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INTRODUCTION

The Rio Algom Mining LLC (RAM) Ambrosia Lake facility is located in the southeastern part of

McKinley County, New Mexico approximately 25 miles north of Grants, New Mexico on Route

509 (Fig. 1). Historically, the Ambrosia Lake mining district contained numerous mining

companies, two uranium recovery mills and over 20 mines.

The portion of the Rio Algom property known as Section 4 is located east of Route 509

approximately 1 mile southeast of the mill site (Fig. 2). Construction of the Section 4

evaporation ponds, numbers 11 - 21, commenced in 1976 and was completed in 1979. The

ponds were used to evaporate liquid wastes generated by RAM's uranium processing plant. The

ponds remained in active service until April 2004 (KOMEX 2006). Liquid mill effluents contained

natural uranium, thorium-230, and radium- 226. The pond sediments were relocated to the main

tailings disposal area, beginning in the fall of 2004.

Rio Algom Mining (RAM) submitted a Soil Decommissioning Plan (the Plan) for the Ambrosia

Lake facility (Komex 2006) that was approved by the Nuclear Regulatory Commission (NRC).

Among other requirements, the plan described the Section 4 ponds as being "areas of possible

deeper contamination that currently lack adequate characterization data." These areas are

subject to the provisions and methods outlined in the plan. However, the Plan states that
"clean up levels and compliance criteria cannot be finalized until further soil characterization and

dose modeling (for [alternative remediation criteria], ARC) can be completed." Consequently

RAM requested that Two Lines, Inc. (TLI) conduct reviews, data analysis and dose modeling

associated with Section 4 decommissioning.

This report includes an analysis of Section 4 soils data, a review of confirmatory sampling

conducted by Oak Ridge Institute for Science and Energy (ORISE) and modeling to estimate

potential dose to a resident, given unrestricted release of the site. Heavy metal data from

Section 4 were analyzed with regard to remediation guidelines and New Mexico ground water

standards. An ALARA analysis of potential additional remedial actions is also included.

Two Lines, Inc. December, 2010 I
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Figure 2. Aerial photo of Section 4 Pond Area during reclamation (from ORISE 2010).
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COMMENTS ON SOIL DECOMMISSIONING PLAN

The RAM Soil Decommissioning Plan (Komax 2006) is generally clear and its logic can be

followed without a great deal of effort. The plan establishes background levels for the

radionuclides of concern: U-238, U-nat, Th-230 and Ra-226. A Ra-226 benchmark dose was

calculated to be 18 mrem/yr using the RESRAD computer code (Yu et al. 2001). The Plan

establishes soil clean up levels of 35 pCi/g, 14 pCi/g and 5 pCi/g above background,

respectively for U-nat, Th-230 and Ra-226. The U-nat clean up level was based on the NMSS:

Policy and Guidance Directive, FC 83-23 (NRC, 1983). The 14 pCi/g Th-230 criterion is derived

from in-growth of Ra-226 to 5 pCi/g in 1000 years. The Ra-226 criterion is from 10 CFR 40

Appendix A Criterion 6(6).

Natural background for the area was established to be 1.65 pCi/g, 2.69 pCi/g and 1.95 pCi/g,

respectively for U-238, Th-230, Ra-226 (Table 3-1, Komex 2006). The background

concentration of U-nat was calculated to be 3.99 pCi/g

The plan's use of gamma exposure rate, correlated with Ra-226 concentrations, to guide

cleanup is a matter of concern. There are many examples of this method being used very

effectively at sites where Ra-226 is the primary radionuclide of concern. A possible confounding

factor at the Ambrosia Lake site is presence of elevated levels of Th-230, which leaves the

possibility that Ra-226 will be adequately removed based on gamma exposure rates, but the

residual Th-230 may be present at concentrations that will ultimately result in in-growth of Ra-

226 to concentrations exceeding 5 pCi/g. Gamma emissions from Th-230, predominantly an

alpha emitter with only very weak and infrequent gamma emissions, are very difficult to detect in

the field.

There are several instances (see Table 2-7 of KOMEX 2006) in which Th-230 appears at depth

rather than on the surface. A gamma scan would not have detected either the Th-230 or the

Ra-226 at a depth of two feet. For the short term, such lenses would not represent potential

dose to the receptor. However, the Th-230 will ultimately decay into Ra-226. This potential

source is considered in the dose assessment presented later and does not result in doses that

exceed the standard for the receptor.

Two Lines, Inc. December, 2010 4
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Section 5.1 of the plan contains a description of the application of the unity rule. As mentioned

in Appendix A regarding the ORISE confirmatory report, the procedure described is not the most

appropriate use of the sum of fractions. The background should be subtracted from the soil

concentration and the net compared to the net criterion (i.e., 35, 14, and 5 for U-nat, Th-230,

and Ra-226. The procedure described in the plan would result in Ra-226 contributing to the

unity equation even when the concentrations are at or below background.

