
LA-UR-01-6157 


Title 

Authors 

Contaminant Concentrations 
in Conifer Tree Bark and 
Wood Following the Cerro 
Grande Fire 

G. J. Gonzales 
P. R. Fresquez 
C. M. Bare 

Los Alamos National Laboratory, an affirmative action equal opportunity employer, is operated by the University of California 
for the United States Department of Energy under contract W-7405-ENG-36. 



Edited by Hector Hinojosa, Group IM-1

Prepared by Teresa Hiteman and Carolyn

Hedrick, Group ESH-20 




LA-UR-01-6157 
November 2001 

Contaminant Concentrations 
in Conifer Tree Bark and 
Wood Following the Cerro 
Grande Fire 

by 

G. J. Gonzales 
P. R. Fresquez 
C. M. Bare 





CONTENTS 

Abstract...............................................................................................................................1 


Introduction........................................................................................................................1 


Materials and Methods......................................................................................................2 


Results .................................................................................................................................5 


Discussion............................................................................................................................6 


Conclusions.........................................................................................................................7 


Acknowledgments ..............................................................................................................8 


Literature Cited .................................................................................................................8 


Appendix 1........................................................................................................................13 


Appendix 2........................................................................................................................37 


List of Tables 

Table 1  Age, bark/wood composition, and weight ratios for various hydration states of 

wood sampled for radionuclide analysis.............................................................10 


Table 2 	Radioactivity ±2 s total propagated uncertainty in wood and bark of ponderosa 

pine trees in Mortandad Canyon and at a reference site, both within the Cerro 

Grande Fire area..................................................................................................11


v 




vi




Contaminant Concentrations in Conifer Tree Bark and Wood Following 
the Cerro Grande Fire 

G.J. Gonzales, P.R. Fresquez, and C.M. Bare 

Abstract 

After the Cerro Grande Fire of 2000, conifer trees in Mortandad Canyon within the 
Los Alamos National Laboratory (LANL) were felled as a hazard reduction effort. 
Several potential disposal options and uses of those trees and of trees that continue to 
be thinned throughout LANL have been identified. There was interest in knowing 
whether onsite samples of conifer trees contained elevated levels of radionuclides or 
other contaminants. After the fire, we measured radioactivity in three samples each of 
bark and wood from ponderosa pine trees in Mortandad Canyon. We also made 
preliminary estimates of radiation dose to the public that could result from burning 
trees and wood waste material in air curtain destructors. In bark, 238Pu, 239Pu, and 235U 
were two to three orders of magnitude higher in Mortandad Canyon samples than in 
an offsite sample and 234U, 238U, 137Cs, and 90Sr were one order higher. In wood, 90Sr, 
3H, 137Cs, and 239Pu concentrations in Mortandad Canyon were between one and two 
orders of magnitude higher than in the reference site sample. The actinides were 
generally two to three orders of magnitude higher in bark than in wood, and the 90Sr 
concentration was about one order of magnitude higher in wood than in bark. The 50­
year committed effective dose equivalent (CEDE) to the maximally-exposed 
individual (MEI) resulting from one year of burning was 9.7E-03 mrem, which is 
about a 0.002% increase in the annual average radiation dose to individuals from 
other, non-Laboratory, sources of radiation. The 50-year CEDE to the MEI resulting 
from 10 years of burning was 0.097 mrem and the risk to the surrounding population 
would be negligible (<0.01 latent cancer fatalities). No health effects from the 
inhalation of radionuclides are expected because doses are well below the >10,000 
mrem dose at which health effects from radiation exposure have been observed in 
humans. We believe that the proposed burning operations will be safe to the public 
with regard to radiation dose. Additional broader, statistically robust sampling of 
wood, bark, and slash is ongoing. 

