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1.0 Introduction

The Hanford Reach National Monument (HRNM) was created by presidential proclamation in June
2000 (65 FR 37253). It is located along the Columbia River in south central Washington and consists of
five distinct units (Figure 1). The McGee Ranch-Riverlands Unit and the North Slope units are addressed
in this report. The McGee Ranch-Riverlands Unit is located south of the Columbia River and north and
west of Washington State Highway 24. The North Slope refers to two of the HRNM units: the Saddle
Mountain Unit and the Wahluke Slope Unit. The Saddle Mountain and Wahluke slope Units are located
north of the Columbia River. To fulfill internal U.S. Department of Energy (DOE) requirements prior to
any radiological clearance of land, the DOE must evaluate the potential for residual radioactive
contamination on this land and determine compliance with the requirements of DOE Order 5400.5.
Authorized limits for residual radioactive contamination were developed (based on the DOE annual
exposure limit of 100 mrem to the public) using future potential land-use scenarios. The DOE Office
of Environmental Management approved these authorized limits on March 1, 2004. Historical soil
monitoring conducted on and around the HRNM indicated soil concentrations of radionuclides were
well below the authorized limits (Fritz et al. 2003). The historical sampling was completed at a limited
number of sampling locations; therefore, additional soil sampling was conducted to determine if the
concentrations of radionuclides in soil on the McGee Ranch-Riverlands and North Slope units were
below the authorized limits.

2.0 Methods

A computer program called Visual Sample Plan (VSP) was used to determine the appropriate number
and location of environmental samples needed for this monitoring project (Gilbert et al. 2001; Hassig
et al. 2002). This program was developed as a tool for selecting the appropriate number and location of
environmental samples. The input was configured to determine the number of samples necessary to
decide with 99% confidence that the average soil concentration was less than the authorized limits. The
sampling and analysis plan prepared prior to conducting this sampling provides additional detail about the
methodology used to plan and conduct this soil sampling (Fritz and Dirkes 2004).

2.1 Sample Collection

Soil samples were collected between April 2005 and January 2006 in accordance with current
environmental monitoring soil sampling procedures (Hanf et al. 2007) and with the protocol outlined in
the sampling and analysis plan developed prior to sampling (Fritz and Dirkes 2004). The collection of
samples consisted of five 10-cm-diameter, 2.5-cm-deep “cookie cutter” samples from each location.
These five discreet portions were then combined to make one sample at each location. Prior to analysis,
each sample was split with a riffle splitter, and half the sample was kept for potential future analysis.
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Figure 2. Locations of Soil Samples Collected on the McGee Ranch-Riverlands and North Slope Units

2.3 Sample Analysis

Sample analyses were conducted by a sub-contracted analytical laboratory. Sample preparation
included sieving (2 mm screen size), drying and ball milling to achieve a particle size of 300 micrometers
or less. Further chemical processes were conducted as part of the analytical procedure on an isotope
specific basis. The suite of radionuclides selected for analysis was determined from historical data and
the derivation of the authorized limits (Fritz et al. 2003; Napier et al. 2004). The analytical methods were
adequate to detect concentrations well below the authorized limits (Table 2). In some cases,
concentrations of additional radionuclides were determined as a result of the analytical procedure. The
gamma scan provided results for 23 radioisotopes, an isotopic plutonium analysis provided results for
plutonium-238 in addition to plutonium-239/240. Americium-241 was not analyzed for in samples
collected for this study because it was not expected to be present in detectable amounts. The inclusion of
americium-241 in the authorized limits was based on the historical site assessment where it was identified
as having been used in research on the Fitzner/Eberhardt Arid Lands Ecology Reserve (ALE) Unit of the
HRNM (Fritz et al. 2003). All results are permanently stored, and available upon request, in the Hanford
Environmental Information System (HEIS).
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in HEIS. Potassium-40 was the only radionuclide consistently detected in the gamma scan from samples
collected on the McGee Ranch-Riverlands and North Slope. Potassium-40 is a naturally occurring
radionuclide and is generally found at detectable concentrations in soil.

Strontium-90 was measured above the detection limit in 12 of the 67 soil samples collected on the
McGee Ranch-Riverlands and North Slope units. The median and maximum strontium-90 concentrations
observed were 0.0056 and 0.19 pCi/g, respectively. The maximum observed strontium-90 concentration
was 0.22% of the authorized limit (88 pCi/g) (see Table 3).