A series of soil samples were collected from Section 4 following pond remedial action. A total of

over 600 surface samples were taken and analyzed at RAM for Ra-226 and Th-230. Ten

percent (10 %) of those samples were sent to GEL Laboratories for analysis for Ra-226, Th-230

and U-238. The U-nat concentration was calculated from the U-238 concentration using known

ratios of U-234 and U-235 to U-238.

Data from GEL laboratories were used to calculate the unity value, or sum of ratios, as shown in

Table 1. For 0-6" soils, the sum of ratios exceeded unity with Th-230 being the predominant

radionuclide. The average Ra-226 concentration in surface soils is below the assumed

background value of 2.0 pCi/g. Samples taken in the 6-12" depth showed much lower

concentrations of all three radionuclides, with Th-230 showing the most pronounced reduction.

The sum of ratios for this depth was well below unity.

Table 1. Summary of Mean Surface Soil Data - Background Included.

Mean Concentrations (/l)
Ra- Calc'd

Depth Th-230 226 U-238 Unat SOR N
0-6" 17.51 1.11 2.41 4.94 1.27 60

6-12" 5.14 0.82 2.00 4.09 0.48 41

If background values are subtracted prior to calculation of the sum of ratios, the value for the top

6" (15 cm) drops to below unity. This is due to the arithmetic anomaly that background for Ra-

226 is a negative number and has a reducing effect on the sum of ratios. Assuming that the Ra-

226 concentration is equivalent to background, would increase the sum of ratios to 1.08

(14.84/14 + 0.76/35). It is clear that Th-230 is the lone significant contributor to potential dose.

Two Lines, Inc. December, 2010 5
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Table 2. Summary of Mean Surface Soil Data - Background Subtracted.

Mean Concentrations (pCilg)

Calc'd
Depth Th-230 Ra-226 U-238 Unat SOR N

0-6" 14.82 -0.84 0.76 1.56 0.93 60
6-12" 2.45 -1.13 0.35 0.71 -0.03 30

For each of the 11 ponds in Section 4, three bore holes were sampled at varying depths up to

12'. Those data are shown in Table 2. As expected Th-230 showed the highest concentration

in the top 12" (30 cm), but the mean was below the 17 pCi/g action level and the sum of ratios

was below unity. Likewise, in every other core flight, the sum of ratios was also below unity.

This result indicates that it is unlikely that additional remedial action on the Section 4 ponds is

required.

Table 3. Summary of Mean Soil Core Data - Background Included.

Mean concentrations toCi/ol
. . . . . . . .co c n rto s -"

Calc'd
Core Th-230 Ra-226 U-238 Unat SOR N

1 (0-1') 11.74 0.95 1.72 3.52 0.94 33
2 1.52 0.82 1.53 3.12 0.29 32
3 1.29 0.77 1.36 2.78 0.26 32
4 1.11 0.81 1.35 2.76 0.26 27
5 1.16 0.70 1.13 2.30 0.23 23
6 1.09 0.82 1.57 3.20 0.27 15
7 1.16 0.75 1.16 2.38 0.24 13

Two Lines, Inc. December, 2010 6
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ORISE CONFIRMATORY SAMPLING REPORT

The ORISE report of confirmatory sampling in Section 4 was reviewed. The complete review is

in included in Appendix A. The review found that the ORISE survey employed accepted

statistical methods for selection of sampling locations. The measured radionuclide

concentrations in surface materials are consistent with previous surface soil concentration

measurements in the Section 4 Ponds. The unity rule requires that the sum of the concentration

of each contaminant divided by the respective guideline be less than one. This is often called

the Sum of Ratios (SOR). The SOR as calculated by ORISE exceeded 1.0 for Survey Area 1

(Ponds 11, 12, 13, and 14) and Survey Area 3 (Ponds 18, 19, and 20). The SOR for Survey

Area 2 (Ponds 15, 16, 17, and 21) is less than 1.0. The average ORISE-calculated SOR

exceeds 1.0. Therefore, based on the previously approved method of determining compliance

with the release criteria, ORISE concluded that the Section 4 Ponds require further investigation
"and possible remediation" in order to meet the release limits. The same conclusion would be

reached using the RAM data as well.

However, it is important to note that if background values of the three constituents are

accounted for and the sum of ratio is calculated using only net-of-background values, the SOR

for all of section 4 is slightly less than 1.0 (Table A-2). In all cases, the Th-230 concentration

drives the SOR. Radium-226 concentrations are consistent with background. The U-nat

concentrations do not significantly impact the SOR.

While the ORISE conclusions are defensible, there are several concerns with the methodology

used. The report did not discuss how the initial number of measurement grids was established

other than to note that it was determined using the Visual Sample Plan computer code (Matzke

2007). There was no discussion of how the reduction from 90 measurement plots to 54 plots

and soil samples from 30 to 18 would affect the precision of the results.