Introduction 

The Cerro Grande Fire in May 2000 
burned approximately 50,000 acres of 
conifer forest in New Mexico including 
about 7,500 acres of forest at the Los 
Alamos National Laboratory (LANL). 
Following the fire, the general public had 
concerns over the possibility of contaminant 
transport from LANL. Burned conifer trees 
of various species remained as hazards and 

were cut to reduce their availability for 
uprooting by heavy flooding. Some of the 
wood and wood waste material will be 
burned at LANL in burn control units called 
air curtain destructors (ACDs). The burn 
units have high combustion efficiencies 
(Kluko et al. 2000). Health risks from 
potential emissions from ACD operation are 
believed to be negligible, but actual 
measurement and documentation of 
contaminant levels have not been done. As 
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such, this report documents the results of 
preliminary range-finding sampling for the 
measurement of radionuclides in wood and 
bark of trees burned in Mortandad Canyon 
by the Cerro Grande Fire. Also, a large-scale 
tree-thinning plan (LANL 2001) is 
underway at LANL, which will generate 
additional wood waste to be burned. 

On the basis that assimilation of 
actinides from soil and pore water by tree 
roots is low, risk assessors have believed for 
some time that the impact to human health 
that could result from various uses of this 
wood is negligible. However, this belief can 
only be accurately quantified with 
knowledge of measured levels of 
contaminants in wood. Also, some 
radionuclides, such as the non-actinides 90Sr 
and 137Cs, have nutrient analogs and this 
could result in their uptake by conifer roots 
to levels that can be detected and quantified. 
Additionally, concentrations of 
radionuclides in canyon sediment at LANL 
can be higher at intermediate depths (0.5– 
0.75 m) (Gonzales and Newell 1996), where 
conifer tree roots prevail (Tierney and Foxx 
1987), than at shallow depths. Therefore, 
several factors have led to the need to verify 
suspected low levels of radionuclides in 
conifer trees at LANL. We conducted range­
finding sampling (sampling that is biased 
toward establishing upper levels of 
radionuclides in the range of values that 
exist across LANL) of wood and bark from 
trees in Mortandad Canyon. 

Purpose and Objectives 
Following the Cerro Grande Fire, 

partially burned trees (with burned bark and 
needles but not wood) in Mortandad Canyon 
were felled and stockpiled as a hazard 
reduction effort. Given several alternatives 
for the disposition of these trees (LANL 
2000) and trees in other canyons with 
radionuclide contamination, an objective for 
the Mortandad Canyon tree wood sampling 

was to estimate upper range human radiation 
doses that could result from the scenario of 
burning stockpiled trees. We believe that 
radiocontaminant levels in trees at LANL 
are well within health standards for any 
conceivable pathway; however, any levels 
above regional background radioactivity 
levels have the potential to cause public 
concern. Therefore, the primary objective of 
the study was to obtain a preliminary 
indication of whether onsite samples of 
conifer tree bark and wood contain levels of 
contaminants that are elevated above offsite 
levels such that the need for more robust 
sampling could be determined. Although not 
directly comparable, levels of contaminants 
in wood and bark were also compared to 
levels previously measured in shoot tips. 

Materials and Methods 

Sampling and Analysis 
Roughly 3.7 km2 or 55% of 

Mortandad Canyon burned at low and 
moderate intensities in the Cerro Grande 
Fire. Low-intensity burn areas include 
patches of unburned vegetation. Mortandad 
Canyon traverses LANL and has long had 
sources of permitted, treated discharge from 
the Laboratory’s Radioactive Liquid Waste 
Treatment Facility (RLWTF) at Technical 
Area (TA) 50. On June 26, 2000, we 
segmented the extent of the burned area in 
Mortandad Canyon into three sections of 
roughly equal length along the long axis of 
the canyon. We selected one tree from each 
section for sampling. Within each segment, 
we selected mature ponderosa pine trees that 
were growing in the stream channel. We 
selected mature trees in order to maximize 
the time over which trees could have been 
exposed to radioactivity, i.e., they were 
present since the origination of the 
Laboratory. A reference site, or background, 
sample was collected for comparison. The 
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location of the reference sample was 
northwest of LANL off of NM State Road 4. 

In the field, bark of each sampled 
tree was stripped at approximately breast 
height. The tree was then felled with props 
in place to avoid contact of the tree sample 
material with soil or surface ash. Two cross 
sections were then cut and bark and wood 
samples transported to our sample prep lab 
for recording general dimensions and age, 
processing, weighing, and ashing. Table 1 
has tree ages and other information. 

