250 um, 250 um - 500, and 500 pm -
1000 um) to identify the size increment that is most susceptible to hydrophobization. Depending on the
fire intensity and severity, a decrease in wettability can be expected.

3.5.3  Fire Effects on Hydraulic Conductivity

Saturated hydraulic conductivity will be measured at different locations on each plot using a Guelph
permeameter (Reynolds et al. 1984). With the Guelph permeameter method, water flux into the soil is
measured until a saturated bulb is formed around the borehole and the outflow of water from the storage
cylinder reaches a constant value. The saturated hydraulic conductivity is then calculated using the
constant head permeameter method, based on the Reynolds and Elrick (1985) solution of Richards’
equation for steady flow out of a well.

Water movement in the surface soils of engineered barriers frequently occurs as unsaturated flow, and
is primarily controlled by the unsaturated hydraulic conductivity of the soil. Field measurements of
unsaturated hydraulic conductivity (K(y)) is therefore necessary for characterizing many aspects of
unsaturated water flow including infiltration and runoff. Unsaturated hydraulic conductivity will be
measured at different locations on each plot using a Guelph tension infiltrometer (Reynolds 1993)

The tension infiltrometer is also capable of giving estimates of several parameters useful for
characterizing soil structure.

Since the Guelph permeameter/tensiometer methods yield only point measurements, four
measurements will be made inside each 12 x 12 m plot (one in each 3 x 3 m quadrant) to provide
representative values of the hydraulic conductivity before and after the burn. Relationship to fire intensity,
severity, and fuel load will be established using geostatistical methods.

354 Fire Effects on Infiltration Rates and Runoff

Robichaud (2000) suggested that under fire-induced water repellent conditions, runoff rates should
quickly peak and then begin declining as the hydrophobic substances of the soil are broken down, thus
increasing infiltration over time. He also showed that before a severe burn occurs, little water repellency
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should exist within the soil. Thus, rainfall simulation tests will be conducted to characterize infiltration
rates and surface runoff. There is a paucity of runoff data for the Hanford site collected under well
defined or controlled conditions and this complicates model calibration for predicting barrier
performance.

Simulated rainfall tests will be conducted on 1 m? plots with an overhead oscillating nozzle rainfall
simulator. The simulator is capable of applying variable rates but will be used to apply water at a mean
rate of 8.5 mm/hr, the equivalent rate for the1000-yr return storm in which 68 mm of water was applied
over 8 hrs. Each plot will be bordered by a 15 cm wide metal sheet inserted vertically 5 cm into the soil.
Each plot will be exposed to three 30 minute rainfall campaigns, RF1, RF2, and RF3. The first simulated
rainfall event, RF1, will be applied under existing soil moisture conditions immediately after the fire.
After RF1, the plots will be covered overnight with plastic sheeting to protect from natural rainfall events
and the RF2 test will be conducted the next day. Test RF3 will be conducted within 30 minutes of the
completion of test RF2. This protocol is intended to provide three distinct antecedent moisture
conditions, dry (RF1), wet (RF2) and very wet (RF3). A covered trough at the lower end of each plot will
carry runoff (water and sediment) through an outlet tube to an automated ISCO water/sediment sampler
where timed volume samples will be collected in 500 ml bottles.

The resulting data will be used to develop runoff hydrographs, total runoff volumes and sediment
yields and to quantify the effects of hydrophobicity. Hydrographs will show the temporal variation in
runoff rate (mm/h) for three different rainfall rates and antecedent moisture contents. Runoff amounts
will be calculated by the integration of the hydrograph. The resulting hydrographs will then be used to
calculate hydraulic conductivity according to the methods of Luce and Cundy (1994) that can be used to
determine parameter values for kinematic wave-Philip’s infiltration overland flow equation from runoff
hydrographs. This approach minimizes the error between the observed and predicted hydrographs by
adjusting the values for the sorptivity, hydraulic conductivity, time to ponding under constant rainfall rate
and duration, plot slope and size, and moisture contents. Required inputs are saturated hydraulic
conductivity, which will come from the Guelph permeameter measurements.