The reduction in the number of samples necessary using the RSS methodology compared to

random sampling depends on a screening mechanism that is related to the constituent of

concern. The constituent of primary concern for this Section 4 Ponds is Th-230 as it drives the

SOR. Radium-226 does not significantly affect the SOR. Gamma measurements on the 54

defined grids were used as an indicator of the potential for elevated soil concentrations;

however, the gamma measurements were applicable only to Ra-226 concentrations not Th-230.

TwoLines, Ic. December, 2010 7
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The ratio of Ra-226 to Th-230 is not constant and varies significantly with individual

measurements within survey areas and between survey area averages. The differences appear

to be random not systematic so it is not clear that the use of gamma measurements to define

the soil sample locations had the potential to bias the result. The RSS guidance states that if

the indicator used to determine low/medium/high within the sets of plots is not well correlated

with the constituent of primary interest (Th-230), the advantage to be gained by using RSS

rather than random sampling is invalidated.

In summary, it is not surprising that the unity rule is driven by Th-230, since the sampling

indicator, gamma exposure is not well correlated with Th-230 concentration in soil. It is

important to reiterate that if background is removed from the sum of ratios calculation, the

ORISE conclusion that material still needs to be removed from Section 4 is questionable.

TwoLines, Ic. December, 2010 8
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RADIOLOGICAL DOSE ASSESSMENT

A dose assessment using RESRAD (Yu 2001) was conducted to assess the likelihood of

significant doses to a receptor on the former Section 4 ponds. The complete assessment report

is included as Appendix B. In keeping with dose assessments described in the Soil

Decommissioning Plan (Komex, 2006), the residential rancher scenario was chosen.

METHODS AND PARAMETERS

Unless site-specific data were available, all parameters were as used for other modeled areas

at RAM (Komex 2006). The contaminated region was set equivalent to the area encompassed

by Section 4. Soils samples from Section 4 were analyzed and categorized into surface or

subsurface. Three contaminated zones were used, as defined by soil samples collected by

RAM. The length parallel to aquifer flow was set equal to the diameter of the contaminated

zone.

RESULTS
Doses were modeled using net soil concentrations and using concentrations that include

background. As shown in Table 4, for year 0, the year with the maximum dose, receptor doses

were 0.73 mrem/yr when background was subtracted. If background was included, the

maximum dose was 5.90 mrem, also in year 0. By far the largest fraction of this dose. 4.93

mrem/yr, comes from surface contamination (0-15 cm). The 15 - 30 cm layer contributes

approximately 16% of the total dose in the first year. In all cases, doses were well below the 25

mrem/yr decommissioning standard (10 CFR 20.1402).

No soil layer deeper than 30 cm had radionuclide concentrations above background. Only Th-

230 concentrations are significantly above background in the surface and sub-surface layers.

The maximum dose for the deepest layer modeled (30 cm - 2.1 m) occurred at t = 300 years

and was 9.7E-01 mrem (see Table B-8).

Table 4. Maximum dose to receptor from all pathways for various contamination layers.

I IReceptor dose (mrem/yr)
Net of background Including background

Surface (0-15 cm) 7.17E-01 4.93E+00
Subsurface (15 - 30 cm) 1.03E-03 8.94E-01
Subsurface (30 cm - 2.1 m) 7.50E-02

Two Lines. Inc. December, 2010 9
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ITotal I7.27E-01 I5.90E+00

The fraction of the total dose for concentrations exceeding background are shown in Table 5.

At time = 0 yr, the largest fraction (86%) of the receptor dose from above-background surface

contamination results from inhalation and ingestion of soil. These values decrease to less than

20% in year 30. Modeled doses from direct exposure to residual radioactive materials on the

ground result in as much as 64% of the total in year 100. In year 300, most of the dose is

estimated to come from ingestion of plant and meat material. These results are indicative of

loss of the cover material and the fact that no contamination exists below 30 cm at that time in

the future. Similar fractions were also calculated for concentrations including background (see

Table B-10).

Table 5. Fraction of the total dose from a given pathway.

Fraction of Total Dose From Given Pathway
Ground Plant Meat Soil

t = direct Inhalation ingestion Ingestion Ingestion Total
0 0.07 0.60 0.07 0.00 0.26 1.00
3 0.16 0.54 0.08 0.00 0.23 1.00
10 0.42 0.34 0.09 0.00 0.15 1.00
30 0.44 0.11 0.37 0.01 0.06 1.00
100 0.64 0.00 0.29 0.01 0.06 1.00
300 0.00 0.00 0.57 0.43 0.00 1.00
1000 NA NA NA NA NA NA

CONCLUSIONS

Potential dose to a hypothetical rancher inhabiting the former pond area of Section 4 was

calculated using the RESRAD model. Unless specific data were available, parameters used in

earlier dose assessments (KOMEX 2006) were also used in this assessment. Site-specific

data available included concentrations of the natural uranium decay chain in soil for surface and

subsurface samples.