Soil samples collected on the McGee Ranch-Riverlands and North Slope units were analyzed for
three uranium isotopes: uranium-234, uranium-235, and uranium-238. As expected, uranium-234 and
uranium-238 had concentrations above the detection limit for most of the samples, and 28 of the
67 samples had uranium-235 concentrations above the detection limit (Table 3). This is consistent with
historical soil monitoring data, which consistently detects uranium-235 less often than uranium-234 and
uranium-238. The maximum measured concentrations of uranium-234, uranium-235, and uranium-238
were well below the authorized limits for the McGee Ranch-Riverlands and North Slope units (Table 3).
The maximum observed uranium-238 concentration (2.9 pCi/g) was 0.38% of the authorized limit (770
pCi/g).

Plutonium-239/240 had detectable concentrations in 44 of the 67 soil samples collected on the McGee
Ranch-Riverlands and North Slope units (Table 3). The maximum measured soil concentration of
plutonium-239/240 (0.025 pCi/g) was only 0.005% of the authorized limit. While plutonium-238 is not a
contaminant of concern identified in the authorized limits, it was analyzed at the same time as plutonium-
239/240. Only 25 of 67 samples had detectable concentrations of plutonium-238. In general, the
plutonium-238 concentrations were about ten times lower than the plutonium-239/240 concentrations.

The results of soil samples collected on the McGee Ranch-Riverlands and North Slope units indicate
that the concentrations of the radionuclides of concern are well below the authorized limits (Figure 3).
Cesium-137 was the radionuclide with a measured maximum closest to the applicable authorized limit.
The maximum cesium-137 concentration was 1.4% of the authorized limit.
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Figure 3. Comparison of Median and Maximum Results to Authorized Limits for Radionuclides with
Detectable Concentrations in Soil Samples Collected on the McGee Ranch-Riverlands and
North Slope Units. (Note the vertical axis is a logarithmic scale).

3.1.2 Statistical Analysis

A statistical analysis of the results was conducted to confirm assumptions made in the sampling
design were met and to determine if the potential existed for concentrations of radionuclides to exceed the
Authorized Limits when uncertainty was considered. This analysis confirmed that all the assumptions
were valid for the North Slope units, and that the number of samples and location of sampling sites were
appropriate. For the McGee Ranch-Riverlands Unit, the assumption of normally distributed data was not
met. Since this assumption was not met, the number of samples necessary to determine with a high
statistical confidence that the McGee-Ranch-Riverlands Unit did not exceed the Authorized Limits was
recalculated assuming non-parametric distribution. Under this scenario, the 19 total samples collected
from the McGee Ranch-Riverlands Unit were an acceptable amount. In other words, the additional 12
samples collected from the Riverlands Classification Yard and from selected locations on the unit (see
Table 1) were sufficient to meet the statistical requirements for determining if the not-normally
distributed soil concentrations of radionuclides on the McGee Ranch-Riverlands were less than the
Authorized Limits.

The statistical analysis of results for samples collected on the North Slope and the McGee Ranch-
Riverlands units concluded that the Authorized Limits were not exceeded when total uncertainty was
considered. Confidence limits (as opposed to tolerance limits) were used to statistically determine if
concentrations measured on the HRNM units were greater than the authorized limits since the results on
the McGee Ranch-Riverlands were not normally distributed. The calculated non-parametric upper
confidence limit for each radionuclide for the North Slope and McGee Ranch Riverlands units (which
represents the value at which 99% of the measurements reside below with a 99% confidence level) was
lower than the Authorized Limit for each radionuclide.
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Figure 7. Uranium-238 Concentrations (pCi/g) Measured on and Around Savage Island

3.1.5 Riparian Sampling

Samples were collected from the riparian zone along the Columbia River on the North Slope of the
HRNM. Figure 8 shows uranium-238 concentrations (pCi/g) in soil samples collected from the riparian
zone. Uranium isotopes were the only radionuclides with detectable concentrations higher than the
average concentrations measured across the McGee Ranch-Riverlands and North Slope units (Table 7).
Similar to Savage Island, uranium was assumed to have originated from either natural abundance,
agricultural practices adjacent to the Hanford Site, upstream mining operations, or Hanford activities.
The two highest uranium-238 concentrations measured in the riparian zone in this study were collected
downstream of the reactors and upstream of Vernita Bridge. The higher concentrations appeared to
generally be adjacent to locations near irrigation water returns or near areas where farming had occurred
prior to establishment of the Hanford Site. All uranium concentrations measured in samples collected by
this study were below the respective Authorized Limits.