At our lab, we distilled water from 
the wood samples for 3H analysis. The water 
was analyzed for 3H using liquid 
scintillation. One cross section of wood and 
a bark sample from each tree were ashed in 
ovens to a consistent weight and the ash was 
submitted for analysis. The ash was 
analyzed for 90Sr using liquid scintillation. 
Total uranium was analyzed by kinetic 
phosphorescence analysis. The radionuclides 
238Pu, 239Pu, 234U, 235U, 238U, and 241Am 
were analyzed by alpha spectrometry. 

Dose Estimation 
Many tons of wood and other tree 

waste material from conifer trees at LANL 
will be burned in ACDs at 2,000 to 2,800oF. 
At this temperature, fire generates heat that 
will destroy the structural integrity of woody 
material, resulting in particles onto which 
radioactive materials may be deposited. The 
buoyancy of the air above and surrounding 
the fire can lead to the airborne release of 
the radioactive materials, which is then 
entrained in general convective currents that 
provide transport for particulate materials 
(Mishima and Pinkston 1994). As such, we 
estimated the internal dose (from inhalation) 
to a maximally-exposed individual (MEI) 
located 6,000 m from the source. In the 
direction of the predominant wind, this 
distance (6,000 m) is the approximate 

distance from the location of burn units at 
TA-16 to the first significant public 
boundary, the Los Alamos town site at 
Trinity Drive. While there is a closer 
permanent public location, the Bandelier 
National Monument residential area, it is 
upwind from LANL and opposite the 
predominant wind direction. Also, the dose 
at that distance (~750 m) would be less 
using the particular meteorology that we 
used because some of the plume passes over 
objects that are relatively close to the source. 
The dose estimate is a 50-year committed 
effective dose equivalent (CEDE) that could 
result from the use of one ACD unit for an 
eight-hour period. We also extended the 
dose resulting from an eight-hour operation 
to the dose resulting from one year and 10 
years of operation. The one-year operation 
was based on eight hours per day for 245 
days. This is conservative (lending the 
analysis toward overestimating dose) 
because it assumes that a person is outdoors 
eight hours per day of 245 days per year. 
Buildings and vehicles exclude airborne 
radionuclides such that the indoor dose is 
one-half to one-twentieth the outdoor dose 
(Englemann 1990). 

Although conservative dose 
parameters and assumptions were chosen so 
as to err to the side of overestimating dose to 
the public, the estimates are based on 
measured, not postulated or modeled, 
radioactivity in wood and bark and 
measured particulate production rates for 
ACD units. The three major components of 
the dose estimate were the source term—the 
amount of radioactive material released to 
the air—the dispersion modeling, and the 
dose calculation. 

Source Term. Modified from 
Mishima and Pinkston (1994), the source 
term was estimated as 
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  

Source Term = [PPR × FW × RActW × RF]i + [PPR × FB × RActB × RF]i , (1) 

where 
Source Term = The amount of 

radioactive material released to the 
air for the ith radionuclide, 

PPR = particulate production rate for the 
ACD unit (g/hr), 

FW = fraction of PPR as wood, 
FB = fraction of PPR as bark, 
RAct = radioactivity (pCi/g), and 
RF = respirable fraction. 

Replicated emissions testing was 
conducted on a model S-127 ACD unit 
following Environmental Protection Agency 
(EPA) methods (Kluko et al. 2000). This 
testing included the collection of particulate 
samples using a modified EPA “Method 
5D.” In our calculations we used the highest 
PPR (1,397 g/hr) of four values from 
emissions test trials, where they used 
maximum ACD load rates that averaged 
14,780 kg. The FW and FB values used were 
0.8045 and 0.1955, respectively, as based on 
the wood-to-bark ratio of Sample Mort 3 
(Table 1). Mort 3 had the highest percentage 
bark. The highest measured radioactivities 
(RAct) of the paired wood/bark values of 
eight radionuclides (241Am, 238Pu, 239Pu, 
234U, 235U, 238U, 137Cs, and 90Sr) were used. 
3H was not included in the dose calculation. 
It contributes little to total dose because of a 
low “quality factor,” i.e., it has a low dose 
conversion factor (DCF). Also, much of the 
3H in bark will have evaporated when it was 

burned in the fire, and some of the 3H in 
wood will evaporate during the time (weeks 
and months) when wood is stacked before 
being burned. 