Doses were modeled for soil concentrations exceeding background and including background.

For the modeled scenario, in both instances, calculated doses were far below the 25 mrem/yr

cleanup criteria for unrestricted use after site decommissioning, with a maximum of 0.73

mrem/yr if background concentrations are subtracted. External doses from contaminated

ground surface dominate the total dose if background is included, which is not surprising

considering the lack of water dependent pathways.

Two Lines, Inc. December, 2010 10
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HEAVY METALS RISK ANALYSIS

Following remedial action of the Section 4 ponds, samples were collected for radionuclides and

heavy metals analyses. In December 2009, a total of four samples were collected from each of

11 ponds and from 14 other visibly discolored areas, known as "white spots." The resultant

data were analyzed and compared to preliminary remediation goals (PRGs) for residential soil.

A complete report of the heavy metal analysis is included as Appendix C of this report.

Arsenic is the only heavy metal for which there is both a cancer and a non-cancer endpoint for

inhalation and ingestion of contaminated soils. For inhaled soil the concentration of As

represented only 1% of the cancer PRG, or a risk of approximately 1 x10-6. For the non-cancer

endpoint from inhalation, a combination of As and Ba comprise only 5.05E-04 of the hazard

quotient, far below the level of any concern.

For potential ingestion of contaminated residential soil, As concentration in soil represented

approximately 20 times the cancer PRGs, which correlates to a lifetime risk of approximately 2 x

10-, which is well within EPA's acceptable range of 10-6 - 10.4. Non-cancer risks for As, Ba,

Mo, Se and V collectively represent a non-cancer hazard quotient 0.54.

Concentrations of heavy metals in the soluble fraction of soil were compared state of New

Mexico ground water standards. Silver (Ag), cadmium (Cd) and selenium (Se) had the highest

ratio of mean soil concentration to groundwater standard of 61%, 53% and 19%, respectively.

No other heavy metal exceeded 6% of the groundwater standard.

Lack of water in the sample area makes it further unlikely that heavy metal contamination from

Section 4 soils could contaminate aquifers in the area.

Two Lines, Inc. December, 2010 11
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ALARA CONSIDERATIONS

Were the Section 4 ponds not eligible for unrestricted release, substantial additional

construction would be required. Making the site acceptable for LTSM would require bringing in

a soil or rock cover. A simple analysis of ALARA considerations may be made as follows.

The peak dose estimated by the Section 4 dose assessment is 0.73 mrem/yr which is predicted

to occur in year 0. Assuming that there are four members of a ranch family residing on the

reclaimed Section 4 ponds the total collective dose rate would be 2.92 mrem/yr. For

conservatism, assume that these doses occur consistently over a 1000 yr period, even though

the RESRAD dose assessment clearly indicates that doses greatly decrease through time.

Again for conservatism, no discounting as described in Appendix N of NUREG-1 757 (NRC

2006) is used in this analysis. Over the 1000 year period a total of 2.92 person-rem would

accrue (2.92 mrem/yr x 1000 yr). It should be noted that language in ICRP 103 recommends

against calculating collective doses for what might be considered negligible doses such as this.

The Preface to ICRP Publication 103 (ICRP, 2007), concerning collective dose states that "The

aggregation of very low individual doses over an extended time period is inappropriate, and in

particular, the calculation of the number of cancer deaths based on collective effective doses

from trivial individual doses should be avoided."

Using the recommended value of $2000 per person-rem averted (NRC 2004) a total of only

$5800 (2.92 person-rem x $2000 per person-rem averted) should be spent to further reduce

potential dose from residual radioactivity in the Section 4 ponds. At 10 times the recommended

value of a person-rem averted, no more than $58,000 should be spent. Estimates of

construction cost for Section 4 are published in the section 10 of the decommissioning plan

(Table 10-1, Komex 2006). Costs of contaminated soil cleanup, placement and contouring

have presumably already been expended. The potential remaining estimated cost of re-

vegetation is $236,000. This value is far above the recommended costs per person-rem

averted as discussed above and would seem to be far in excess of what might be required.

Safety considerations also make additional remedial action an unnecessary and unwise choice.

Heavy equipment operation and transportation of materials has inherent safety risks from

accidents resulting in injuries or fatalities. While it is difficult to quantify potential risks from

Two Lines, Inc. December, 2010 12
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additional soil removal or transportation, such risks likely are greater than the risk averted from

additional remedial actions.

Two Lines, Inc. December, 2010 13
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CONCLUSIONS AND RECOMMENDATIONS

The analysis of residual soil contamination in the Section 4 Pond Area demonstrates that no

further remedial action is necessary. Using conservative analyses, the residual concentrations

of Ra-226, Th-230, and U-nat are not significantly greater than the established criteria.

