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1.
1.1

HMC Land Application Areas

INTRODUCTION

Background

A land application irrigation program was conducted by Homestake Mining Company of California (HMC)
near the Grants Reclamation Project in Cibola County, New Mexico (Site) from 2000 through 2012 by
irrigating areas ranging from 100 to 394 acres with water containing slightly elevated uranium and
selenium concentrations (Figure 1). This program applied locally impacted groundwater as part of
groundwater restoration efforts at the Site. A detailed description of the land application program is
provided in · the Land Application Assessment Report submitted to the U.S . Nuclear Regulatory
Commission (NRC) on September 25, 2017 (Hydro/ERG, 2017).

Figure 1: Former land application areas in relation to large and small tailings piles at the HMC Grants Reclamation
Project Site

1.2

Objectives

Based on monitoring data for soils in the land application areas, there is evidence that impacts to soils
from the irrigation program were minimal (Hydro/ERG, 2017) . HMC intends to perform final status
surveys (FSS) to demonstrate that these areas have concentrations of constituents of potential concern
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(COPCs) that do not exceed proposed criteria for unrestricted release from Radioactive Materials License
SUA-1471 with the NRC. This document provides a FSS Plan for former land application areas at the Site .

2.
2.1

CRITERIA FOR UNRESTRICTED RELEASE
Proposed Release Criteria

The COPCs in the applied irrigation water were primarily limited to uranium and selenium and respective
release criteria have previously been proposed (Hydro/ERG, 2017) . In accordance with 10 CFR 40,
Appendix A, Criterion 6(6), radium-226 (Ra-226) is a radionuclide for which a numeric soil release standard
of 10.5 pCi/g (inclusive of an NRC-approved background value of 5.5 pCi/g) currently exists under an
approved Decommissioning and Reclamation Plan (DRP) (AKG and Jenkins, 1993a and 1993b). Because
the 1993 DRP was approved by NRC prior to June 11, 1999, a Radium Benchmark Dose (RBD) analysis to
derive soil release criteria for radionuclides other than radium is not required for land areas contemplated
in the approved 1993 DRP. However, the land application program was not considered in the 1993 DRP
and because this program occurred after June 11, 1999, a RBD assessment has been performed
(Attachment 1) to derive a radiological dose-based soil release criterion for uranium due to irrigation with
respectively impacted groundwater in these areas.
Thorium-230 (Th-230), a common radionuclide in uranium mill tailings, is not included in the RBD
assessment for land application areas (Attachment 1) as this radionuclide was not found in applied
irrigation water at levels significantly different than background in local groundwater. The release criteria
previously proposed for uranium and selenium in the 2017 Land Application Impact Assessment report
are based on toxicological health considerations underlying soil screening levels (SSL) set by the New
Mexico Environmental Department (NMED, 2017) and U.S. Environmental Protection Agency (USEPA,
2017) . These criteria are adopted for this FSS Plan, and while not previously approved by NRC, HMC
requests approval of the release criteria summarized in Table 1.
Table 1: Soil release criteria for land application areas.
Constituent of
Potential Concern
(COPC)

SSL-based
Toxicity
Crlterlon 1

Modeled
Radiological
Criterion 2

Numeric
NRC
Standard 3

Background
Value"

Soil
Release
Criterion 5

Ra-226 (pCi/g)

-

-

5

5.5

10.5

U-nat (mg/kg)

16

192

N/A

16

5.17

-

-

N/A

5.17

Selenium (mg/kg)

1Based on Soil Screening Levels from USEPA (2017) or NMED (2017) .
2 Most
3
4

restrictive value from Radium Benchmark Dose analysis (Attachment 1).

From 10 CFR 40, Appendix A, Criterion 6(6) .

As established in Amendment 15 to License SUA-1471 (USNRC, 1993). Background is not applicable (N/A)
for SSL-based criteria .

5 Most

restrictive value from potentially applicable soil release criteria.
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Note that 10 CFR 40, Appendix A release criteria include spatial specifications that the average
radionuclide concentration in surface soils (0-15 cm depth) across any 100 m 2 area must not exceed
respective limits for release of surface soils. As demonstrated by previous monitoring data (Hydro/ERG,
2017), levels of uranium and selenium in soils due to the land application program are greatest at the soil
surface, and if surface soils meet respective release criteria, subsurface soils are expected to meet these
criteria as well.

It is understood by HMC that the NRC will perform independent verification

measurements and sampling in the land application areas prior to any decision on release of these areas
from the license.

2.2

Compliance Evaluation

2.2.1

General Considerations

For radiological contamination, the NRC, EPA and other agencies have developed unified guidance for
performing final status surveys to demonstrate compl iance with release criteria in the Multi-Agency
Radiation Site Survey and Investigation Manual (MARSSIM) (USN RC, 2001). Because the COPCs in Table 1
are not limited to radiological constituents, EPA guidance on use of SSLs as preliminary remediation goals
(PRGs) based on toxicological health endpoints (USEPA, 1996) was reviewed.

SSLs for uranium and

selenium are based on a non-carcinogenic Hazard Quotient (HQ), and EPA guidance indicates that HQ
effects should be considered additive only for COPCs with the same toxicity endpoint and/or mechanism
of action (USEPA, 1996).

Because toxicity effects differ for uranium and selenium, use of a

sum-of-fractions calculation (a.k.a . "Unity Rule") as specified in Appendix A of 10 CFR 40 [Criterion 6(6)]
for multiple COPCs is not appropriate for determination of compliance, and each COPC will be evaluated
separately for compliance with the soil release criteria given in Table 1.

2.2.2

Compliance with Release Criterion for Ra-226

With respect to the NRC-approved release criterion for Ra-226 in surface soil (10.S pCi/g), this standard is
assumed applicable to any land area impacted by 11e.(2) byproduct material at the Site, and a FSS based
on a modified MARSSIM approach will be performed in each land application area to demonstrate
compliance . MARSSIM assumes that soil concentrations will be relatively uniform after remediation, and
does not call for sampling individual 100-m 2 areas to evaluate compliance . Instead, larger "survey units"
are evaluated based on discrete soil sampling and gamma surveys (with gamma/radionuclide correlations)
to assess compliance with individual wide-area derived concentration guideline levels (termed "DCGLw").
For the purposes of this FSS Plan, the release criteria (RC) values proposed in Table 1 are analogous to
DCGLw criteria, and for Ra-226, a statistical non-parametric Sign test 1 will be performed to determine
whether the median concentration in each "survey unit" (see Section 2.4) exceeds 10.S pCi/g. If not, it
will be concluded that the survey unit meets the Ra-226 criterion for release from the license for
1

Because there is an NRC-approved background value for Ra-226 (5.5 pCi/g), a statistical Sign test for compliance
with the total (gross) soil release criterion given in Table 1 is appropriate, and use of a background reference area
and Wilcoxon Rank Sum (WRS) testing is not necessary.
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unrestricted future use. Otherwise, the survey unit will be remediated as needed until compliance with
this RC value is demonstrated .
With respect to small elevated areas (hotspots), MARSSIM specifies a different DCGL (termed "DCGLEMc" )
based on area factors (AFs) (NRC, 2000), but in the case of the land application areas at the HMC Site, any
identified hotspots will be remediated as needed such that average COPC concentrations across any
corresponding 100 m 2 area will meet the soil release criteria specified in Table 1. If any single discrete
sampling location has a Ra-226 concentrations that exceeds 10.5 pCi/g, a 5-point composite surface so il
sample (0-15 cm) will be collected from a 100 m 2 area, with the original discrete sample location situated
at the center of the 100 m 2 area . The composite sample will be analyzed to determine whether the
average concentration of Ra-226 across the 100 m 2 area is > 10.5 pCi/g. This protocol is analogous to an
"elevated measurement comparison" (EMC) as described in MARSSIM, but is modified to accommodate
the 100 m 2 spatial criterion specified in 10 CFR 40, Appendix A.