Particle size distribution of the 
samples collected in emissions tests was not 
determined. The RF most frequently used is 
the fraction of the airborne material that is 
����� ����� ��� �� ��� ���������� ���� ������ ���� 
particle size distribution of the particulate 
samples collected in the above-referenced 
emissions tests was not determined, we 
reviewed a Department of Energy (DOE) 
report by Mishima and Pinkston (1994) 
where they published conservative source­
term-related factors for a long list of 
materials as based on experimentation. RFs 
less than 1.0 are cited, such as 0.04 for Pu 
metal under thermal oxidizing conditions, or 
1E-03 for powders under thermal stress, but 
a bounding of 1.0 is recommended for the 
majority of cellulosic materials. Although 
there are substantial density differences 
between the loosely compacted cellulosic 
materials tested by Mishima and Pinkston 
(1994) and our materials and this difference 
would result in an RF<1.0, we assumed a 
conservative RF of 1.0. 

Dispersion Modeling. The maximum 
(plume centerline) contaminant 
concentration in air at a downwind distance 
x from an elevated release point was 
estimated by the following Gaussian 
equation (Turner 1970): 

2 

χ (x,0,0,H,s)= 
πσ y (x, s)

Q 

σ z (x, s)u 
exp 


 - 0.5 

 H  
 

,  (2) 
  σ z (x, s)   
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where 
����������� = contaminant 

concentration at ground level at 
downwind distance x resulting from a 
continuous release at height H above 
grade under conditions characterized 
by stability category s (Ci/m3), 

Q = release rate (Ci/s), 
y(x,s) = horizontal dispersion 

coefficient for downwind distance x 
and stability category s (m), 

z(x,s) = vertical dispersion coefficient 
for downwind distance x and stability 
category s (m), 

u = wind speed (m/s), and 
H = plume height (release height plus 

plume rise) (m). 

For elevated releases, stable 
conditions (Pasquill Stability Categories E 
and F) generally result in the highest 
concentrations at distant locations because 
the plume is diluted very slowly under these 
conditions. Bowen (1990) has published 
dispersion coefficients derived from 
measurements of atmospheric turbulence at 
LANL. Worst-case meteorology (Pasquill 
Stability Category F, 1.0 m/sec wind speed) 
was assumed for an eight-hour exposure 
(assuming eight hours of continuous ACD 
unit operation), and a more realistic wind 
speed of 3 m/sec was assumed for 10 years 
of non-continuous operation. The values of 

y����� z reported by Bowen were estimated 
using the 3 m/s wind speed and then these 
coefficients were corrected for the 1 m/s 
wind speed. 

The plume height H is the sum of the 
ACD unit height above grade and any plume 
rise resulting from the exit velocity or the 
buoyancy of the discharge. We ignored 
plume rise. The height of release was 3.1242 
m (10 ft 3 in.), which is the height of the 
model S-127 ACD unit. With fires, the 
plume rise associated with buoyancy would 
likely be significant. Increasing the plume 

elevation tends to decrease the maximum 
ground-level concentrations encountered 
downwind. Therefore, it is conservative to 
ignore plume rise and assume that the initial 
plume height equals the ACD unit height 
(3.1242 m). 

Dose Calculation. The 50-year CEDE 
was estimated for the inhalation pathway as 

CEDE = ∑(Ii × DCFi) ,  (3) 

where 

CEDE = the 50-year committed 
effective dose equivalent, 

I = intake for the ith radionuclide, where 
Intake = source term (Eq. 1) × 
dispersion factor (Eq. 2) × breathing 
rate (3.3E-04 m3/s), 

and DCF = dose conversion factor. 