The RESRAD dose analysis shows that the estimated annual dose to a rancher residing on the

site would be less than I mrem per year. The collective dose over a 1,000 year period would be

less than three rem assuming residence by a family of four continuously for that period of time.

The heavy metals analysis demonstrates that the non-radiological constituents do not pose an

unacceptable risk to site residents under the residential rancher land use scenario.

Based on the above considerations, additional remediation of the Section 4 Ponds Area is not

necessary or wise. The estimated cost and added risk of construction and vehicle transport are

excessive compared to the potential radiation dose averted.

Therefore, based on results of the assessment of dose from radioactive materials, impacts from

heavy metals as well as ALARA considerations presented above, the Section 4 pond area

should be considered for unrestricted release.

Two Lines, Inc. December, 2010 14
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REVIEW OF ORISE CONFIRMATORY SAMPLING REPORT

INTRODUCTION

ORISE submitted a Report titled Independent Confirmatory Survey Report for the Section 4

Area at the Rio Algom Ambrosia Lake Facility, Ambrosia Lake, New Mexico submitted February

12, 2010 (Adams 2010). The ORISE Report describes in detail the results of surveys requested

by the U. S. Nuclear Regulatory Commission (NRC). As stated in that report, "the objectives of

the confirmatory survey were to verify that remedial actions were effective in meeting

established release criteria and that documentation accurately and adequately described the

final radiological conditions of the RAM Ambrosia Lake, Section 4 Areas." To that end, the

confirmatory survey included gamma surface scans, gamma direct measurements, and soil

sampling and analysis. The determination as to whether the Section 4 Areas meet the criteria

for release for unrestricted use was based solely on the soil sampling and analysis.

SURVEY METHODOLOGY

ORISE divided the eleven Section 4 ponds into three survey areas. Each survey area was

approximately 100 acres in size and consisted of three or four contiguous ponds.

" Survey Area 1: Ponds 11, 12, 13, 14 - 101.6 acres

" Survey Area 2: Ponds 15, 16, 17, 21 - 100.9 acres

" Survey Area 3: Ponds 18, 19, 20 - 96.4 acres

The ranked set sampling (RSS) statistical approach was used for randomly selecting the 100

square meter plots to be surveyed. (The regulatory requirements for release of areas for

unrestricted use are based on radionuclide concentrations averaged over a 100 square meter

area.) The plot surveys consisted of 100% gamma scans in all plots and soil sampling in one-

third of the plots selected using the RSS approach. The number of plots to be surveyed was

initially set at 90 but decreased to 54, with the concurrence of the NRC, due to the uneven

terrain and time constraints. The rationale for the original number of survey plots was not

clearly described in the ORISE Report. The ORISE Report does state that the Visual Sampling

Plan code was used to determine the necessary number of soil samples to estimate the mean

based on the expected standard deviation and the desired confidence level. However, that
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desired confidence level was not specified initially. Without additional information, it is unclear

what impact the reduction from the original 90 plots to 54 plots had on the confidence level.

Eighteen specific measurement locations in each of the three survey areas were selected using

either a "pseudo- or quasi-random" approach. Pseudo- or quasi-random number generators are

commonly used for statistical purposes such as this survey. Based on the figures in Appendix

A to the ORISE Report, the eighteen measurement locations appear to be randomly distributed

over each survey unit and cover the area in a reasonable configuration.

High density gamma scans were conducted over the 54 selected measurement plots, 18 in

each survey area. The surveyor identified any locations of elevated exposure rate using the

audio output and marked such locations for further investigation. Direct (static) gamma

measurements were obtained at four locations in each plot, equidistant from the center of the

plot to the corner. The direct measurements were used to classify the plots as low, medium,

and high within the context of the RSS method.

The RSS method is an EPA approved statistical device for limiting the number of samples

required for a specific level of confidence compared to a completely random sampling design.

The RSS method is described in detail in the ORISE Report but basically requires sampling

from an array of plots assumed to represent the low, medium, and high values based on a

screening measurement of judgment.

One-third of the measurement plots were selected for soil sampling, based on the RSS method,

resulting in six soil samples per survey area, a total of eighteen for the Section 4 Ponds. Four

surface soil samples (0 - 15 cm) were taken from each selected measurement plot, midway

between the center and plot corners. The samples were field composited into one

representative soil sample. The samples were analyzed by ORISE for uranium isotopes (U-238,

U-235, U-234), Ra-226, and Th-230.