355 Fire Effects on Soil Water Retention

Changes in wettability can also be expected to impact the water retention behavior of soils that could
potentially impact the water storage capacity and ultimately the components of the water balance. To
evaluate these effects, water retention properties will be measured on 6 samples collected in the 0 cm —
5 cm depth and 6 from the 5 cm - 10 cm depth. Water-retention measurements will be made using a
controlled volume technique (Winfield and Nimmo 2005). This method is relatively fast for large,
undisturbed samples where repacking is undesirable in order to preserve natural structure. Pressure
equilibration is faster than with other techniques, since approximately half of the sample de-saturates
during a given step. The method is limited to pressures in the range of 0 cm to -1000 cm water. The
controlled volume method allows determination of points on the water retention curve by extracting or
adding water to a sample in fixed-volume increments and allowing the matrix potential, v, to equilibrate.
During each time step, a known volume of water is extracted (for drying curve) or added (for wetting
curve) to bring the sample to a known average water content, 6, and the volumetric water contents and
matrix pressure determined. We will use a vapor equilibrium method to obtain the water retention down
to around 2.5 x 10° cm of suction according to ASTM D6836-02 (ASTM 2000). Porosity measurements
will be made on the samples used for water retention by measuring the water content at saturation with
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time domain electrometric techniques. Porosities will also be calculated for the samples using measured
values of particle and dry bulk densities. Bulk density will be calculated as the ratio of the dry weight to
the volume of the core.

3.6 Fire Effects on Geochemical Properties

In addition to hydrophysical properties, burning and resulting post-fire conditions can alter the
functioning of soils chemically through the effect on nutrient availability, mineralogy, pH, and C : N
ratios. In a recent study of temporal patterns of solute loss following wildfires, Ferreira et al. (2005)
investigated the hydrological implications of forest fire and the associated export of nutrients as solutes
immediately after fire. They reported a rapid and widespread export of nutrients during the first 4 months
following the wildfire. The amount of nutrients lost decreased gradually over those 4 months in response
to the exhaustion of the ash source. After this period, nutrient peak losses occurred only in response to
extreme rainfall events. One the tasks of this test will therefore be to quantify the changes in soil chemical
properties following the fire.

3.6.1 Fire Effects on Chemical Properties of Soil Extracts

Wildfires can impact the availability and leaching of soil chemicals during the rainy season.
Published reports suggest that high temperatures generated can remove virtually all near-surface soil
organic matter thereby altering the cation exchange capacity of the soils with this type of alteration
extending as deep as 80 mm (Graham et al. 2007). The availability of many nutrients is also very
sensitive to changes in pH, which has been shown to change following wildfire. In fact, soil pH and
cation nutrients have been reported to increase immediately following burning (Covington et al. 1991,
Marion et al. 1991, Bauhus et al. 1993) and the effect typically remains for one to several years. Soil
samples will be collected pre- and post-burn for chemical characterization using a suite of standard tests.
Measurements of pH will be made on 1:1 extracts of soil and distilled water incubated overnight at room
temperature. In addition, electrical conductivity and total hardness will be measured. In order to
investigate fire effects on nutrients, samples will be collected at the 0 cm - 5 cm and 5 cm - 10 cm depths
immediately before and after the fire. Soil nutrient status will be characterized by determining ammonium
and nitrate in 2M potassium chloride extractions, whereas soil exchangeable potassium will be
determined from 1N ammonium acetate extractions. The concentrations of macro nutrients, like P and N,
as total phosphorus, and NH,*, NOs-, as well as various elements, such as Na, K, Mg, and Ca, will be
measured in the extracts.