2.2.3

Compliance with Release Criteria for Uranium and Selenium

With respect to soil release criteria for uranium and selenium (Table 1), a non-parametric statistical Sign
test is also appropriate to demonstrate that median concentrations in each survey unit do not exceed the
soil release criteria given in Table 1. Appendix H of NUREG-1620 indicates that chemical toxicity should
also be considered in deriving a soil release criterion for uranium, and based on this NRC guidance, it is
assumed for the purposes of this FSS Plan that 10 CFR 40 spatial requirements (average across any 100 m 2
area) are appropriate for uranium and selenium.2 For the purposes of this FSS Plan, the FSS soil sampling
design and associated protocols to demonstrate compliance with the Ra-226 criterion as detailed in the
previous Section will be adopted for each land application area to demonstrate compliance with Table 1
soil release criteria for uranium and selenium . This includes both wide-area evaluations as well as hotspot
assessments.
Regarding gamma surveys for areas between sampling locations, it is acknowledged that these surveys
will not detect selenium, but could potentially detect elevated levels of short-lived uranium decay
products (progeny), including Th-234 and Pa -234 (both have low-energy gamma emissions that could
slightly increase ambient gamma levels) . While scan MDCs for these progeny with a single 1-second
gamma reading would likely be higher than the proposed release criterion for uranium, multiple readings
in the same area that are slightly elevated above background (i.e. spatially correlated data) could result
from elevated uranium contamination in soil. Given that selenium inputs are likely to be co-located with
uranium (due to uniform application via irrigation), use of gamma survey data as a bas is for additional
biased soil sampling in each land application area is believed to be a reasonable approach . In addition,
slightly elevated gamma survey readings could reflect areas of preferential accumulation of impacted fine

2

Note that SSL-based cleanup goals are conceptually based on averages across all impacted areas to which a receptor
may be exposed over time . A 100-m2 spatial criterion is techn ica lly not appropriate for toxicity-based criteria, but
it is conservative and consistent with NUREG-1620 guidance and ALARA principles to app ly this spatial criterion to
all COPCs considered in this FSS Plan.
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soil particles due to erosional processes as smaller particle size fractions tend to have enhanced
adsorption of contaminants due to larger specific surface area and higher cation exchange capacity
(Whicker and Schultz, 1982).

2.3

Statistical Sampling Design

As described in MARSSIM, the applicable statistical parameter to be evaluated with a Sign test for
compl iance with release criteria (analogous to DCGLw values in MARSSIM) for individual radionuclides is
the median measured soil concentration for each radionuclide . Determination of the number of samples
needed depends on the expected variability in radionuclide concentrations after any remediation, along
with specified limits on Type 1 and 2 decision errors and the lower bound on the grey region (NRC, 2000) .
Although variability in the COPCs appears to be relatively low (Hydro/ERG, 2017; HDR/USEPA, 2016), more
conservative (higher) estimates of standard deviations for each COPC, based on experience with soil
cleanup at other uranium recovery sites, were used to calculate the number of samples needed. Figure 2
shows the calculation of the number of samples required for Ra -226 as generated with Virtual Sample
Plan software (VSP, 2016) .
•
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Figure 2: MARSSIM-based calculation of the number of FSS samples to be collected in each
survey unit (each land application area) based on a 1-sample Sign test.
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Additional parameters used to determine the appropriate sample size included a lower bound on the gray
region (LBGR) of 5.25 pCi/g (MARSSIM default value of 50% of the DCGL), and limits on Type I (a) and Type
II (~) decision error rates set at 0.05 each. The MARSSIM-based calculation of minimum sample size in
VSP results is 15 samples per survey unit (Figure 2). Similar results were obtained for uranium and
selenium. Because of the large size of the survey units, this number will be increased to 20 samples per
survey unit (per land application area), each of which will be analyzed for each COPC listed in Table 2 (see
Section 3.2) .

2.4

Survey Units and Classification

Based on previous soil monitoring results for the land application areas (Hydro/ERG, 2017) relative to the
soil release criteria given in Table 1, each individual land application area will be categorized as a Class 3
survey unit. Under MARSSIM (USNRC, 2000), Class 3 survey units represent areas that may have been
impacted, but concentrations of CO PCs are expected to be present only at a small fraction of the release
criteria . Each land application area will be considered as a single survey unit based on a distinct history
with respect to the mechanism of impacts to soil. MARSSIM does not place limits on the size of Class 3
survey units, and concentrations across each land application area are expected to be relatively uniform
(Hydro/ERG, 2017) . Comprehensive gamma radiation surveys will be conducted, and additional biased soil
samples will be collected in areas of higher gamma readings to reduce the chance of missing any
"hotspots" between soil sampling locations as previously noted.

3.

METHODS

The methods for final status surveys of each land application area will include comprehensive gamma
radiation surveys (gamma surveys), and statistically-based soil sampling as prescribed by MARSSIM. These
methods are described below.

3.1

Gamma Radiation Survey

Gamma surveys will be conducted in the field to indirectly evaluate radiological contamination in surface
soils residing at or near the ground surface. Traditionally, gamma radiation and soil Ra-226 concentrations
are correlated for this purpose, but in this circumstance significantly elevated concentrations of Ra -226
are not expected, and a statistically significant correlation with gamma radiation in these areas may not
be possible. Nonetheless, gamma surveys will be used to provide indications of what spatial variability in
terrestrial radiation does exist, and to identify potential locations for biased (judgmental) FSS sampling.
A gamma survey will be performed over the full extent of each land application area along 10-meter scan
transects, with the detector positioned at approximately 0.5 meters above the ground surface (Figure 2) .
This transect spacing is consistent with NRC guidance found in NUREG-1620 (USN RC, 2003) . Scanning will
involve GPS-based walkover or all-terrain vehicle (ATV) drive-over surveys with scan speeds ranging from
about 0.5 to 1.5 meters/second (typical walking speeds) depending on terrain . Instrumentation will
include a Ludlum 44-10 sodium iodide (Nal) detector coupled to a Ludlum 2221 ratemeter/scaler, or
similar. Simultaneous gamma/GPS readings will be recorded on a 1-second data output schedule.
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Prospective (a priori) estimates of the minimum detectable concentration of Ra -226 in soil while scanning,
referred to in MARSSIM as the "scan MDC" (USNRC, 2000), were calculated based on the above
specifications on scan speed and detector height, along with an assumed background count rate of 15,000
counts per minute (cpm). 3 A resulting graph of scan MDC versus size (diameter) of area of contaminated
soil (referred to as a "hot spot") is shown in Figure 3.

50
-

~

U

I

45
40

Q.

U 35
0
~ 30
C:
,a

.xID
N
N

,I,

a:

25
20
15

\

10
5
0
0

3

4

5

6

7

8

9

Hot Spot Diameter

Figure 2: Example gamma
survey
systems
for
walkover scanning.

10

11

12

13

14

15

(m)

Figure 3: Scan MDC versus hotspot diameter for the gamma
survey method.

The soil release criterion specified in 10 CFR 40, Appendix A for Ra-226 in surface soil (0 to 15 cm depth)
is 5 pCi/g Ra-226 above background, averaged across any 100-m 2 area . Calculated scan MDCs for the
walkover survey (Figure 3) show that a single 1-second count rate reading with this method will be able
to detect Ra-226 concentrations in surface soil at the release criterion (5 pCi/g) for hotspots as small as
about 2 meters in diameter (representing a contaminated area of about 4 m 2 ) . The gamma scanning
method specified in this FSS Plan has sufficient sensitivity to meet applicable survey objectives as defined
herein .
Comprehensive gamma survey maps will be produced for each survey unit (land application area) and
evaluated for any areas of elevated terrestrial gamma radiation.

Additional biased samples will be

collected in such locations, but the number will depend on the magnitude of differences in gamma
readings relative to apparent background levels in the area .
In addition to gamma count rate surveys as specified above, exposure rate measurements are indicated
as a final step in the decommissioning process under 10 CFR 40.42. Considered the most accurate
instrument available for measurement of external exposure rate in a radiation field comprised of both
cosmic and terrestrial sources (Whicker and Chambers, 2015), high-pressure ionization chamber (HPIC)

3

Scan MDCs were calculated based on a recently published method (Alecksen and Whicker, 2016) and online
calculator (ERG, 2017) designed specifically for electronically recorded, GPS based gamma surveys, along with
conservatively estimated Site-specific background gamma readings .
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will be used to estimate the average exposure rate at 1 meter above the ground surface in each survey
unit. Ideally this value will be estimated based on cross-calibration of gamma scanning detectors against
the HPIC at 10 or more locations representative of the range of gamma readings observed across all land
application areas, followed by conversion of all scan data to units of exposure rate and calculation of the
mean value for each survey unit.
In the event that variability in gamma readings is too low to generate a statistically robust or significant
correlation with exposure rate readings, HPIC measurements alone may be used to directly calculate an
estimate of the mean exposure rate . The number of measurement locations needed to estimate the mean
with a significant degree of certainty depends on the variability in gamma radiation across the survey unit,
which is unknown until measurements are collected.

Section 8.6 of NUREG/CR-5849 Manual for

Conducting Radiological Surveys in Support of License Termination (USNRC, 1992) provides the below
equation to estimate the number of samples needed to estimate the mean of a population with a
pre-determined degree of certainty.