A low density gamma scan of areas outside of the measurement plots was performed. Elevated

gamma radiation areas were marked for further investigation and in some cases, additional

remediation activities undertaken by Rio Algom Mining (RAM). These actions reduced the

radionuclide concentrations in the affected areas but not sufficiently to meet the release criteria

according to ORISE.
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RESULTS OF ORISE SURVEY

The radionuclide concentrations in surface materials the 18 measurement plots from which soil

samples were obtained were compared to the previously accepted criteria for release for

unrestricted use (license termination). The criteria are assumed to be as follows:

" Ra-226: 7 pCi/g

o Based on the 10CFR40 surface concentration limit of 5 pCi/g plus background of

2 pCi/g

• Th-230: 17 pCi/g

o Based on a Th-230 concentration that will result in a Ra-226 concentration at 5

pCi/g at 1000 years due to ingrowth from the decay of Th-230, 14 pCi/g, plus

background of 3 pCi/g

° U-nat: 38 pCi/g

o Based on a U-nat concentration of 35 pCi/g plus background of 3 pCi/g

No background soil samples were collected. ORISE compared the measured radionuclide

concentrations to the previously determined criteria, which presumably include site-specific

backgrounds of 2 pCi/g for Ra-226; 3 pCi/g for Th-230; and 3 pCi/g for U-nat.

ORISE assessed compliance with the release criteria by dividing the measured concentrations

of nuclides of interest by the criteria and summing the ratios (SOR). Mean radionuclide

concentrations and sum of the ratios in each of the three survey areas are given in Table A-I.

Table A-I: Average Radionuclide Concentrations and Sum of Ratios

Th-230 Ra-226 U-nat

Area Measured Measured Measured Sum of
pCi/g vs. pCi/g vs. pCi/g vs. Ratios

criteria criteria criteria
1 25.75 1.51 1.50 0.21 7.14 0.19 1.91
2 8.95 0.53 1.03 0.15 5.11 0.13 0.81
3 13.07 0.77 1.16 0.17 4.23 0.11 1.05
Sec. 4Average 15.92 0.94 1.23 0.18 5.49 0.14 1.26AverageII

A more accurate method of determining compliance with the release criteria would compare the

net radionuclide concentrations in surface soil to the basic release criteria, i.e., the criteria with
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no background added as shown in Table A-2. In this case, only the Area 1 SOR exceeds unity

and the Section SOR based on the average measured concentrations is slightly less than 1.0

Table A-2: Alternate Calculation of the Sum of Ratios

Net Th-230 Net Ra-226 Net U-nat Sum

Area Measured Measured Measured of
pCi/g vs. pCi/g vs. pCi/g Vs. Ratios

criteria criteria criteria

1 22.75 1.63 0 0 4.14 0.11 1.74
2 5.95 0.43 0 0 2.11 0.06 0.49
3 10.07 0.72 0 0 1.23 0.04 0.76
Sec. 4Average12.92 0.92 0 0 2.49 0.07 0.99AverageIIII

The ORISE mean soil concentrations for the Section 4 Ponds were consistent with RAM surface

soil concentration data as shown in Table A-3.

Table A-3: Comparison of ORISE Soil Concentrations with RAM Average Measurements

Nuclide ORISE (pCi/g) RAM (pCi/g)*
Th-230 15.92 17.51
Ra-226 0.94 1.11
U-238 2.63 2.41
U-nat 5.49 4.93**

* Based on values used in the RESRAD dose assessment
**Calculated from U-238 concentration

CONCLUSIONS

The ORISE survey employed accepted statistical methods for selection of sampling locations.

The measured radionuclide concentrations in surface materials are consistent with previous

surface soil concentration measurements in the Section 4 Ponds. The SORs exceed 1.0 for

Survey Area 1 (Ponds 11, 12, 13, and 14) and Survey Area 3 (Ponds 18, 19, and 20). The SOR

for Survey Area 2 (Ponds 15, 16, 17, and 21) is less than 1.0. The average ORISE-calculated

SOR exceeds 1.0. Therefore, based on the previously approved method of determining

compliance with the release criteria, the ORISE conclusion that the Section 4 Ponds require

further investigation "and possible remediation" in order to meet the release limits is valid. The

same conclusion would be reached using the RAM data as well.
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The Th-230 concentration drives the SOR in all cases. Radium-226 concentrations are

consistent with background. The U-nat concentrations do not significantly impact the SOR.

While the ORISE conclusions are defensible, there are several concerns with the methodology

used. The report did not discuss how the initial number of measurement grids was established

other than to note that it was determined using the Visual Sample Plan code. There was no

discussion of how the reduction from 90 measurement plots to 54 plots and soil samples from

30 to 18 would affect the precision of the results.

The reduction in the number of samples necessary using the RSS methodology compared to

random sampling depends on a screening mechanism that is tied to the constituent of concern.

The constituent of primary concern for this Section 4 Ponds is Th-230 as it drives the SOR.