Water extracts will be analyzed for anions using an ion chromatograph while cations will be
determined by an inductively coupled plasma techniques. Fluoride, chloride, nitrite, nitrate phosphate,
sulfate, and oxalate will be separated on a Dionex AS4A column with an eluent of 1.75 mM NaHCO,/
1.85 mM Na,CO; and measured using a conductivity detector following PNL-ALO-212, Rev. 1, which is
based on U.S. Environmental Protection Agency (EPA) Method 9056, “Determination of Inorganic Anions
by lon Chromatography,” found in SW-846, “Test Methods for Evaluating Solid Waste, Physical/
Chemical Methods,” that can be accessed online at http://www.epa.gov/epaoswer/hazwaste/test/sw846.htm
(EPA 1994). Cation analysis will be performed using an inductively coupled plasma unit. High-purity
calibration standards will be used to generate calibration curves and to verify continuing calibration during
the analysis run. If necessary, dilutions will be made of each to ensure that the analysis falls within the
linear calibration range of the instrument. Details are found in EPA Method 6010B, “Inductively Coupled
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Plasma-Atomic Emission Spectrometry,” in the aforementioned online version of SW-846 (EPA 1996).
Samples will be analyzed for Na*, K*, Ca®*, Mg®*, and Sr**. We anticipate differences in the
concentrations of the various elements as well as in the physical properties (pH, conductivity, and
hardness) of the extracts due to the fire.

3.6.2  Fire Effects on Mineralogy and Soil Genesis

Surveys of mixed forests after severe burn have shown that spatial variations in thermally altered soil
correlate well with differences in plant density. Deposits of white ash, composed largely of calcite, have
been observed covering as much as 25% of the land surface in places where coarse fuel items were fully
combusted (Goforth et al. 2005). A common and visually obvious alteration is the change in soil color
from the yellow brown characteristic of goethite to reddish colors imparted by maghemite or hematite.
These changes have been observed as deep as 60 mm (average 8 mm). Concomitant increases in magnetic
susceptibility indicate that maghemite is an iron oxide phase produced by this thermal process (Graham et
al. 2007). The reddened soils had magnetic susceptibilities that were three to seven times greater than
surrounding soils, within the burned area, that didn’t exhibit a color change. Changes in silicate
mineralogy have also been observed and include the decomposition of kaolin and the dehydroxylation and
collapse of vermiculite and chlorite.

To determine the effects of fire on mineralogy and soil genesis in engineered ecosystems like barriers,
the mineralogy of the whole soil and narrow sieve fractions will be determined by XRD techniques. Each
sample will be ground into a fine powder using a mortar and pestle. These powders will then be side
packed into aluminum sample holders for analysis. Samples will be analyzed using a Scintag XRD unit,
equipped with a Pelter thermoelectrically cooled detector and a copper X-ray tube. X-ray patterns were
recorded from 2° to 65° 26 increments with a dwell time of 2 seconds. Patterns will be stored
electronically and processed using the JADE® XRD pattern processing software. The mineral phases
will be identified based on mineral powder diffraction files published by the JCPDS International Center
for Diffraction Data. A semi quantification of mineral phases in the whole rock sediment samples will be
obtained by the whole pattern-fitting technique provided by JADE® XRD pattern processing software.
The software uses a non-linear least-square optimization to fit a diffraction model to the data.

3.6.3  Specific Surface Area

The specific surface area is a measure of the exposed surface of a solid sample on the molecular scale
and is important for the calculation of sorption properties. Changes in specific surface area have been
reported following exposure of soils to elevated temperatures. Specific surface area will be measured on
12 samples using a Quantachrome Autosorb 6-B gas sorption surface area analyzer. The Monosorb is a
direct-reading dynamic-flow surface-area analyzer that uses a single-point Brunauer-Emmett-Teller
method to determine the surface area (Brunauer et al. 1938). Standard surface area reference materials will
be used to calibrate the instrument over the anticipated range of surface areas. Representative samples will
be weighed (to an accuracy of 0.001 g) and dried overnight using a heating mantle. The Autosorb
measures the quantity of a gas adsorbed on a solid surface when it is cooled, with liquid nitrogen, by
sensing the change in thermal conductivity of a flowing mixture of an adsorbate (nitrogen) and an inert
(helium) carrier gas. With nitrogen and helium, the surface area can be determined down to 0.1 m?.
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3.7 Post-fire Stimulation of Biogenic CO, Emissions