N>(;cvf

Equation 4

Where :
N = sample number
cv = coefficient of variation (standard deviation divided by mean)
t = t-statistic for chosen confidence level
r = relative fraction error estimate of the mean
Figure 2 shows the plot of Equation 4 for a relative fraction error (r) of 10% and 20% and a confidence
level of 95% (t = 1.645) for various coefficient of variation (CV) values. Figure 4 demonstrates that as the
CV increases, the number of samples needed to achieve a given relative fraction error of the true mean
increases rapidly. Assuming a true CV between 20 and 30 percent, which is reasonably consistent with CV
values observed for the COPCs in Table 1 across the land application areas (Hydro/ERG, 2017), it seems
reasonable that 10 measurements of exposure rate collected across each background area is adequate to
estimate the mean exposure rate to within 10 to 20 percent (e.g. within± 1-2 µR/hr in a 10 µR/hr gamma
field).
Based on this assessment, if the alternative approach of direct HPIC measurements is used to estimate
the mean exposure rate, a randomized triangular grid for 10 HPIC measurements will be generated with
VSP, and the HPIC measurements will be taken across each land application area survey unit. These data
will be included in the FSS Report along with calculated mean exposure rate values for each survey unit.
Note that there are no release criteria associated with this FSS parameter, it is simply a regulatory
requirement to document the final external exposure rates for removal of these areas from regulatory
control under license SUA-1471 and release for unrestricted future use.
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Sample Number Required to Estimateµ at a 95%
Confidence Level
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Figure 4: Number of samples required to estimate the mean at a 95% confidence level .

3.2

Soil Sampling

Soil samples will be collected with a manual auger-type barrel sampler, shovel, hand trowel or similarly
appropriate sampling equipment. Sampling tools will be cleaned between each sample collection to
prevent cross-contamination of samples. Twenty samples of surface soil (0-15 cm) will be collected across
each survey unit on a randomized triangular grid using VSP (VSP, 2016) to plot the sampling locations.
Subsu rface soil samples will not be collected as it is expected that any areas that exceed the releas e
criteria given in Table 1 will be excavated until these criteria are met. In the event of an exceedance, a
5-point composite sample from a 100 m 2 area centered on the original sample location w ill be collected
to determine whether average concentrations exceed any of t he release criteria . If not, compliance with
Table 1 release criteria will be concluded for the location, otherwise, the area will be excavated to the
depth necessary to atta in compl iance. All soil samples w ill be analyzed fo r the radionucl ides shown in
Table 2 by Energy Laboratories, Inc. (Casper, WY), an accredited National Environmental Laborato ry
Accreditation Council (NELAC) laboratory.
Table 2: Analysis parameters, methods and LLD values.

Radionuclide
U-nat
Selenium
Ra-226
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Disposition of Contaminated Soil

Soil that does not meet the release criteria will be removed from the impacted location and disposed at
the solid waste trench disposal area on the southern portion of the Small Tailings Pile (STP). Haul trucks
loaded with contaminated soil will be tarped to prevent spillage in rout to the disposal location. Once the
analytical results for the FSS are available and the NRC concurs that any remedial soil excavation has
resu lted in compliance with soil release criteria across the entire land application area, the area will qualify
for release from the license for unrestricted future use, but any contaminated soil disposed in the STP will
remain as licensed material under NRC regulatory control.

3.4

Documentation and Reporting

A FSS Report will be developed describing the radiological surveys and statistical evaluations of
compliance with the soil release criteria, and to document final exposure rates across each former land
application area . The FSS Report will be submitted to the NRC for review and consideration of release of
these areas from further regulatory control under NRC license SUA-1471. Once regulatory comments are
resolved and the Report is accepted by NRC, a license amendment request to release from the license all
land application areas for unrestricted future use will be submitted.

All FSS gamma survey and soil

sampling data will be retained until the radioactive materials license with the NRC is terminated .

4.

Quality Assurance / Quality Control

All gamma surveys, soil sampling, and laboratory measurements used to guide any remedial excavations
and to conduct final status surveys will subject to the data QA/QC protocols as described in this Section .
The purpose of these protocols is to ensure that the analytical data to be generated will be of sufficient
quality to reliably support correct decisions regarding compliance with the soil release criteria given in
Table 1 of this FSS Plan.

To meet this objective, analytical uncertainties introduced by variability in

instruments, laboratory methods, and survey techniques will be minimized and qualitatively and
quantitatively assessed in terms of data accuracy and precision .
In general, quality assurance (QA) includes qualitative aspects of the FSS Plan necessary to ensure an
appropriate analytical design and proper implementation of planned methods and procedures. Quality
control (QC) includes quantitative measures to monitor analytical method performance and to allow
respective estimation of data uncertainty (accuracy and precision) . A generalized summary of QA/QC
protocols/requirements is as follows :
Program QA Summary:
•

All gamma surveys, soil sampling, and supporting measurements used for the FSS will be subject
to the data QA/QC protocols outlined in this Section.

•

Applicable SOPs listed in Table 3 (Section 4.1) and as provided in Attachment 2 will be followed
for all gamma surveys and soil sampling.
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Radiological survey objectives for soil decommissioning were used as the basis for the analytical
approaches developed in this FSS Plan in order to produce data of the type, quantity and quality
necessary to reliably support correct decisions regarding compliance with soil release criteria and
release of these areas from the license for unrestricted future use.

•

The radioanalytical approaches and methods to be used are consistent with relevant regulatory
guidance (e.g. MARSSIM, NUREG-1620).

•

Detailed field notes will be kept in field logbooks to document daily activities and any relevant
observations regarding environmental conditions or equipment-related performance that could
affect data quality.

•

The proposed offsite laboratory is fully qualified and appropriately accredited for analysis of the
COPCs specified in Table 1.

•

Standard chain -of-custody protocols will be followed for sampling shipping and offsite laboratory
analyses.

Project QC Summary:
•

Calibration of gamma detectors will be performed within one year prior to use for the FSS.
Calibration certificates will be kept on file and included in appendices to applicable portions of
the FSS report.

•

Daily QC measurements will be performed as specified in the applicable Standard Operating
Procedures (Section 4.1 and Attachment 2) for all field survey instruments to ensure proper
instrument performance . This data will be evaluated in terms of measurement precision and data
reproducibility .

•

The commercial laboratory used for analysis of soil/sediment samples will perform routine QC
measurements for each batch of sample results (e.g. duplicate sample analyses, sample spikes,
method blanks, etc.) in order to provide quantitative indications of accuracy and precision. All
data will be qualitatively and quantitatively reviewed by an experienced health physicist and
evaluated in terms of data quality with respect to FSS objectives.

4.1

Standard Operating Procedures

All FSS elements will be conducted in accordance with applicable Standard Operating Procedures (SOP)
provided in Attachment 2. A summary listing of SOP titles is provided in Table 4.
Table 3: Standard Operating Procedure {SOP) numbers and titles for implementation of this FSS Plan.

SOP ITC.201

Operational Checkout of Single-Channel Detector with Meter

SOP PWT.105

Performing a GPS-Based Gamma Radiation Survey

SOP PWT.106

Making Exposure Rate Measurements Using a High Pressure Ionization Chamber (HPJC)

SOP PWT.108

Soil Sampling for Analytical Purposes

SOP PWT.109

Developing a Correlation
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A1.1 Introduction
Homestake Mining Company of California (HMC) is the Licensee on Radioactive Materials License
SUA-1471 with the U.S. Nuclear Regulatory Commission (NRC). This former uranium milling facil ity is
located about 5 miles north of the town of Milan, New Mexico in Cibola County (Site) . The facility is now
known as the HMC Grants Reclamation Project (Site) based on ongoing efforts to restore groundwater to
meet regulatory standards, along with remaining areas of so il contamination . Most areas of the Site have
been successfully remediated to meet NRC-approved soil standards for release of land areas from the
license for unrestricted future use (ERG, 1995). In accordance with 10 CFR 40, Append ix A, Criterion 6(6),
the applicable standards for radium-226 (Ra-226) are as follows :
•

Surface Soil (0-15 cm) = 5 pCi/g above background, averaged over any 100 m 2 area .

•

Subsurface Soil (any 15-cm increment below the top 15 cm) = 15 pCi/g above background,
averaged over any 100 m 2 area.