The maximum source term was used, 
meaning the highest value resulting from 
applying Equation 1 to the paired wood/bark 
data for Mort 1 through Mort 3 for each 
radionuclide. For example, application of 
Equation 1 to the Mort 1 wood and bark data 
for 241Am resulted in a source term of 
2.17E+03 pCi/hr, which was higher than the 
source term for Mort 2 (8.13E+02 pCi/hr) 
and Mort 3 (6.09 pCi/hr). DCFs for the most 
conservative inhalation class were taken 
from DOE (1988); i.e., the highest DCF for 
each radionuclide was used. 

Results 

Radioactivity Levels 
Appendix 1, “Sample Results 

Summary," has the raw data resulting from 
the radioactivity analyses. Table 2 is a 
summary of the results of the tree wood and 
bark analyses for radioactivity at Mortandad 
Canyon and the reference site. 
Concentrations are per unit of ash. In bark 
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the onsite actinide (238Pu, 239Pu, and 241Am) 
radioactivity was generally orders of 
magnitude higher than for the reference site 
sample. In wood the nonactinide (90Sr and 
137Cs) radioactivities were generally orders 
of magnitude higher onsite than offsite. 
More specifically, in bark 238Pu, 239Pu, and 
235U were two to three orders of magnitude 
higher in Mortandad Canyon samples than 
in the offsite sample and 234U, 238U, and 90Sr 
were one order higher. In wood 90Sr, 3H, and 
239Pu concentrations were between one and 
two orders of magnitude higher than in the 
reference site sample. The actinides were 
generally two to three orders of magnitude 
higher in bark than in wood, and bark 
consistently had detectable values (i.e., 
greater than three times the total propagated 
uncertainty). 

Committed Effective Dose Equivalent 
(CEDE) 

Internal dose to a MEI located 6,000 
m from the source was estimated from the 
Mortandad Canyon radioactivity data. This 
estimate was for a dose that could result 
from the use of one ACD unit for a one-hour 
period. We also extended the one-hour dose 
to eight-hour and 10-year periods. 

Appendix 2 shows the dispersion 
parameters, DCFs, and the results of the 
dose modeling. At a breathing rate of 3.3 × 
10-4  m3/s, the estimated maximum 50-year 
CEDE to the MEI at 6,000 m resulting from 
an eight-hour exposure (eight hours of 
continuous ACD operation) was 2.46E-04 
mrem. The CEDE to the MEI at 6,000 m 
from one year of ACD operation (not shown 
in Table 1) was 9.7E-03 mrem, which is 
about a 0.002% increase in the annual 
average radiation dose (414 mrem) to 
individuals from other, non-LANL, sources 
(Kraig and Soholt 2001). The CEDE to the 
MEI from 10 years of ACD operation was 
0.097 mrem. Using a latent cancer fatality 
(LCF) DCF of 5 × 10-4 LCFs per person-rem 

and the 50-year dose from 10 years of 
operating one ACD, the surrounding 
population would experience no measurable 
health effects (<0.01 LCF). 

Discussion 

The actinides were generally two to 
three orders of magnitude higher in bark 
than in wood. The deposition of wind-borne 
soil more so than plant uptake may be 
largely responsible for the elevated 
concentrations of the actinides in bark. Plant 
uptake factors for the actinides are low 
(Whicker and Schultz 1982) minimizing 
their uptake by plants. The 90Sr 
concentration was one order of magnitude 
higher in wood than in bark. Ca is a nutrient 
analog of Sr (Whicker and Schultz 1982) 
and relatively large amounts of Ca are 
deposited in tree wood. The onsite 90Sr 
concentrations in wood were between one 
and two orders of magnitude higher than in 
the reference site sample. 238U is a weak 
nutrient analog of S in plants (Whicker and 
Schultz 1982) and the concentration in wood 
was one to two orders of magnitude higher 
than in bark. 137Cs is a nutrient analog of K 
but no distinct pattern of 137Cs concentration 
occurred with regard to wood vs bark. In a 
study of radioactive contamination of wood 
from the Chernobyl accident, Hus et al. 
(2001) concluded that 137Cs in bark cannot 
be ascribed only to surface contamination 
implying that some of the 137Cs taken up by 
roots is deposited in bark and wood. 