In addition to the impacts on hydraulic properties, fire could become an important factor in barrier
function by altering soil organic matter turnover. For example, Fierro et al. (2007) measured soil CO,
emissions over an annual cycle on burned and unburned sites in a Mediterranean shrub land subjected to
experimental fire. They observed high spatial variability in CO, effluxes in both control and burnt plots
with control plot “hot spots’ contributing 33% to annual soil CO, emission and those in burnt plots
contributing 54.1%. There was no relationship between temperature and CO, effluxes, but soil water
availability appeared to be the main factor affecting field CO, effluxes from the burned plots. Thus, the
long-term conservation of carbon may be important to the function of barriers. To quantify this potential,
measurements of the impact of fire on the efficiency of soil microflora to conserve carbon will be
assessed.

The efflux of soil CO, will commence two days after the experimental fire and will continue for one
year after the fire with measurements to be taken twice per month. Measurements will be made using the
static chamber technique (Rolston 1994, Fierro et al. 2007). The chamber consists of a 20 cm id. PVC
tube with a screw cap equipped with a gas sampling port that is plugged with a rubber septum. The
rubber septum allows convenient sampling of any gas collecting in the headspace after the tube is inserted
into the soil. The tube will be inserted to a depth of about 3 cm, sealed, and allowed to collect gas over a
30 minute period. Four chambers will be placed on each plot and measurements will be made at the same
time of the day during sampling events, around 12:00 noon, when the thermal gradient is near zero. Soil
temperatures at a depth of 5 cm will be measured at the time of gas sampling, before closing the static
chamber, and water content will be measured by TDR. During each sampling event, a gas sample will be
taken at time zero and again after 30 minutes. Gas samples will be injected under pressure into
vacuutainers (evacuated airtight tubes) that are self-sealing once the needles are removed from the rubber
cap. Gas samples will be analyzed in the laboratory using a gas chromatograph within a few hours of
collection.

Soil samples will be collected at the time of gas sampling from a point adjacent to the chamber for
analysis of carbon and nitrogen content. Mineral nitrogen as ammonium and nitrate will be determined
on soil water extracts using ion specific electrodes for NH," and NO5". The soil samples will be extracted
with 0.5 M K,SO, using a soil to extractant ratio of one to four. Organic carbon content will be
determined using the loss on ignition method (Nelson and Sommers 1982). A subsample of 0.5 gm passed
through a 100- 140-mesh sieve will be heated to 500°C for two hours in a muffle furnace. The organic
carbon content, Coq, is assumed to be 58% of total organic matter. The fumigation-incubation method
will be used to determine the microbial carbon, Cr;. (Jenkinson and Powlson 1976). The soil potential
respiration will be measured in the laboratory at 55% of the soil water holding capacity at a temperature
of 25°C using NaOH absorption followed by titration with HCI (Froment 1972). The activity of
microorganisms for the control and burnt plots will be expressed as a metabolic quotient (qCO,, mg CO,-
C mg™ Cpic d™), whereas the rate of organic carbon mineralization will be expressed as the coefficient of
endogenous mineralization (CEM; mg CO,-C mg™ Cyq d™). Geostatistical methods will be used to
analyze the data and develop relationships to fire characteristics, soil properties, and plant distributions.
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4.0 Data Collection, Management, Analysis,
and Interpretation

Data collection will commence prior to the burn to characterize the initial conditions and will
continue during and after the burn. Data collection after the burn will become part of the annual work
scope that covers barrier monitoring. The current scope includes an annual topographic survey to
document changes in elevation, including the effects of wind and water erosion, a stability survey, to
document changes in the rip rap side slope, water balance monitoring, to quantify the components of the
water balance, including runoff and soil loss, and a plant and animal survey to document changes in plant
and animal habitat and use on the barrier. All of the post-fire data collection activities planned for the
current test will be incorporated into the annual monitoring plan.