These standards are commonly referred to as the "5/15 rule" , and are the only soil standards currently
approved by NRC for the Site. The 5/15 rule is applicable to all land areas contemplated in the approved
1993 Decommissioning and Reclamation Plan (AKG and Jenkins, 1993a and 1993b), as well as any other
areas impacted by 11e.(2) byproduct material. The NRC-approved Ra-226 background so il concentration
for the Site is 5.5 pCi/g as incorporated in the release criteria given in Amendment No. 15 of License
SUA-1471 in 1993 (USNRC, 1993). Based on the established background concentration of Ra-226 in soil
and Criterion 6(6) specifications as noted above, the effective (gross) soil release standards for Ra-226 at
the Site are 10.5 pCi/g in the upper 15 cm of the soil profile and 20.5 pCi/g below the top 15 cm of the soil
profile.
With respect to radionuclides other than Ra-226, on April 12, 1999, the NRC issued a Final Rule (64 FR
17506) requiring use of the existing soil radium standard (the 5/15 rule) to derive a dose-based criterion
for the release of soils containing residual byproduct radionuclides other than radium . This amendment
to Criterion 6(6) of 10 CFR 40, Appendix A became effective on June 11, 1999. Because the currently
approved DRP was accepted by NRC prior to June 11, 1999, derivation of release criteria for radionuclides
other than radium based on a "Radium Benchmark Dose" (RBD) analysis to is not required for licensed
activities and associated lands contemplated in the approved 1993 DRP. For areas irrigated w ith impacted
groundwater during the 2002-2012 Land Application Program, the RBD assessment provided in th is
Attachment is applicable to uranium as these areas were irrigated with respectively impacted
groundwater, and this remedial activity was not contemplated in the approved 1993 DRP . A detailed
description of the land application program is provided in the Land Application Assessment Report
submitted to the NRC on September 25, 2017 (Hydro/ERG, 2017).
The RBD approach specified in Criterion 6(6) requires NRC licensees to model the site-specific dose from
the existing soil radium standard (the 5/15 rule) and to use this RBD to determine the maximum
concentrations of other radionuclides in soil that would result in the same dose to the average member
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This Attachment documents the modeling and assumptions used to derive a

dose-based soil standard for natural uranium (U-nat) using the RBD Approach. Mill-related radionuclides
other than U-nat are not expected to be present in significant concentrations above background in the
Land Application areas, and corresponding dose-based standards are not developed herein. 4

Al.2 Radium Benchmark Dose Modeling
The RBD for the HMC Grants Site was modeled based on NRC regulatory guidance found in Appendix Hof
NUREG-1620 (USN RC, 2003). Modeling software and assumptions are described below.
Al.2.1 Receptor Scenario Selection

A number of potential land uses and corresponding receptor scenarios were considered for RBD modeling.
These included ranching, mining, home-based business, light industry and resident farmer scenarios as
described in Appendix H of NUREG-1620 (USNRC, 2003).

A rural residential scenario with limited

agricultural production was selected as the most plausible land use within the foreseeable future (within
200 years) as this is consistent with current/historic land uses in this part of Cibola County, New Mexico.
Al.2.2 Modeling Code and Parameter Selections

The RBD for the Site was modeled using the RESRAD computer code, Version 7.2 (ANL, 2016). The dose
pathways included for the rural resident scenario included external gamma, inhalation, and ingestion of
meat, plants and well water, along with incidental ingestion of soil particles. The radon pathway was
excluded per 10 CFR 40, Appendix A specifications. The milk and aquatic foods pathways were excluded
per guidance found in Appendix Hof NUREG-1620 (USN RC, 2003).
The assumed zone of contaminated soil was set at the RESRAD default (10,000 m 2 or approximately 2.5
acres), which is reasonably consistent with the typical size of rural residential lots in local community
developments. The contaminated zone was assumed to contain residual byproduct Ra-226 in surface soil
(0-15 cm) at a concentration of 5 pCi/g. For subsurface soil (15-30 cm), a Ra-226 concentration of 15 pCi/g
was assumed, covered by 15-cm of clean soil (i.e. the RBD attributable to surface and subsurface soil
contamination was modeled separately). Per NUREG-1620 guidance (USN RC, 2003), Pb-210 was assumed
to be in equilibrium with Ra-226 levels in soil.
The hypothetical receptor (rural resident) was assumed to be present outdoors in the contaminated zone
25% of the time and indoors 50% of the time (RES RAD default occupancy factors) . Precipitation was set
at 0.27 meters per year. It was further assumed that only 10% of livestock feed for meat consumption is
grown in the contaminated zone (supplemental feed is necessary due to small lot size and dry climate),
and that 10% of ingested plant foods are grown in a garden within the contaminated zone. Irrigation
4

Thorium-230 (Th-230), a common radionuclide in uranium mill tailings, is not included in the RBD assessment for
land application areas as this radionuclide was not found in applied irrigation water at levels significantly different
than background in local groundwater.
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w it hin the contam in at ed zone was set at 0.72 m/ yr based on average irrigati on water applied during th e
land application program, and livestock are watered entirely from an onsite groundwater well. All othe r
modeling paramete rs we re assumed equiva lent to RESRAD default values .
Al.2.3 RBD Modeling Results

Rad ium Benchma rk Dose modeli ng results indicate that a rural resident at t he Sit e would receive a
maximum TEDE of 30 mrem/yr due t o Ra -226 an d Pb-210 con centrations of 5 pCi/g each residing in t he
top 15 cm of the so il profile (F igu re Al-1) . The maximum dose rate (the RBD) is received at t = 0 years,
the maj ority of which (27.2 mrem/ yr) is due to ext ernal gamma radiation from Ra -226 in soil with smalle r
internal dose cont ri butions from plant ingestion (1.8 mrem/yr) and soil ingestion (1.2 mrem/yr)
(F igu re Al-2). Oth er dose pathways are negligibl e.
DOSE : All Nuclides Summed, All Pathways Summed
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With respect to subsurface soils, RBD modeling results indicate that a rural resident at the Site would
receive a maximum TEDE of 18.4 mrem/yr due to Ra-226 and Pb-2 10 concentrations of 15 pCi/g each
residing in the 15-30 cm layer of the soil profile (Figure Al-3) . The maximum dose rate (the RBD) is
received at t = 0 years, with external gamma radiati on responsible for 12.9 mrem/yr, plant ingestion
responsible for 5.4 mrem/yr, and negligible doses expected from other pathways (Figure Al-4).
DOSE : All Nuclldes Summed , All Pathways Summed
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A1.3 Soil Release Criteria for U-nat
Based on the RBD for surface soils (30 mrem/yr), a natural uranium (U-nat) soil concentration required to
produce an equivalent maximum dose rate (a DCGL for U-n at) was modeled using the same receptor
scenario, exposure pathways, and parameter assumptions.
Revision 1, November 13, 2017
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mathematically convenient soil concentration of 100 pCi/g was modeled for use in a scaling equation
(Equation 1) to determine the DCGL for U-nat at the RBD . Equation 1 is provided as follows:
DCGL

Radionuclide Cone. of 100 pCi/g

RBD

Max Dose from 100 pCi/g

Equation 1

Where:
DCGL = Derived Concentration Guideline Level for radionuclide (pCi/g)
RBD = RBD (30 mrem/yr for surface soils, 18.4 mrem/yr for subsurface soils)
The isotopic composition of U-nat was modeled based on the following natural radiological abundances:
48.9% each for U-238 and U-234, and 2.2% for U-235. For U-nat, the maximum dose from 100 pCi/g in
surface soils (0-15 cm) is 8.1 mrem/yr (at t = 1,000 years due to delayed impacts to groundwater). Scaling
this result against the surface soils RBD (30 mrem/yr) with Equation 1 results in a DCGL for U-nat in surface
soils of 370 pCi/g.
For subsurface soils (15-30 cm with 15 cm of clean cover), the maximum dose from 100 pCi/g of residual
byproduct U-nat is 9.6 mrem/yr (occurring at t = 1,000 years due to delayed impacts to groundwater).
Scaling this result against the subsurface soils RBD (18.4 mrem/yr) with Equation 1 results in a DCGL for
U-nat in subsurface soils of 192 pCi/g.
Appendix H of NUREG-1620 indicates that chemical toxicity should also be considered in deriving a soil
uranium concentration limit if soluble forms of uranium are present. The biological solubility of potential
residual uranium at the Site has not been established . The Agency for Toxic Substances and Disease
Registry has published a toxicological profile for uranium (ATSDR, 2013), which includes the following
recommended Minimal Risk Levels (MRC) for uranium intakes based on chemical toxicity :
•
•
•

Ingestion intake limit= 51.2 mg/yr (based on toxicity for a 70 kg adult)
Air concentration limit for inhalation intakes (insoluble forms)= 8 µg/m 3
Air concentration limit for inhalation intakes (soluble forms)= 0.4 µg/m 3

The calculated DCGLs for U-nat in surface soil and subsurface soil (370 and 192 pCi/g respectively), were
used to generate estimates of corresponding intakes to compare against these ATSDR limits. Equations
for calculation of relevant ingestion and inhalation intake metrics are as follows:

Ingestion (mg /yr)=

(sc pCi) (
g

Revision 1, November 13, 2017

/11 /g ) (

mg

0.677P

1

19

0.001 kg /g) (SIR g /yr)

ERG

Final Status Survey Plan

HMC Land Application Areas

Where :
Value used

Parameter Source

SC=
SIR =

soil concentration
soil ingestion rate

DCGL
36.5 g/yr

MU =

mass loading for inhalation

0.0001 g/m 3

Calculated
(RESRAD default)
(RESRAD default)

These calculations assume that the concentration of uranium in ingested or inhaled soil particles is
equivalent to that residing in bulk soil.