As Hus et al. point out, a number of 
factors can influence the radioactivity of 
wood, such as the radioactivity of soil (or in 
this case sediment), tree species and age, 
and, especially, physiological processes of 
the tree. The ages of all four trees (three in 
Mortandad and one from the reference site) 
were ≥50 years. The Laboratory was 
established in 1942, but did not begin 
discharging treated radioactive liquid waste 
from the RLWTF into Mortandad Canyon 
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until 1963 (Bond and Gonzales 1995), 
therefore, all of the trees were present for all 
of the time period over which they could 
have been exposed to radioactive 
contaminants from discharges from the 
RLWTF. As such, the possibility of age 
affecting tree contaminant levels in a 
heterogeneous manner was for the most part 
eliminated. But the influence of age on tree 
contaminant levels was maximized for all 
four trees because the existence of the trees 
and the contamination coincided. 
Physiological processes can affect 
radionuclide levels in trees, but the effect 
would be similar in trees of the same 
species. Thus, the primary reason for 
differences in the trees that we sampled 
would be the radionuclide levels in the 
sediment. 

Sampling locations were chosen with 
the intent of representing the upper range of 
radionuclide concentrations that can be 
expected to occur in trees in canyons with 
elevated levels of radionuclides. There may 
be higher concentrations in trees at potential 
release sites, solid waste management units, 
or at select particular locations, however, 
guidance on the identification, removal, and 
disposition of potentially contaminated trees 
and other vegetation from LANL TAs is 
intended to adequately dispose of those 
trees. Conservative source term, dispersion, 
and dose estimation parameters were chosen 
to result in conservative doses estimates. For 
many reasons our estimated doses are not 
directly comparable to doses calculated from 
air monitoring done during the Cerro Grande 
Fire (Kraig et al. 2001), however, it is 
interesting to note that our dose of 0.097 
mrem to the MEI is remarkably close to 
their dose to a maximally exposed person 
within the Los Alamos area of 0.2 mrem. 

A related issue is the contribution of 
sediment to the source term. While we 
intentionally avoided contaminating our 
samples with sediment, such as while felling 

trees, slash that is burned in the ACDs will 
contain sediment that was mixed into the 
slash in the process of loading, transporting, 
and stockpiling slash. However, much of the 
��������� ��� ������� ������� ����� ��� �� ��� 
diameter, thus not respirable. 

This study, by definition as a range­
finding study, was not planned to fill all of 
the gaps of knowledge that exist regarding 
contaminant levels related to conifer trees. 
The small sample size, especially of 
reference site samples, was not expected to 
be statistically robust. Our dose estimates 
are intended to serve as preliminary 
information using one method. From 
broader Laboratory-wide sampling 
mentioned below, additional dose estimates 
will be made, possibly using a different 
model such as CAP-88, and additional 
potential pathways may be addressed. To 
date, upwards of 40 additional samples 
Laboratory-wide have been collected 
(Gonzales, personal communication, 2001). 
The collective information on contaminants 
and dose estimates will contribute 
information to the decision-making process 
for tree disposition that is more 
representative of the Laboratory’s 43 mi2. 

Conclusions 

We believe that the radioactivities 
measured in wood and bark in Mortandad 
Canyon generally represent some of the 
highest levels that occur at LANL, an 
exception possibly being the U isotopes. 
Because conservative parameters were used 
for source-term modeling, dispersion 
modeling, and dose conversion and since the 
cancer risk resulting from 10 years of 
operation were very low, we believe that the 
proposed burning operations will be safe to 
the public with regard to radiation dose. No 
health effects from the inhalation of 
radionuclides are expected because doses, 
which are in the fractions of a mrem, are 
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well below the >10,000 mrem dose at which 
health effects from radiation exposure have 
been observed in humans (HPS 1996). 