The existing barrier monitoring database will be extended to permit storage, analysis, and
management of data collected during the fire-effects test. All data will be stored as the original raw data
in separate files from the processed and interpreted data. All field and lab data will be entered as ASCI|I
(text) files that are software and operating system independent. Data processing and analysis will be
performed using Microsoft® Excel® and files will be electronically in the existing database. Subtask
leads will provide hard copies of data collection sheets and field/laboratory notebooks to the project
manager for storage in the project files. The following sample identifier information must be included, as
a minimum, in the database:

o Sample spatial location

e Sampling time

e Sampling date

o Analysis date

e Laboratory name

e Procedure name/number

¢ Variable measured, value, and standard error
e Measurement unit.

The experimental design is such that geostatistical methods can be applied to the analysis of spatial
and temporal changes in soil properties and vegetation status following the fire. Geostatistical methods
will be used to identify correlation length scales based on the theory of regionalized variables.

A Memorandum of Understanding has been established to identify the organizational roles and
responsibilities for work supporting the controlled burn of the northern half of the Hanford Prototype
Barrier located in 200 East Area and for the collection, analysis, and interpretation of data. PNNL is
responsible for the overall data collection effort and will focus on physical, hydrologic, and geochemical
data. Some data collection and interpretation activities have been subcontracted to WSU. WSU is
responsible for the collection of data related to plants and animals and the progression of the fire.

Table 4.1 provides a summary of the project tasks, responsibilities, data types and collection methods. A
report documenting the pre-burn conditions, the actual burn, and proposed plans for post-burn monitoring
of the barrier will be integrated with the annual barrier monitoring report to be issued by the end of
October, 2008.
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Table 4.1. Summary of Tasks, Responsibilities, Data Types, and Data Collection Methods

Y

When
Will Where Will Data Be Why is Data Being Test
Task Who is Task What Type of Data/Number of DataBe  Collected/Activity  Collected/Activity How Will Data Be Collected/Activity Plan
Description Lead Measurements/Action Required Collected Will Be Conducted  Being Performed Will Be Completed Section
GENERAL
Issue Test A. Ward - PNNL  Types of data and number of measurements  Pre- Locations Determine Types of instrumentation and methods NA
Plan S. Link - WSU summarized below Burn summarized below  impacts of fire on  summarized below
barrier
performance
Issue project G. Berlin - FH Establish MOU between supporting FH Pre- Issued as a separate Establish project  Responsibilities of each of the supporting 13
MOU J. Cammann - organizations (D&D, S&GRP, Fire Burn document from the  responsibilities; organizations will be delineated and written
FGG Department) and PNNL, WSU, and CH2M test plan ensure proper concurrence will be obtained via the MOU
HILL (BY Tank Farm Operations) coordination and
interfaces
Conduct J. Downs - Cultural and biological review in accordance Pre- On barrier surface  Comply with Per 36 CFR Part 800, Subpart B, 800.3.a, the 31
NEPA PNNL with the provisions of Categorical Exclusion  Burn and vicinity NEPA DOE-RL Cultural Resources Program has
(CX) B3.11 requirements and  determined that this project is_not the type of
conditions of CX  undertaking with potential to cause effects to
B3.11 historic properties and no further actions are
required
Site A.Ward - PNNL Tumbleweed removal and loading on barrier  Pre- Tumbleweed Fuel for fire; Coordinate with FH Site Services organization for 3.2
Preparation  S. Link - WSU surface; instrument cable and instrument Burn removal on east protect existing tumbleweed removal and placement; instrument
B. Atkinson - FH protection; install fabric fence along east side Post- side of barrier instruments and  cables to be hand-buried along stepping stone
D. Hughes - FH  of barrier (post-burn); pre-burn notification ~ Burn along BY Tank cables; install new walkways on barrier surface; PNNL to arrange for
site-wide Farm fence and instruments; keep  fabric fence (post-burn); site-wide notifications
placement on post-burn and press releases by FH and DOE-RL
barrier surface; tumbleweeds from
instrument cables  BY Tank Farm
running from data
loggers, solar
panels, and other
equipment
Conduct L. Click - HFD Issue site-wide notification of barrier burn Actual On barrier surface Determine In accordance with Hanford Fire Department 3.4
Controlled J. Keelin - HFD  activity; conduct controlled burn of northern burn impacts of fire on  procedures, protocols, permits, and other applicable
Burn portion of barrier surface; maintain fire watch barrier requirements
after burn, as needed performance
Issue Annual  A. Ward - PNNL  Issue report documenting pre-burn conditions ~ Post- Issue as a separate  Establish a pre- Pre-burn activities funded as part of FH Hanford 4.0
Report S. Link - WSU and proposed plans for post-burn monitoring ~ Burn PNNL document burn baseline for ~ Prototype Barrier cost account; post-burn