Resulting uranium intake pathway estimates are shown in

Table Al-1. These results indicate that chemical toxicity is not a limiting consideration with respect to the
calculated DCGL for radiological dose from uranium in surface or subsurface soils. In other words, the
radiological DCGLs as calculated above for uranium based on the RBD Approach are more conservative .

Table Al-1: Calculated uranium intake estimates based on DCGL values in
comparison to corresponding ATSDR limits.
Intake Toxicity Parameter

Recommended
Limit (ATSDR)

Ingestion Intake (mg/yr)
Inhalation air cone. (µg/m

3

)

Potential Uranium DCGL (pCl/g)
370
192
(surface)
(subsurface)

51 .2

19.9

10.4

8" I 0.4b

0.05

0.03

a) Limit for insoluble forms of uranium
b) Limit for soluble forms of uranium

The above toxicity assessment is Site-specific in that the DCGL values used in the calculations were derived
from a Site-specific receptor/land use exposure scenario . Due to uncertainties inherent in dose modeling,
it is reasonable to consider more conservative generic "Soil Screening Levels" (SSLs) from the U.S.
Environmental Protection Agency (USEPA, 2017) and/or New Mexico Environment Department (NMED,
2017) as preliminary remediation goals (PRGs) based on toxicological health considerations. A uranium
concentration of 16 mg/kg was proposed as soil release criterion for uranium in the 2017 Land Application
Impact Assessment report (Hydro/ERG, 2017) . This soil release criterion is adopted as a conservative and
appropriate standard for U-nat in soil at the Site.

Al.4 Summary of Soil Release Criteria
The final soil decommissioning criteria derived based on the Radium Benchmark Dose Approach as
required by 10 CFR 40, Appendix A, Criterion 6(6), and inclusive of NUREG-1620 specifications regarding
uranium

toxicity,

are

summarized

in Table

Al-2.

These

criteria

represent

the

maximum

above-background concentrations of residual 11.e(2) byproduct radionuclides in soil that will meet NRC
criteria for release of land application areas for unrestricted future use.
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Table Al-2: Final soil release criteria for the Grants Reclamation Project based on regulatory specifications given
in 10 CFR 40, Appendix A.
Soil Decommissioning Criteria for Surface Soils (0-15 cm)
Numeric
Standard

Radionucllde

RBD (mrem/yr)

Ra-226 (pCi/g)

30

-

"

370

Sa
10.8 b, C

"

547

16 b, C

U-nat (oCi/al

d

U-nat (ma/kal

d

Modeled DCGL

Background

Flnal Soll
Release
Criterion

5.5

10.5

-

10.8
16

Soil Decommissioning Criteria for Subsurface Soils(> 15 cm)

Radionuclide

RBD (mrem/yr)

Modeled DCGL

Ra-226 (pCi/g)

18.4

-

"
"

U-nat (pCi/g)
U-nat (mg/kg)
a

d
d

Numeric
Standard

Background

Final Soil
Release
Criterion

5.5

192

15 8
10.8 b, c

-

20.5
10.8

284

16 b, C

-

16

Above the NRG-approved background Ra-226 soil concentration of 5.5 pCi/g.

b Inclusive of the background U-nat concentration in soil.
c Based on toxicolog ical health considerations.
d 0.677

pCi/g per mg/kg assumed fo r activity/mass concentration conversions .
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1. PURPOSE
To provide a method for the operational checkout, or "function check" of a single-channel meter
and detector set to ensure proper working order.

2. DISCUSSION
A radiological survey detector (detector) is used with a compatible radiological survey meter (meter)
to measure radiation in integrated scaler count and/or rate modes. This standard operating procedure
(SOP) is specific to single-channel detectors compatible for use with a meter. In some cases the detector
and meter maybe contained in a single housing. During the operational check-out process (function
check) the detector is also inspected for any physical damage that might affect functionality, such as a
cracked housing. Calibration of any survey detector is required prior to initial use, at least annually,
and after any scheduled or unscheduled maintenance or repair that may affect instrument operation . To
function check a radiological survey detector the Instrument Technician must show proficiency on the
detector, the accompanying meter, and be recognized on their ERG Training Qualification Form as
qualified to perform this procedure.

3. PROCEDURE
3.1

Equipment - The necessary components to function check a radiological survey detector.

3.1.1

Radiological survey detector - Ludlum Model 44-10 detector, Ludlum Model 19, Ludlum
Model 43-5, Ludlum Model 44-9, or similar.

3 .1.2

Calibrated meter - Ludlum Model 12, Ludlum Model 2221, Ludlum Model 2241, or
similar.

3. I .3

Radiological check sources with known activity and emission rate. For typical calibration
of an alpha detector use a thorium 230 (Th-230) source.

For typical beta detector

calibration use a technetium 99 (Tc-99) or strontium-yttrium 90 (Sr/Y-90) source. For
typical function check of a high-energy gamma detector use a cesium 137 (Cs-137) source,
or for low-energy gamma detector such as a FIDLER use an americium 241 (Am-241)
source. Check sources used are dependent upon the goal of the survey. While the sources
listed above are for typical function checks, they are not definitive. NOTE: Select check
sources that will provide a minimum accumulation of I ,000 gross counts during the
counting interval, typically one minute.
3.1.4

Calibration jig; used to ensure consistent detector position relative to check source.

3.1.5

C-cable to connect detector and meter.
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3.1.6

ERG Form ITC.201.A Single-Channel Function Check Log.

3.2

Documentation - A function check log form must be created and maintained for each
individual meter and detector combination. The detector combination should be function
checked, and the function check log form updated, before and after each day of use. The
function check log form must be protected and retained per the ERG Document Retention
Schedule. NOTE: A blank ITC.201.A Single-Channel Function Check Log is included in
this SOP as an attachment.

3.3

Function Check - Below is the general single-channel detector function check process.
Not all meters and detectors have the same features or function check needs. When unsure
check the manufacturer's Technical Manual for confirmation and/or assistance.

3.3 .1

If not already done, fill in the meter, detector, source, and comments information on the

function check log form .
3.3.2

PHYSICAL INSPECTION - Check the meter, detector, and cable for any visible damage.
If damage is present then repair, or tag and remove from service.

3.3.3

TURN ON - Connect the detector and meter using the C-cable, then turn the instrument
power on.

3 .3 .4

BA TT CHECK - Turn the instrument to the BA TT position. Note condition of battery as
indicated by display. If the battery power is marginal (as indicated by the needle below
the BATT OK level on analog meter face, below 4.4 on Ludlum Model 2221, or when
battery indicator appears on Ludlum Model 2241 ), the batteries should be replaced. If
battery power is acceptable then indicate on the function check log form with a check mark
in the Battery Condition box.

3.3 .5

HV CHECK-Toggle the RESET/TEST HV switch or press the HV button and check the
meter high voltage (HV). If the HV is within± 25V of the recommended operating HV as
found on the detector calibration paperwork and calibration sticker then record on the
function check log form . If not then adjust accordingly or tag and remove from service.

3.3.6

BACKGROUND COUNT - Place the detector in proper orientation and position onto a
clean calibration jig. If using a scaler meter begin a count or if using a ratemeter let value
stabilize. Upon completion record the background counts onto the function check log form.
If the results are not in project specific tolerances then readjust the detector to calibration

jig and perform a repeat count. If the second count is also out of tolerances then remove
detector from service and notify/consult with the Project Instrument Manager and/or
Project Manager.
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3.3.7

SOURCE COUNT - Place the source on to calibration jig and place the detector in proper
orientation and position over the source. If using a scaler meter begin a count or if using a
ratemeter let value stabilize. Upon completion record the source counts onto the function
check log form. If the results are not within project specific tolerances then confirm you
are using the correct detector to calibration jig geometry and perform a repeat count. If the
second count is also out of tolerances then remove detector from service until issue can be
resolved, and notify/consult with the Project Instrument Manager and/or Project Manager.