13






members during sample collection, and helped determine sampling locations at the site. The samples
were then returned to PNNL, where they were split with a riffle splitter. One half of the sample was
turned over to the Department of Health, while the other half was submitted for analysis. The four
samples that were split were MCG- 13, -14, -15 and -17. In February 2007 the Department of Health
released a report summarizing the comparison of results for the split samples (DOH 2007). Results
indicated good agreement for all radionuclides, with the exception of uranium isotopes. The observed
difference between uranium concentrations reported by DOH and PNNL for these four samples was
consistent with historical differences observed in Hanford Site soil and sediment samples; the DOH
concentrations were consistently higher (DOH 2007). The discrepancy between reported DOH and
PNNL uranium isotope concentrations is attributed to a difference in analytical methodology; DOH
dissolves the sample completely, while the PNNL analysis leaches uranium from the soil (DOH 2007).
The uranium concentrations reported by the DOH in the four soil samples collected from the Riverlands
Classification Y . on the McGee Ranch-Riverlas = were below the respective Authorized Limits.

3._ Potential Dose Estimates

The soil concentrations measured on the McGee Ranch-Riverlands and North Slope units were well
below the authorized limits. As discussed, these limits were developed based on a 100-mrem/year maxi-
mum allowable dose rate to members of the public. In order to estimate the doses from the measured soil
concentrations, the maximum measured concentration of each radionuclide analyzed in this study was
used as input to the DOE-approved computer model RESRAD. Several different scenarios were con-
sidered here, and results of this study could be used to evaluate other scenarios. The modeled doses
account for all the radionuclides included in the authorized limits (if they were at detectable
concentrations or not), with no subtraction of background.

3.2.1 ecreation: Visitor Scenario

The recreational visitor scenario is the scenario that most closely approximates the anticipated usage
of the McGee Ranch-Riverlands and North Slope units. This scenario assumes a visitor spends
280 hours/year on the HRNM, and eats game harvested on the HRNM (Napier et al. 2004). For the
recreational visitor scenario, the dose estimated from the maximum soil concentrations measured on
McGee Ranch-Riverlands and North Slope units is 0.23 mrem/year, or less than 1% of the 100-mrem
annual dose limit used to establish the authorized limits. Cesium-137 is the largest contributor to the
estimated doses, with cesium-134 the next highest contributor (Table 8). This estimated annual dose is
0.1 mrem higher than the dose estimated for the ALE Unit of the HRNM (Fritz et al. 2007). This differ-
ence is primarily attributable to the difference in the maximum reported cesium-134, europium-152,
uranium-234, and uranium-238 concentrations. Since the maximum cesium-134 and europium-152
concentrations were not measured at concentrations above the detection limit, the most likely difference
in the dose estimates to a recreational visitor on the McGee Ranch-Riverlands or North Slope units of the
HRNM (relative to the ALE Unit) stem from the difference in uranium concentrations in soil.

3.2.2 Agricultural Resident Scenario
The agricultural resident scenario assumes the resident lives year-round on the McGee Ranch-

Riverlands or North Slope units of the HRNM and produces or harvests most of his or her food on the
INM. While this is an unlikely event under current and planned future use scenarios, it represents a
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used to conduct a biota dose screening assessment using the RESRAD biota computer code. This code
compares the ratio of the radionuclide concentration in soil that would result in a 0.1 rad/day dose to
terrestrial biota to maximum measured concentrations, then uses the sum of fractions determine if the
dose would exceed the recommended dose limit. The assessment was done for the McGee Ranch-
Riverlands and North Slope units separately (Appendix E). The total sum of fractions for dose to
terrestrial biota from the maximum soil concentrations observed on the McGee Ranch-Riverlands and
North Slope units is 0.058. Since the McGee Ranch-Riverlands and North Slope units are bounded by the
Columbia River, a level 1 screen was conducted assuming that the maximum measured soil
concentrations were also maximum sediment concentrations in the river. The total sum of fractions from
the sediment for a riparian animal was 0.026. Since the sum of fractions for each assessment is less than
one, the soil evaluated passes the level 1 screen. Passing the level 1 screen indicates that soil
concentrations on the McGee Ranch-Riverlands and North Slope units should not contribute a dose to
terrestrial or riparian biota receptor that exceeds the recommended dose limit of 0.1 rad per day.