of the barrier

post-burn
comparisons to
determine impacts
on barrier
performance

monitoring to be conducted as funding permits in
accordance with CHPRC priorities
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Table 4.1. (contd)

When
Will Where Will Data Be Why is Data Being Test
Task Who is Task What Type of Data/Number of DataBe  Collected/Activity  Collected/Activity How Will Data Be Collected/Activity Will Be Plan
Description Lead Measurements/Action Required Collected Will Be Conducted  Being Performed Completed Section
BARRIER MONITORING
Physical Andy Ward - 36 measurements (soil cores) for the Pre- At mid-point of Determine Structure by visual observation; porosity by lab 35
Properties PNNL following properties: structure, porosity, Burn each 6m X 6m plot; impacts of fire on  procedure; color by Munsell book; water
color, water repellency, wind/water erosion Post- north side of soil physical repellency by Water Drop Penetration Time Test;
(runoff, sediment yields), inflation/deflation, Burn barrier properties and wind/water erosion by runoff flumes, erosion pins,
water retention, thermal conductivity, soil resultant barrier  and turbidity measurements; inflation/deflation by
temperature, moisture, matric potential, performance gravel content samples; water retention by ASTM
evaporation, bulk density, electrical pressure plate method; thermal conductivity by
conductivity, specific surface area, hydraulic thermal TDR; soil temperature by thermistors and
conductivity, soil texture, particle size, soil HDU; moisture by TDR, neutron hydroprobe, and
mineralogy gravimetric; matric potential by HDU; evaporation
by water balance calculations; bulk density by
Troxler probe; electrical conductivity by saturated
paste extract; specific surface area by BET
nitrogen absorption; hydraulic conductivity by
Guelph tension infiltrometer; soil texture by
hydrometer; particle size by wet/dry sieving and
hydrometer; soil mineralogy by XRD
Geochemical Andy Ward - 36 measurements (soil cores) for the Pre- At mid-point of Determine pH by lab procedure and pH meter; nitrogen, 3.6
Properties PNNL following properties: pH; nitrogen, Burn each 6m X 6m plot; impacts of fire on  phosphorus, potassium, and carbon by ICP-MS;
phosphorus, potassium, carbon, organic Post- north side of soil geochemical  organic matter by lab muffle furnace (loss on
matter, soil water extract hardness, exchange Burn barrier properties and ignition); soil water extract hardness by lab
capacity (anion/cation) resultant barrier  method measuring carbonate; exchange capacity
performance by lab method (ammonium acetate)
Biological Andy Ward - 36 measurements (soil cores) for the Pre- At mid-point of Determine Microbes by lab culture; microbial composition by 3.7
Properties PNNL following properties: microbes, microbial Burn each 6m X 6m plot; impacts of fire on  lab culture; microbial carbon by static chamber
composition, microbial carbon, microbial Post- north side of soil biological and GC; microbial carbon dioxide generation by
carbon dioxide generation, coefficient of Burn barrier properties and static chamber and GC; coefficient of endogenous
endogenous mineralization, soil cryptogam resultant barrier  mineralization by lab method; soil cryptogam by
(density/type), performance lab method
Rainfall Andy Ward - Soil moisture content and runoff erosion rates ~ Post- Runoff erosion Determine impact  Follow 1000-year storm protocol using overhead 35
Simulation PNNL Burn flume on barrier of fire and irrigation system; soil moisture by neutron