Radium-226 does not significantly affect the SOR. Gamma measurements on the 54 defined

grids were used as an indicator of the potential for elevated soil concentrations; however, the

gamma measurements were applicable only to Ra-226 concentrations not Th-230. The ratio of

Ra-226 to Th-230 is not constant and varies significantly with individual measurements within

survey areas and between survey area averages. However, the differences appear to be

random not systematic so it is not clear that the use of gamma measurements to define the soil

sample locations had the potential to bias the result. The RSS guidance states that if the

indicator used to determine low/medium/high within the sets of plots is not well correlated with

the constituent of primary interest (Th-230), the advantage to be gained by using RSS rather

than random sampling is invalidated.
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RADIOLOGICAL DOSE ASSESSMENT OF SECTION 4 PONDS

INTRODUCTION

The dose assessment described in this report was designed to assess the potential radiation

dose to a rancher living on the Section 4 ponds in their current condition. The rancher scenario

is the most realistic use of the land and is the scenario used to establish the benchmark dose

described in the RAM The Soil Decommissioning Plan (KOMEX 2006).

The exposure pathway modeling described herein used the RESRAD model (Yu 2001) to

estimate the peak annual radiation dose to the average member of the critical group for a

rancher exposure scenario. The dose assessment used site-specific information, where

available, regarding site conditions, pathways and input parameters.

The dose assessment was developed assuming current conditions of the reclaimed ponds. No

institutional controls were assumed in the assessment calculations. Pathways included were

those considered to be realistic for the scenario being modeled. A deterministic estimate of the

dose was calculated. In lieu of actual measurements, sensitivity analysis was conducted on

selected parameters to understand the impact of the uncertainty in those parameter values.

RESRAD COMPUTER MODEL

The RESRAD code version 6.5 (Yu et al. 2001) was used to model exposures and doses to

the rancher described above. RESRAD was developed by Argonne National Laboratory to

estimate doses to a human receptor from residual radioactive material left on a site and

compare those doses to the 25 mrem/yr decommissioning dose limit specified in 10 CFR

20.1301(e). The RESRAD code allows multiple combinations of various environmental

transport and exposure pathways. Figure B-1 and Table B-1 show exposure pathways that may

be considered in RESRAD.

Beta and gamma radiation from radionuclides distributed throughout the contaminated

zone are the dominant external radiation pathways. RESRAD first calculates the dose due to

external radiation to an individual continuously exposed to radiation from an infinite

contaminated zone at a distance of 1 m from the ground surface. The code applies factors to

correct for the area, thickness and shape of the contaminated zone, shielding by a cover of
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clean soil, shielding by the floors and walls of a house, and occupancy.

jClouds Forming_

Plant
• II IM$ I II q,

Figure B-1. Exposure Pathways Considered in RESRAD. (from Yu e a. 2001)

Table B-1. Potential Pathways in RESRAD

Exposure pathway Pathway
Ground - volume source
Ground - surface source
Air - submersion in dust

External radiation cloud
Immersion in radon gas
Immersion in other gaseous
airborne radionuclides
Water
Dust

Inhalation Radon and decay products
Other gaseous airborne
radionuclides
Plants
Meat
Milk

Ingestion Aquatic foods
Surface water
Well water
Soil

Dose from inhalation may result primarily from inhalation of radon decay products and

contaminated dust. Airborne exposure includes modeling of resuspension and transport of
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materials from the contaminated zone to the receptor location and potential inhalation by the

receptor. Resuspension modeling estimates the ratio of the airborne emission near the source

before it is dispersed and diluted to the concentration in the resuspendable fraction of dust.

Transport modeling calculates the ratio of the airborne concentration at the point of exposure to

the airborne emission at the source. Inhalation at the exposure point is adjusted by an

occupancy factor and the inhalation rate.

As shown in Table B-i, four food pathway categories are considered: plant foods, meat, milk,

and aquatic foods. Exposure via the plant food pathway is divided into four subcategories

corresponding to (1) root uptake from crops grown in the contaminated zone, (2) foliar uptake

from contaminated dust deposited on the foliage, (3) root uptake from contaminated irrigation

water, and (4) foliar uptake from contaminated irrigation water. Contributions from the meat and

milk pathways involve an additional pathway segment for transfer of radionuclides from fodder,

soil, or water to the meat or milk.

RESRAD simulates releases of radionuclides from the uniformly distributed contaminated zone

into air and water to vary with time. Radioactive decay is accounted for. Radioactive materials

are not transported within the source zone.

Release of radionuclides by water is assumed to be a function of a constant infiltration rate,

time-varying contaminant zone thickness, constant moisture content, and equilibrium

adsorption. The contaminant zone thickness or cover thickness is assumed to decrease over

time due to a constant erosion rate. Particulates are assumed to be instantaneously and

uniformly released into the air as a function of the concentration of radionculdes in the soil, with

the air concentration based on an assumed constant mass loading rate.

SCENARIO AND PATHWAYS

The rancher scenario is the most realistic for the current condition of the ponds. The rancher

is assumed to be an adult who lives on the site and receives a portion of his diet from plants

and animals raised on the site.

Pathways that are realistic for the rancher scenario include the following:

0 External exposure from soil;
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" Inhalation of suspended soil;
" Ingestion of soil;
" Ingestion of plant products grown in contaminated soil; and
" Ingestion of animal products grown onsite using feed and surface water from potentially

contaminated sources, even though surface water is uncommon on the site.