3.3.8

The individual performing the function check should record their initials in the appropriate
box on the function check form upon completion of the function check.

4. REFERENCES
4.1

Manufacturer' s Technical Manuals for the meter and detector being checked. NOTE:
Ludlum Technical manuals are also available on their webpage; http://www.ludlums.com

4.2

ANSI N323A-1997, American National Standard Radiation Protection Instrumentation
Test and Calibration

4.3

ERG Training Qualification Form

5. ATTACHMENTS
5.1

Example Form ITC.20 I .A - Single-Channel Function Check Log
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1. PURPOSE
The purpose of this procedure is to provide a method for performing a gamma radiation survey
using a survey meter and gamma radiation detector coupled to a global positioning system (GPS)
unit.

2. DISCUSSION
A radiation survey is often performed to provide a spatially representative radiological condition
of an area. By combining the radiological survey instruments to a GPS unit the survey data and
associated positions can be logged in electronic format for use in GIS. Depending upon the goals
of the survey and the terrain or the survey area a GPS-based radiological survey may be performed
with the system setup carried by the surveyor (backpack) or setup for use on a vehicle (push cart,
utility terrain vehicle, and truck).
To perform a project related GPS-based radiological survey personnel must be recognized on their
ERG Training Qualification Form as qualified to perform this procedure

3.PROCEDURE
3.1

Equipment- The necessary components to perform a GPS-based radiological survey.

3.1.1

GPS survey system of mapping grade or better (sub-meter accuracy) - Trimble Pro XRT,
Pro XH, Pro XRT, or similar with data logger/controller.

3.1.2

Gamma radiological survey instruments with RS-232 data output - Ludlum Model 2221
ratemeter/scaler or Ludlum Model 4612 counter matched with a Ludlum Model 44-10 (2inch by 2-inch Nal), Model 44-20 (3-inch by 3-inch Nal), .Eield Instrument for Detection
of~ow !;;;nergy Radiation (FIDLER) detector, or similar radiation detector.

1.1. 1

Radiological check source - For typical function check of a high-energy gamma detector
use a cesium 130 (Cs-130) source, or for low-energy gamma detector such as a FIDLER
use an americium 241 (Am-241) source. Check sources used are dependent upon the goal
of the survey. While the sources listed above are for typical function checks, they are not
required to be NIST traceable. NOTE: Select check sources that will provide a minimum
accumulation of 5,000 gross counts during the counting interval , typically one minute.

3.1.3

All appropriate cables, including GPS antenna cable as necessary, RS-232 cable from
meter to GPS data logger, C-cables from meter to detector, and others as necessary.

ERG PWT.105 Rev. 0

Performing a GPS-Based Gamma Radiation Survey
Controlled copy located at https://ergoffice.sharepoint.com/QNDocumentsfTechni cal SOP

Page I of 4

UNCONTROLLED COPY IF PRINTED
3.1.4

Detector rack to hold multiple detectors at set height above ground surface, as necessary
when performing a push cart, UTV, or truck survey.

3.2

Setup - Setup the survey system hardware by assembling the GPS backpack or detector
rack (push cart, UTV, and truck), as appropriate. Connect cabling between GPS units,
antennas, ratemeter/scaler/counters, detectors, and data loggers or controller, as necessary.
Use sufficient cabling such that it will be safe and secure from damage or unintended
disconnection. If performing a vehicle survey, mount rack to vehicle and attach detectors
to rack. The GPS data loggers or controllers are typically setup to record the external
sensor (ratemeter/scaler/counter) output with associated position every one second.

3.3

Function Check- Perform function check of the radiological survey instrument(s) per
ERG SOP ITC.201 Operational Checkout of Single-Channel Detector with Meter or
ITC.204 Operational Checkout of a Single-Channel Detector Array with Ludlum Model
4612, whichever is applicable, before and after each day of use.

3.4

Survey-

3.4.1

SURVEY FILE NAME - Open a new survey file and give it a unique file name indicative
of the survey. The file name could include the survey date and/or time, the surveyor initials,
and/or the site name. NOTE: The default Trimble Terrasync namingformat is RmmddhhA;
where a file name begins with the letter R (rover),followed by the date and hour, and ends
with a letter signifying the order the file was created within the hour (A: first, B: second,
etc.). With multiple dataloggers being used the surveyor should add their initials and/or a
description (RIL; right/left, 1: first, etc.) to the end ofthe file.

3.4.2

WHEN SURVEYING 3.4.2.1 Turn the ratemeter/scaler/counter on prior to beginning a survey file. NOTE: the
unit is not turned on prior to opening a survey file the initial recorded gamma count
rate records will be low.
3.4.2.2 Begin and end a survey data file at a point/location where it is desirable to collect
data. Do not start a survey file when in close proximity to the function check
source.
3.4.2.3 If pausing movement during the survey for a period of time greater than 30
seconds, then pause the data collection. Remember to resume data collection upon
resuming the survey.
3 .4.2.4 Close.the survey file upon completion of the survey. If taking a break create a
new survey file upon resuming the survey.
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3.4.3

SURVEY DESIGN - Perform the survey by either walking (backpack), pushing (push
cart), or driving (UTV or truck) the survey equipment following the survey design ,
typically provided in a work plan. The survey design is dependent upon the goal of the
survey and the equipment being used to conduct the survey and should take into account
the radiation detector type and model choice, survey scan speed, detector spacing, and
height of detector above ground during the survey. Some of these design parameters may
be dependent upon the survey area terrain.
3.4.3.1 DETECTOR - Choose a detector that is appropriate to meet the goals and/or
requirements of the survey. For middle to high-energy gamma emitting radiation
it is common to use the Model 44-10, Model 44-20, or similar detector. For lowenergy emitting radiation a FIDLER detector may be more suitable. If surveying
in an area where gamma shine is an issue then use of a detector shield may be
appropriate. The project work plan will typically prescribe the detector type to be
used.
3.4.3.2 SURVEY SCAN SPEED- Use the designed survey scan speed or choose a survey
scan speed range that is appropriate to meet the goals and/or requirements of the
survey. A survey scan speed that is too fast may not allow for a detector to
physically be present over a localized area of elevated gamma count rates long
enough to adequately represent the conditions.

For an area believed to have

homogenous gamma count rates a slower survey scan speed may be unnecessary
and inefficient. The project work plan will typically prescribe the survey scan
speed.
3.4.3.3 DETECTOR SPACING - Attempt to adequately cover the survey area with an
appropriate detector spacing to meet the goals and/or requirements of the survey.
If surveying over an area known to have homogenous gamma count rates then a
wider/farther apart detector spacing may be appropriate. When surveying over an
area where radiological conditions are unknown, or known to have small localized
areas of elevated readings, then a tighter/closer detector spacing may be called for
to better define extents.

A combination of detector spacing may also be

appropriate; tighter detector spacing in areas of elevated readings and wider
spacing in areas of homogenous readings. The project work plan will typically
prescribe the detector spacing.
3.4.3.4 DETECTOR HEIGHT - The detector height above ground should be chosen to
meet the goals and/or requirements of the survey. Attempt to maintain the same
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detector height throughout the survey.

The project work plan will typically

prescribe the detector height.

3.5

Data Processing and Review - Upon completion of a GPS-based radiological survey
download the data from the datalogger(s) or controller and convert into usable format,
typically a GIS shapefile format. Visually inspect the processed data for possible errors
and/or missing data. Resurvey areas where data is unexplainably missing, corrupt, or there
is reason to believe the results are in error.

4. REFERENCES
4.1

ERG Training Qualification Form

5.

ATTACHMENTS

None

ERG PWT.105 Rev. 0

Performing a GPS-Based Gamma Radiation Survey
Controlled copy located at https ://ergoffice.sharepoint.com/QA/Oocuments/Technical SOP

Page 4 of 4

CVCO,\TROLLED COPY IF PRINTED

ERG
Environmenta l Re toration Croup, Inc.