The primary objective of the study 
was to obtain a preliminary indication of 
whether onsite samples of conifer tree bark 
and wood contain levels of contaminants 
that are elevated above offsite levels so that 
the need for more robust sampling could be 
assessed. Since some levels of radioactivity 
were well above offsite levels, we are 
currently conducting Laboratory-wide 
sampling of conifer wood, bark, and slash. 
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Table 1. Age, bark/wood composition, and weight ratios for various hydration states of 
wood sampled for radionuclide analysis. 

Composition (%) Wood Bark 

Sample Age Bark Wood Dry/Wet Ash/Dry Ash/Wet Ash/Wet 

Mort 1 60 * * 0.423 0.0042 0.0017669 0.0094639** 

Mort 2 50 12 88 0.415 0.0036 0.0015108 0.0115936 

Mort 3 100 20 80 0.428 0.0046 0.0019514 0.0073341 

Reference 72 13 87 0.411 0.0061 0.0025254 0.0177530 

*Not measured. 

**Value is mean of Mort 1 and Mort 2. 
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Table 2. Radioactivity ±2 s total propagated uncertainty in wood and bark of ponderosa pine trees in Mortandad 
Canyon and at a reference site, both within the Cerro Grande Fire area. 

241Am  (pCi/g ash) 

Sample ID Wood Bark 

Mort 1 0.099±0.041 7.52±0.95 

Mort 2 0.055±0.028 2.75±0.37 

Mort 3 0.058±0.023 1.99±0.27 

Mean 0.071 4.09 
(std dev) (0.025) (3.00) 

3H (pCi/mL) 238Pu (pCi/g ash) 239Pu (pCi/g ash) 

Wood Bark* Wood Bark Wood Bark 

1.21±0.25 Not -0.004±0.027 2.14±0.31 0.027±0.028 5.50± 0.74 
measured 

4.04±0.56 Not -0.016±0.021 0.63±0.12 0.047±0.037 1.86±0.28 
measured 

0.53±0.20 Not 0.015±0.015 0.438±0.091 0.015±0.015 1.41±0.22 
measured 

1.93 Not -0.002 1.069 0.030 2.92 
(1.86) measured (0.016) (0.932) (0.016) (2.24) 

Reference 0.017±0.011 0.016±0.011 0.08±0.17 Not 0.000±0.012 0.007±0.020 0.0023±0.009 0.007±0.020 
measured 

1998 Onsite Mean = 0.014±0.014 Mean = 463±723 Mean = 0.0004±0.002 Mean = 0.008±0.004 
Shoot Tips** Max = 0.038 Max = 1530 Max = 0.003 Max = 0.026 

234U (pCi/g ash) 235U (pCi/g ash) 238U (pCi/g ash) 90Sr (pCi/g ash) 137Cs (pCi/g ash)
Sample 

Wood Bark Wood Bark Wood Bark Wood Bark Wood Bark 

Mort 1 0.066±0.036 1.33±0.20 0.031±0.026 0.125±0.036 0.031±0.026 1.64±0.23 171.0±31.0 35.3±6.7 Not Not 
Measured Measured 

Mort 2 0.170±0.054 1.15±0.17 0.043±0.027 0.134±0.037 0.152±0.049 2.12±0.29 88.0±16.0 12.7±2.6 4.6±2.6 4.8±1.5 

Mort 3 0.049±0.023 0.93±0.14 0.019±0.014 0.111±0.031 0.026±0.017 1.36±0.19 58.0±11.0 8.7±2.0 0.00±0.47 1.50±0.84 

Mean 0.095 1.14 0.031 0.123 0.070 1.71 105.7 18.9 2.3 3.2 
(Std. Dev.) (0.066) (0.20) (0.012) (0.012) (0.071) (0.38) (58.5) (14.3) (3.3) (2.3) 

Reference 0.057±0.023 0.369±0.07 0.013±0.012 0.0023±0.015 0.040±0.019 0.381±0.07 3.3±1.1 1.96±0.41 0.59±0.57 0.38±0.46 

1998 Onsite Mean = 0.125*** Mean = 0.006*** Mean = 0.129*** Mean = 1.97±0.045 Mean = 1.51±2.26 
Shoot Tips** Max = 0.267 Max = 0.012 Max = 0.0275 Max = 4.50 Max = 8.32 

*3H exists as water. It was not measured in burnt bark because the burning process evaporated most of the water. 
**Source: Gonzales et al. (2000). Total propagated uncertainty is 1 s. 
*** The 2 s total propagated uncertainty for the total uranium mean concentration was 0.078 or 20.2%. 
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APPENDIX 1 

Sample Results Summary 
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APPENDIX 2 

Dispersion parameters, dose conversion factors (DCFs), and the results of dose modeling using the Gaussian plume centerline method. 