Test

surface

vegetation removal
on water
infiltration and
runoff erosion

hydroprobe, TDR, and gravimetric; runoff erosion
by flumes, pins, and turbidity
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Table 4.1. (contd)

When
Will Where Will Data Be Why is Data Being Test
Task Who is Task What Type of Data/Number of DataBe  Collected/Activity  Collected/Activity How Will Data Be Collected/Activity Will Be Plan
Description Lead Measurements/Action Required Collected Will Be Conducted  Being Performed Completed Section
VEGETATION MONITORING

Fuel Load Steve Link - Wet biomass (15 sagebrush plants), oven Pre- Oven dried biomass Determine fuel Biomass by calibrated scale; canopy height and 3.3
and Plant WSuU dried biomass (15 sagebrush plants), canopy  Burn determined at WSU  load and plant diameter by measuring tape; plant density by
Water height (45 sagebrush plants), canopy greatest Post- labs; all other water content in count; plant cover by visual observation
Content diameter (45 sagebrush plants), canopy Burn measurements on support of fire and

diameter 90 degrees to greatest (45 sagebrush barrier surface subsequent

plants), sagebrush density (144 cells @ 3m X analyses

3m), Russian thistle cover (144 cells @ 3m X

3m), Russian thistle wet biomass (15 cells @

3m X 3m), Russian thistle oven dried biomass

(15 cells @ 3m X 3m; 5 subsamples)
Characterize Steve Link - Sagebrush density (3 sites; 30 cells @ 3m X Pre- McGee Ranch and  Verify that plant ~ Sagebrush density by count; cover by visual 33
Natural Area  WSU 3m), cover (3 sites; 30 cells @ 3m X 3m), soil  Burn other nearby silt density on barrier  observation; cryptogams by WSU herbarium

cryptogam (3 sites; 30 cells @ 3m X 3m), seed Post- loam soil sites is representative  dissecting scope; seed bank by WSU greenhouse;

bank (3 sites; 30 cells @ 3m X 3m), and leaf ~ Burn of surrounding leaf area index by Decagon plant canopy analyzer

area index (3 sites; 30 cells @ 3m X 3m) natural plant

measurements in low, medium, and high communities;

density plant stands support thinning,

as required

Characterize Steve Link - Plant, soil, cryptogam species (complete Pre- Plant and soil Determine Plant and soil cryptogam species by visual 3.3
Barrier WSuU inspection); canopy height (25 sagebrush Burn cryptogam species  presence and observation and WSU herbarium; plant canopy
Surface plants); canopy greatest diameter (25 Post- determined on impact of insects  height and diameter by measuring tape; shrub

sagebrush plants); canopy diameter 90 Burn barrier north and and small survival and age class by visual observation;

degrees to greatest (25 sagebrush plants); south halves, and burrowing animal species by Sherman live traps, pitfall traps,

shrub survival and age class (30 cells @ 3m X north and west side  mammals on and collections; animal sign by visual observation;