4.0 Conclusions

All 67 soil samples collected from the McGee Ranch-Riverlands and North Slope units of the HRNM
had concentrations of radionuclides far below the authorized limits. The maximum measured
concentrations in soil were less than 2% of the respective authorized limits. A statistical analysis of the
results confirmed the Authorized Limits were not exceeded when total uncertainty was considered. The
calculated upper confidence limit for each radionuclide measured in this study (which represents the value
at which 99% of the measurements reside below with a 99% confidence level) was lower than the
Authorized Limit for each radionuclide. The measured concentrations were similar to previous envi-
ronmental monitoring on and around the McGee Ranch-Riverlands and North Slope units and to
estimated Hanford Site background soil concentrations. Furthermore, the maximum observed soil
concentrations of radionuclides included in the authorized limits would only result in an annual dose of
0.23 mrem, assuming a recreational visitor scenario. The modeled dose for the agricultural resident
scenario based on the maximum measured concentrations was 4.0 mrem/year. Similarly, the modeled
dose to a resident child on the McGee Ranch-Riverlands or North Slope units from the maximum
measured concentrations of radionuclides was 4.2 mrem/year. These doses are all well below the DOE
established 100-mrem/year dose limit for members of the public.

Spatial analysis of the results indicated no major differences in radionuclide concentrations across the
McGee Ranch-Riverlands and North Slope units. There were slightly elevated cesium-137, strontium-90,
and plutonium-239/240 concentrations measured around the former Riverlands Classification Yard.
Uranium concentrations measured in some samples collected from the Hanford Reach riparian zone and
Savage Island were also slightly elevated relative to other sampling locations. However, these results
were within in the range of reported Hanford background soil concentrations and historical monitoring
results. Finally, the results of the biota dose assessment screen indicate that the levels of radionuclides in
soil on the McGee Ranch-Riverlands and North Slope units should result in doses to biota below the
recommended limit of 0.1 rad per day.
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Table B.2. (contd)
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Appendix D

Deve rpment and Implementatic of a Resident C ild
Dos isment c¢ ario






For the sake of analysis, itis sun  hat one or more families take up residence in the area. Local
foods are gathered, prepared, and eaten. The environment is assumed to be similar to that defined by the
WDOH, although specific food types and practices may differ. The WDOH has defined a set of
RESRAD input parameters that differ from the RESRAD default template as shown in 1ible D.1.

(Table D.1 shows neither the WDOH default values, the RESRAD default values, nor the differences
between these two data sets.) The advantage of the WDOH set of parameters is that the environmental
parameters are all related to the Hanford Site. Consumption of Columbia River water or HRNM

grour vater is not considered for the scenario.

An important parameter revised from the W OH environmental parameters is the mass loading of
dust in the air for the inhalation pathway. Because the dust in freq 1ted areas, such as dirt roads, might
be enhanced because of mechanical disturbances, an s 1al average mass-loading value of 50 pg/m” is
appropriate. This value is approximately three times higher than the annual average concentration of
respirable dust measured on and around the Hanford Site (Neitzel et al. 2006).

The child is assumed to be between 6 to 18 months old. This age is old enough that the parents may
be comfortable leavi  he child briefly -  tended on the ound, and old enor ‘i that the * ~d will be
mobile enough to move around on the ground and potentiatly put interesting items and/or soil into his or
her mouth. As a result, the soil intake rate is increased to 200 milligrams/day. For a year-round resident,
this results in an annual 73-gram intake, as reflected in Table D.1.

The breathing rate of the child will be lower than that for an adult. The International Commission on
Radiological Protection (1974) estimates that 1-year-old children i ales about 2 liters/minute (which
converts to 1.050 m*/year as reflected in Table D.1).

It is also assumed that the child has begun to eat solid foods, and that these foods are produced in the
local area. Based on a 1977 U.S. Department of Agriculture Food Consumption Survey (USDA 1977), it
is estimated that 1-year-old rural children will eat about 125 grams/day of produce and drink about 1 liter
of milk each day. Cows’ milk is assumed for this calculation, beca e cows’ milk is one of the readily
obtained outputs from RESRAD. The annualized versions of these values are shown in Table D.1.

The RESRAD code output was abstracted to generate environmental concentrations of contaminants,
starting with an init  condition of 100 pCi/gram of each radionuclide, results in soil, air, and food
concentrations as shown in Table D.2. These are the concentrations used in the agricultural resident
scenario as described in Napier et al. (2004).