Distance Wind Maximum 50-Yearto MEI Stability 

Radio- Height (“x”) Category Speed Continuous Dispersion Source Breathing Dose CEDE @ 10­
(“u”) �z �y release at Coeff Term** rate Intake DCF Rate Yr Operation 

nuclide* Scenario (“H”) (m) (m) (“s”) (m/sec) �z �y adjusted adjusted height H (sec/m3) (pCi/hr) (m3/sec) (pCi/hr) (mrem/pCi) (mrem/hr) (mrem) 

241Am 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 2.17E+03 3.30E-04 4.4E-06 5.20E-01 2.3E-06 4.5E-02 
238Pu 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 5.80E+02 3.30E-04 1.2E-06 4.60E-01 5.4E-07 1.1E-02 
239Pu 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 1.53E+03 3.30E-04 3.1E-06 5.10E-01 1.6E-06 3.1E-02 
234U 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 5.05E+02 3.30E-04 1.0E-06 7.10E-03 7.3E-09 1.4E-04 
235U 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 8.49E+01 3.30E-04 1.7E-07 6.70E-03 1.2E-09 2.3E-05 
238U 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 7.50E+02 3.30E-04 1.5E-06 6.20E-03 9.4E-09 1.9E-04 
90Sr 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 2.02E+05 3.30E-04 4.1E-04 1.30E-03 5.3E-07 1.0E-02 

137Cs 10 year 3.1242 6,000 F 3 40 430 9.97E-01 6.15E-06 6.48E+03 3.30E-04 1.3E-05 3.20E-05 4.2E-10 8.3E-06 

Sum 5.0E-06 9.73E-02 

50-Year 
Dose CEDE @ 1-Yr 
Rate Operation 

(mrem/hr) (mrem) 
241Am 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 2.17E+03 3.30E-04 2.7E-05 5.20E-01 1.4E-05 1.1E-04 
238Pu 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 5.80E+02 3.30E-04 7.3E-06 4.60E-01 3.4E-06 2.7E-05 
239Pu 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 1.53E+03 3.30E-04 1.9E-05 5.10E-01 9.8E-06 7.9E-05 
234U 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 5.05E+02 3.30E-04 6.4E-06 7.10E-03 4.5E-08 3.6E-07 
235U 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 8.49E+01 3.30E-04 1.1E-06 6.70E-03 7.2E-09 5.7E-08 
238U 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 7.50E+02 3.30E-04 9.4E-06 6.20E-03 5.9E-08 4.7E-07 
90Sr 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 2.02E+05 3.30E-04 2.5E-03 1.30E-03 3.3E-06 2.6E-05 

137Cs 8-hour 3.1242 6,000 F 1 27 305 9.93E-01 3.81E-05 6.48E+03 3.30E-04 8.2E-05 3.20E-05 2.6E-09 2.1E-08 

Sum 3.08E-05 2.46E-04 

*3H was not included in the dose calculation.  It contributes little to total dose because of a low “quality factor”, i.e., it has a low DCF. Also, most of the 3H in bark will 
have vaporized when it was burned in the fire and some of the 3H in wood will evaporate during the days and weeks when wood is stacked before being burned. 

**Maximum means the highest value resulting from applying Equation 1 to the paired wood/bark data for “Mort 1” – “Mort 3” for each radionuclide. For example, application 
of Equation 1 to the Mort 1 wood and bark data for 241Am resulted in a source term of 2.17E+03 pCi/hr, which was higher than the source term for Mort 2 (8.13E+02 pCi/hr) 
and Mort 3 (6.09 pCi/hr). 
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