PWT.106 Rev. 0
Making Exposure Rate Mea urements Using a
High Pressure Ionization Chamber (HPIC)

Standard Operating Procedure
pp rova l

b/-,erations Manager

Date

Qualify Assurance Manager

RE I IO

I

I Revision

I

Number
0

I

Description of

I

I
I
I

I

I

I

Initia l Relca e

Date

LOG
hange

Pages
Affected
All

UNCONTROLLED COPY IF PRINTED

I.PURPOSE
The purpose of this procedure is to provide a method for making exposure rate measurement using
the GE-Energy Model RSS-131 High Pressure Ionization Chamber (HPIC), or similar.

2. DISCUSSION
NOTE: For shipping purposes the GE-Energy Model RSS-131 HPIC is considered Dangerous
Goods, and must be shipped as such (see ERG Standard Operating Procedure EQR.101 Shipping
ofHazardous Materials). An HPIC is a highly sensitive and stable detector for measuring gamma
radiation exposure rates in air, in the unit milliroentgen per hour (mR/hr). These measurements are
often made for comparison to, and/or correlation with, other gamma radiation detectors such as the
Ludlum Model 44-10 or Model 44-20 gamma scintillators.
To make project related exposure rate measurements using an HPIC personnel must be recognized
on their ERG Training Qualification Form as qualified to perform this procedure

3.PROCEDURE
3.1

Equipment - The necessary components to make exposure rate measurements using the
GE-Energy Model RSS-131 HPIC.

3.1.1

A calibrated GE-Energy Model RSS-131 HPIC, or similar. NOTE: fully charge battery.

3.1.2

Tripod.

3 .1.3

Computer with Model RSS-131 software installed to communicate with HPIC.

3.1.4

Cables, including USB to RS-232 cable, and others as necessary.

3.2

Communication and Setup - This is an initial one-time step. After setting this up on
the computer it will not be necessary to perform again.

3.2.1

COMMUNICATION -

3.2.1.1

Load the Model RSS-131 software on to the computer to be used with HPIC.

3.2.1.2

Connect the round 8-pin connector to COM2 on HPIC, and connect the 9-pin serial
connector to COM 1 on computer. NOTE: A Serial to USB adaptor may be necessary
to make this connection since many computers have no serial port. lt may be
necessary to setup the Serial to USB adaptor as COM] in the computer 's Device
Manager.

3.2.1.3

Power on the HPIC using the ON/OFF toggle switch.

3 .2.1.4

Open the Model RSS-131 Configuration Utility on the computer.
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3 .2.1 .5

To change COM port settings select the PC menu, then the Serial Config ... option
to open up the Serial Setup window. One the left side of the Serial Setup window
is the PC COM Port options; choose COM 1. On the right side of the Serial Setup
window is the RSS-131 COM Port Options; choose COM4. The PC Baud rate
should be 9600 and PC Parity should be None.

3.2.1.6

When done with these settings click the OK button. Refer to the GE-Energy Model
RSS-131 User' s Manual for additional communication information.

3.2.2

GENERAL SETTINGS - To change the HPIC general use settings select the

Configuration menu, then the General. .. option. The general use settings should be Time
Format equal to mm/dd/yy, and Radiation Label equal to mR/hr.
3.2.3

SENSOR CONFIGURATION - If there is a need to adjust the recording interval of the
HPIC measurements then select the Configuration menu, then the Sensors option to open
up the Sensor Configuration window. In the Sensor Configuration window select the

HPIC tab and input the desired interval in the Recording interval (sec) box. NOTE: The
Sensor Configuration window is where the user may confirm that the Conversion factor set
matches the unit's calibration sheet.

3.3

Operation - The HPIC will log readings when powered on, regardless of being connected
to a computer or not. You may power the detector on/off as needed between locations.

3.3.1

MAKE MEASUREMENT- Power on the HPIC using the ON/OFF toggle switch. NOTE:
When the HPIC is powered on the exposure rate readings will spike. After approximately
one minute the exposure rate readings will stabilize. The HPIC will continue to log
exposure rate readings according to the logging settings as set in the Sensor Configuration.
The proj ect work plan may prescribe the measurement duration and/or logging interval,
but if not then 5-minutes per location and an interval of 6-seconds is typically acceptable.

At each location where an HPIC measurement is made record the date, collection time,
approximate measurement duration, and comments (any other pertinent information) on
Form PWT.106.A HPIC Measurement Log, included in this SOP as an attachment. When
finished with making the measurement power off the HPIC.
3 .3 .2

VIEWING DAT A IN REAL TIME - If the user chooses to view exposure rate readings in
real time this may be done through the RSS-131 Configuration Utility application. Select
the Online menu, then the Sensor Data ... option. The exposure rate in units of mR/hr will
be displayed next to HPIC in the Sensor Values window. Another option for viewing data
in real time is to select the Online menu, then the Current Data ... option to open up the

Current Data window. When the Current Data window opens choose the HPIC in the
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Sensor drop down box and click the Get Data button. NOTE: The exposure rate in mR/hr

will be updated at the interval set in the Sensor Configuration.
3.3.3

DOWNLOAD DATA - Upon completion of making measurements the data may be
downloaded to the computer. From the Online menu select Upload Sensor Data ... Option
to open the Upload window. In the Upload window enter the Start - Date and Time, and
the End-Date and Time in mm/dd/yyyy and hh:mm format. Do this for the period of data
to be saved, and then click the OK button. A Save As dialog window will open allowing
the user to navigate to the location where the file is to be saved. Click on the Save button
to save the file.

4. REFERENCES
4.1

GE-Energy Model RSS-131 User's Manual

4.2

ERG Training Qualification Form

4.3

ERG Standard Operating Procedure EQR.101 Shipping of Hazardous Materials

5.

ATTACHMENTS

5.1

Blank Form PWT. l 06.A - HPIC Measurement Log
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• Name(s) of personnel making HPIC measurements:

• Project:
• Date:

• HPIC Serial Number:

• Weather/Field Conditions:

• HPIC Calibration Date:

Number

Location

Time
(24:00)

Duration
(minutes)

Comments

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
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1. PURPOSE
The purpose of this procedure is to provide a method for collection of soil samples suitable for
radionuclide and/or heavy metal analyses.

2. DISCUSSION
Soil samples are used to assess the distribution and intensity of constituent(s) of concern (COC) for a
wide variety of applications ranging from characteriz.ation of project areas and undisturbed areas to
verification that remediation goals have been attained. Soil samples may be collected at discrete or
random locations to assess the impacts of unplanned releases, spills, or other contamination events; or
at systematic locations on a routine frequency. The analytical requirements placed on soil samples
depend on the type of sample and the desired reporting radiological, chemical, and geochemical
characteristics. This information is typically described in a project sampling plan.
Surface soil samples are defined as samples from an interval of ground surface to a depth of 15
centimeters (cm) below ground surface (BGS). Shallow subsurface samples are defined as samples
from an interval ranging from 15 cm BGS to 1.5 meter (m) BGS. Hand sampling methods are
typically adequate to sample surface and shallow subsurface intervals. Samples taken below 1.5 m
(- 5 feet) BGS typically require mechanized methods of soil collection; including mechanized
direct-push technology, motorized augers, and drill rigs.
To collect project related soil samples for laboratory analysis personnel must be recognized on their
ERG Training Qualification Form as qualified to perform this procedure

3. PROCEDURE
3.1 Equipment - The necessary equipment and supplies to collect soil sample(s) per this
procedure.
3.1.1

Sampler - Various sampler technologies are listed below:
•

Surface: shovel, hand trowel, or soil core sampler

•

Shallow Subsurface: soil auger or direct-push with slide-hammer

•

Subsurface: mechanized direct-push, drill rig, or motorized auger

3.1.2

Sample container

3.1.3

Bucket and mixing trowel

3.1.4

Screwdriver, or other method of removing soil from sampler
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3.2

Procedure-

3.2.1

Clear debris, loose brush, and any excess vegetation or rock from sample locations.

3.2.2

If making a radiological measurement of the sample location, do so prior to collecting soil

sample and record on Form PWT.108.A - Soil Sample Collection Log, or in the sampler's
field log book. Form PWT.108.A- Soil Sample Collection Log is included in this procedure
as an attachment. NOTE: If making down-hole gamma measurement then take care to not
knock any surface or side-wall soils into hole.

3 .2.3

Using a decontaminated sampler collect the soil sample to the prescribed depth for the sample.
If sampler encounters refusal (i.e.: cannot advance sampler to full sample depth) then adjust

the sample location to another location as near as practical to achieve successful sample
collection. If a sample cannot be collected at the location then note · "Refusal" on Form
PWT.108.A.

3.2.4

Make sure the sample provided is equally representative of the range of depth. If multiple soil
samples are collected from the same location and depth interval to achieve sufficient sample
mass for analysis then either submit all of the collected soil for analysis, or using a mixing
bucket or bowl homogenize the collected soil into a single representative sample of sufficient
mass for laboratory analysis.