Very young children have different metabolisms than adults. Their gastrointestinal tract does not
discriminate against certain chemicals as well as those of adults, ar  aptake of trace materials such as
radionuclides can be higher. Ine lition, for a given intake, their body mass is smaller, and the energy
emitted from decaying radionuclides may be absorbed in a smaller dy or organ mass, resulting in a
larger dose per unit intake. The U.S. Environmental Protection Agency has evaluated progress made in
understanding these effects, and prepared federal guidance (Eckerman and Ryman 1993) that incorporates
many of the age-dependent factors. The ingestion and inhalation dose co:  icients used in the RESRAD
code for adults are compared to those for 1-year-old children from FGR-13 in Table D.3.
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Table D.5. Results of the RESRAD Dose Estimate for the Resident Child Scenario (based on measured
soil concentrations)

B McGee Ranch-Riverlands or North
Slope Maximum Measured Total Dose
Radionuclide Soil Canreptratinn (pCi/g)® (mrem/yr)
Cobalt-60 V.U26 0.23
Jrym———— 0.19 0.24
Cesium-134 0.17 0.88
Cesium-137 0.66 1.45
Europim-157 nig 0.65
[ Uranium-234 | 55 0.24
1 oo s
PIULONIUM-235/ 24U | U.uLd U.Uuu / /
Ap-arininm 241(b) { n A9 0.0021
?ombined ‘1'otal Dose 4.2 ]
(a) From Table 3 of the main text.
(b) Maximum americium-241 soil concentration measured on the Fitzner/Eberhardt
Arid Lands Ecology Reserve Unit used.

The inhalation dose coefficients for alpha-emitting radionuclides are higher for children than for
adults, in part, because of the smaller organ mass of children. However, a child’s inhalation rate is
substantially smaller than that of an adult, which more than compensates for the increased dose per unit
intake.

External doses are assumed to be the same for adults and children. Although it may be argued that
chi en are “closer to the ground” than adults, and the dose coefficients are calculated for a point 1 meter
above the soil, the difference in dose rate at different distances from an infinite emitting plane (the way
the dose rate factors are modeled) is small, and the total elapsed times of exposure assumed for both
adults and children are the same.

An important supposition in the impetus to estimate doses to children is the belief that a child’s
increased intake of contaminated soil would result in increased doses. This is not the case. As can be
seen from the pathway-specific results in Table D.4, the soil ingestion pathway contributes less than 4%
of the dose for any one radionuclide. The soil ingestion rate could be increased by one to two orders of
magnitude (factors of 10 to 100) without having a significant impact on the estimated dose.

Because the 1se for children and adults, from the radionuclide spectrum found at various locations
within the McGee Ranch-Riverlands and North Slope Units of the HRNM, is dominated by the external
expo e from cesium-137, the primary parameter determining potential future radiation doses is the
assumed period of occupancy. Thus, doses may be considered essentially a direct function of the amount
of time spent onsite. Any type of residential scenario (farmer, suburban resident, or Native American
subsistence lifestyle) would have approximately the same doses and would result in higher doses than any
type of transient scenario (ranger, hunter, or HRNM visitor).
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Appendix E

Results of the Biota Dose Assessment Screening

Table E.1. Terrestrial Biota Dose Screening Results for the McGee Ranch-Riverlands and North Slope
Units of the Hanford Reach National Monument.

Terrestrial BCG Report tor Level 1

Title: McGee Ranch / Riverlands - screening

Sum of Tt  Ratio; 5.81E-02
Sum of Water Ratio: 0. 00E+00

Sum of Seil Ratio: 5.81E-02

=  Water ‘
:! Huclide (manmfﬁuu Isuz {pUwEy E Hato K Urga F
E:oean 1 9 ; 1.18E+08 asaE«'m § ves | 00257 852602 ; 3. FZE-05 E Yes
o134 2 Ea.ze-&as L2.00E-00 | vas : 0472 | 112801 ; 1.53E.02 E ves
13 - i b i - i . S L S
EC&JS? | a ! 5.53E-05 Eaaue«m Yes ‘ 0.858 | 208401 317E02 g ves
; Eu-152 } g i s.EBE+08 0.00E00 | Yes ( g.18 i 1.52E+03 } 1 QEE-04 f Yes
e [0 eme fowem | e ome [evew [eew| v
ES‘S‘J f 2 gf«ASEﬁJé  0.008+00 “as 0.189 2386401 ' Ves
| uz24 { a | s04E-08 | 0.00E+08 ves as i Yes
L uzes g 9 | 4158208 osoEst0 ]  ves 00978 ]2.775»0# | asoE0s ves
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