3m on each half of barrier); mammals, birds,
insects, and arachnids (10 traps on each half
of barrier); animal sign (30 cells @ 3m X
3m); root density (6 root tubes in each half of
barrier); seed bank (30 samples from each
half of barrier); wind erosion (30 erosion
pins); plant water relations (6 shrubs from
each half of barrier)

slopes; canopy
determined on
barrier south
surface; shrub
survival on barrier
north and south
halves; animals,
root density, seed
bank, and plant
water relations on
barrier north and
south halves; wind
erosion on barrier
north half

water infiltration;
establish plant
baseline prior to
burn

root density by root camera; seed bank by WSU
greenhouse; wind erosion by erosion pins; plant
water relations by pressure bomb
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Table 4.1. (contd)

What Type of Data/Number of
Measurements/Action Required

When
Will
Data Be
Collected

Where Will Data Be
Collected/Activity
Will Be Conducted

Why is Data Being
Collected/Activity
Being Performed

Task Who is Task
Description Lead
Fire Steve Link -
Documentati WSU

on

Flame height (5 locations); temperatures (63
sensors every 2 seconds for 24 hours at -1cm
to -2cm, surface, +1cm, +10cm, +30cm,
+100cm, and +200cm, timing (duration of
burn)

During
burn

Flame height at 5
locations of surface;
temperatures
measured via 4
towers in sagebrush,
4 towers in Russian
thistle, and 1 control
tower in unburned
area; tower
locations are at grids
(2,18), (5,18),
(8,18), (11,18),
(2,23), (5,23),
(8,23), (11,23), and
(74)

Verify fire
simulation against
actual range fire
characteristics

Test
How Will Data Be Collected/Activity Will Be Plan
Completed Section
Flame height will be measured with 2.5m metal 34

poles (marked in decimeters), visual observation,
and video camera; temperatures will be measured
with Type K thermocouples; timing will be the total
duration of the burn

NOTE: Pre-burn activities are in bold, italic







5.0 Equipment and Materials

A variety of equipment and consumables will be required to prepare the site, characterize the pre-burn
condition, conduct the test, and characterize post-fire conditions. Table 5.1 provides a summary of these
items and the estimated cost. This list is by no means all inclusive but serves as a check list for the major

items.

Table 5.1. Required Equipment and Materials and Estimated Costs for the Fire-effects Field Test

Activity Estimated
ID Activity Description Materials Quantity Cost
2 Site Preparation Field Electronic Balance 1 $500.00
Tenax 4 Ft. x 100 Ft. Orange Warning Barrier 1 $40.00
Wooden Stakes 25 $30.00
Pin Flags 50 $40.00
3 Initial Hydrophysical
Conditions Guelph Tension Infiltrometer 25 $1,200.00
Soil Cores (for Sample Collection) 200 $500.00
Ziploc Bags 200 $10.00
Duct tape (seal samples) 2 $10.00
GEMS2 Conductivity meter 1 $18,000.00
Miscellaneous Chemicals $700.00
5 Collect Plant Samples
for Lab Analysis Plastic Bags 200 $25.00
Meter Stick 5 $25.00
7 Aerial Photos Photographic Services $500.00
9 Site Instrumentation for
Fire monitoring Themocouple/Flame-height Towers (10 ft tall) 9 $800.00
Themocouples 64 $13,400.00
Themocouple Connectors 64 $371.00
Themocouples Wire 64 $3,840.00
HOBO Dataloggers 64 $4,050.00
Digital Video Camera 1 $400.00
Camera Tower 1 $500.00
11 Post-fire Characterization Soil Cores (for Sample Collection) 200 $500.00
Poly bottle for runoff sampling 100 $300.00
ISCO Automatic Water/Sediment Sampler 1 $3,000.00
Gas sampling Chambers and Syringes 9 $500.00
Licor L1-840 Gas Analyzer 1 $6,000.00

5.1