3.2.5

Place the sample into a properly labeled and decontaminated sample container and record
sample collection information on Form PWT.108.A. At a minimum the label information
should include the sample location or sample number, sample depth, date and time, and
sampler(s) name or initials.

3.2.6

Prior to collecting any additional samples or leaving a sample location sufficiently
decontaminate the sampling and mixing equipment. If using rinse water to decontaminate
equipment, release rinse water to the ground unless the work plan or project manager
specifies that it be retained.

3.2.7

Repeat steps above as necessary to collect all samples and depths at a location. NOTE:

If

collecting soil sample(s) at greater depths take care not to knock any surface or side-wall
soils into hole.

3.2.8

Prior to leaving the sample location record position using GPS or pin flags, and close off the
sample opening(s) with excess sample material and/or surrounding materials.

4. REFERENCES
4.1

ERG Training Qualification Form
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5.

ATTACHMENTS

5.1

Blank Form PWT.108.A - Soil Sample Collection Log
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• Name(s) of personnel collecting soil samples:

• Project:
• Date:

• Survey lnstrument(s) with Serial Number(s):

• Weather/Field Conditions:

• Calibration Due Date(s):

Number

Sample ID

Depth
(cm)

Gamma Reading
(cpm) (JaR/br)

Time

GPS Position

(24:00)

Recorded

.!!

Comments

:i
.s

I

2
3
4
5
6
7

8
9

10
II

12
13
14
15
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1. PURPOSE
The purpose of this procedure is to provide a method for developing a correlation between gammaradiation survey data and exposure rate and/or radionuclide-in-soil concentration.

2. DISCUSSION
This procedure provides information on creating correlations from surveys performed with ERG
GPS-based gamma-radiation survey systems.

The data from the gamma-radiation surveys is

correlated to exposure rate measured by either a high pressure ion chamber (HPIC), Ludlum Model
19 MicroR meter, Thermo MicroREM meter, or similar instrument.

The gamma-radiation may

also be correlated to soil concentration for a gamma emitting radionuclide or decay product such
as Ra-226 and Th-232. Regardless of what correlation is being performed, gamma counts to
exposure rate or soil concentration, the method is similar. Correlation locations should be chosen
that (a) have homogenous gamma count rates over the immediate area, and (b) represent the range
of gamma count rates of the overall survey, site, or range of interest. At each correlation location
the gamma counts are recorded, an exposure measurement is made and/or a soil sample is collected.
An XY plot of the gamma survey count rate data can then be created and a regression analysis
performed to develop an equation correlating gamma-radiation values to the measurement in
question.
To perform a project related GPS-based radiological survey, personnel must be recognized on their
ERG Training Qualification Form as qualified to perform this procedure

3. PROCEDURE
3.1

Equipment - The components necessary to make measurements and collect samples
necessary to develop the desired correlation.

3.1.1

Gamma radiological survey instruments- Ludlum Model 2221 ratemeter/scaler or Ludlum
Model 4612 counter matched with a Ludlum Model 44-10 (2-inch by 2-inch Nal), Model
44-20 (3-inch by 3-inch Nal), .Eield Instrument for .Qetection of Low gnergy .Radiation
(FIDLER) detector, or similar radiation detector.

3.1.2

Gamma exposure rate survey instruments - High pressure ionization chamber (HPIC),
Ludlum Model 19 MicroR meter, Thermo MicroREM meter, or similar exposure rate
meter.

3.1.3

Soil sampling equipment.
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3 .1.4

Field notebook or appropriate forms .

3.2

Initial Planning -

3.2. l

If existing survey data exists or site radiological condition is known, select correlation
study areas that represent the desired range of gamma counts. The number of study areas
are typically provided in a work plan, but five or more areas are usually sufficient, given
the site(s) conditions are straight forward .

3.2.2

Select study areas that have homogenous gamma counts and exhibit minimal gamma shine.
Each area should be large enough that a few steps in any direction will not significantly
affect the gamma count range.

3.2.3

In the correlation planning stage determine the following for the gamma count
measurement:
3.2.3.l SINGLE POINT or MULTI-POINT COMPOSITE - Each study area could be
made up of single point locations, or consist of multiple points in close proximity
to each other (such as a five-point or nine-point pattern) representing an area of
homogeneous gamma count rates.
3.2.3.2 SCALER or RA TEMETER - Will the gamma count measurement be a scaler
count or an average of ratemeter measurements?
3.2.3.3 POINT or AREA - Will the gamma count measurement be made over a single
point location, multiple point locations, or made while walking around an area of
set dimensions?
3.2.3.4 DETECTOR HEIGHT - The detector height used should be consistent with the
detector height used in the gamma survey whose data is being correlated.

3.3

Making Gamma-Radiation Measurements -

3.3. l

Use a gamma survey meter and detector closely matched to the instrument(s) to be used in
the gamma survey whose data is being correlated.

3.3.2

Check that the gamma survey meter and detector are in calibration and they have been
function checked prior to use, per ERG SOP ITC.20 l Operational Checkout of SingleChannel Detector with Meter.

3.3.3

If making single-point or multi-point scaler measurement(s) at each study area then
perform the gamma measurement(s) and record result on Form PWT.109.A Correlation
Data Log, included in the SOP as an attachment. NOTE: Make measurement at the center

point of the study area. If collecting a scaler measurement or ratemeter data over the
entirety of each study area then coverage should be uniform. NOTE: Ratemeter data is

typically collected when performing GPS-based gamma surveys. If collecting gamma
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counts using a GPS-based survey system then post-survey calculate the average ratemeter
value for the study area and record on Form PWT.109.A. Perform this step at each study
area location.

3.4

Making Exposure Rate Measurements - Using an HPIC, Ludlum Model 19 MicroR
meter, Thermo MicroREM meter, or other exposure rate meter make a measurement onemeter above the ground surface at the center of each study area. If using an HPIC then
operate per ERG SOP PWT. l 06 Making Exposure rate measurements Using a High
Pressure Ionization Chamber (HPIC) and post-survey calculate the average exposure rate
for the study area and record on Form PWT.109.A Correlation Data Log. If using a
handheld exposure meter then after meter stabilizes record the exposure rate on Form
PWT. l 09.A Correlation Data Log. Record the measurement location for each study area
using a GPS survey unit. Perform this step at each study area location. NOTE: This section

only applicable if correlating gamma counts to exposure rates.

3.5

Collecting Soil Samples - Collect a surface soil sample or a composite of surface soil
samples at each study area, per ERG SOP PWT. l 08 Soil Sampling for Analytical Purposes.
Surface soil samples are defined as samples from an interval of ground surface to a depth
of 15 centimeters (cm) below ground surface (BGS). Perform this step at each study area
location. Submit soil samples to a laboratory for appropriate analysis of radionuclide to be
used in correlation. Upon receipt oflaboratory analytical results record the results on Form
PWT. l 09.A Correlation Data Log. NOTE: This section only applicable if correlating

gamma counts to radionuclide-in-soil concentrations.

3.6

Regression Analysis - Enter the data from Form PWT.109.A Correlation Data Log into
a spreadsheet or statistical software package. Plot the data as an XY scatter plot with the
gamma count data along the X-axis, and the exposure rate or radionuclide-in-soil
concentration along the Y-axis. Add a trend line and its equation to the scatter plot. This
equation is the relationship between the gamma counts and the exposure rate or
radionuclide-in-soil which can be used to predict values over the range of the gammaradiation counts measured during the correlation study.

4.REFERENCES
4.1

ERG Training Qualification Form
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5.

ATTACHMENTS

5.1

Blank Form PWT.109.A - Correlation Data Log
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ERG Correlation Data Log
• Name(s) of personnel performing correlation :

Project:
Date:

• Gamma Survey lnstrument(s) with Serial Number(s) :

• Weather/Field Conditions:

• Cal ibration Due Date(s):
• Exposure Rate lnstrument(s) with Serial Number(s):

• Lab Analyses:

• Calibration Due Date(s):

Study Area Location ID

Time
(24:00)

Gamma
Reading
(cpm)

Exposure
Rate
(pR/hour)

Soil
Concentntion
(pCi/g)

Comments
(gamma detector height, scaler/ratemeter, single
point/composite, fixed-point/uniform coverage,
discussion on survev location e:amma shine etc.'

ft,:,

.!!

i

.:I

I
2
3
4

5
6
7

8
9
10

II
12

Review: - - - - - - - - -- - - -- - - - - - - - -
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