Groundwater was not considered to be an applicable pathway because of the low yield of wells

in the region. According to the New Mexico water resources assessment of 2001,

(www.nmenv.state.nm.us/fod/LiquidWaste/GW.contours.pdf) wells in the region are sandstone-

and shale-based and only locally significant. Due to reclamation of the site, it is reasonable to

assume that there is no direct groundwater usage pathway.

SOURCE TERM

Radionuclides of concern include members of the natural uranium decay chain, notably U-238,

U-235, U-234, Th-230, Ra-226 and Pb-210. Recent soil sampling of the section 4 ponds

resulted in concentrations as shown in Table B-2. Data for three strata of samples were used

as described in the section input parameters. Background values reported by KOMEX 2006

(Table 2-1) are 1.95+/-1.09, 2.91+/-1.76, and 1.68+/-1.23 pCi/g for Ra-226, Th-230 and U-238,

respectively. This means that radionuclide concentrations for Section 4 surface soils soils are

at or below background for Ra-226 and that U-238 concentrations are only about 0.8 pCi/g

above background. Th-230 was the only radionuclide in which samples significantly exceeded

background. Pb-210 concentrations were set equivalent to Ra-226 values.

Table B-2. Soil concentrations in various data sets and depths from Section 4.

Mean Concentrations ý(pCi/g)
Th-230 Ra-226 U-238 No. Samples

Surface samples, 0-15 cm (0-6")
17.51 1.11 2.41 60

Subsurface samples, 15 - 30 cm (6-12")
5.14 0.82 2.00 41

Core samples, 0-30 cm (0-1')
11.74 0.95 1.72 33

Subsurface, 0.3 -2.1 m (1'-8')
1.25 0.78 1.36 142

The contaminated zone is assumed to be circular and roughly equivalent in size to the area of

the eleven former ponds in Section 4. Soil was modeled in three separate runs: 0 - 15 cm (0-

6"), 15 - 30 cm (6-12") and > 30 cm (1') depths. The surface run was considered to have no
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cover, but the 15 - 30 cm and > 30 cm runs were modeled as having 15 cm and 30 cm clean

covering soil, respectively, to mimic the delay of erosion through time.

Radionuclide concentrations were assumed to be homogenous throughout the source and the

concentrations shown above were used. Each soil flight was modeled as an unsaturated zone

with an area approximately equivalent to the size of the eleven ponds. For example,

concentrations of Th-230 were 17.51, 5.14 and 1.25 pCi/g, respectively for 0 - 15 cm, 15 - 30

cm and > 130 cm depth model runs Results of the three model runs were summed to estimate

the total dose to the receptor.

MODEL INPUT PARAMETERS

Radionuclide-specific parameters are shown in Table B-3. Concentrations in soil are based on

statistical analysis of sampling done by RAM in the Section 4 ponds. Average concentrations

for 0-15 cm, 15-30 cm and deeper depths were used as initial concentrations. Distribution

coefficients are equivalent to those used in earlier dose assessment modeling (KOMEX 2006).

Radionuclide concentrations in groundwater were assumed to be zero, as were the solubility

limit and leach rate (KOMEX 2006).

Table B-3. Radionuclide-specific input parameters.

U-238 U-234 U-235 Th-230 Ra-226 Pb-210
Initial concentration in 2.41 2.41 0.11 17.51 1.11 1.11
0-15 cm soil, pCi/g
Initial concentration in 2.00 2.00 0.09 5.14 0.82 0.82
15-30 cm soil, pCi/g
Initial concentration in 1.36 1.36 0.06 1.25 0.78 0.78
30 cm - 2.1 m soil,
pCi/g
Distribution coefficient 1 1 1 1 1 1
(kd) for contaminated
zone (cm 3/g)
Distribution coefficient 1 1 1 1 1 1
(kd) for unsaturated
zone (cm 3/g)
Distribution coefficient 90 90 90 90 90 90
(kd) for saturated zone
(Cm3/g)

Groundwater 0 0 0 0 0 0
concentration (pCi/L)

Solubility limit (mol/yr) 0 0 0 0 0 0

Leach rate (/yr) 0 0 0 0 0 0

TwoLines, Ic. December, 2010 27



Section 4 Data Report Rio Algom Mining, LLC

Input parameters for the contamination zone and the cover are shown in Table B-4. The

contamination zone area was set equal to a circular area that approximates the total area of

ponds 11 - 21. Three contaminated zones were used, as defined by soil samples collected by

RAM. The length parallel to aquifer flow was set equal to the diameter of the contaminated

zone.

The contaminated surface zone was assumed to have no engineered cover and represented

only naturally soil material. The 15-30 cm (0-6 ") and > 30 cm (> 1') contaminated layers were

each represented as having a clean soil layer of 15 cm and 30 cm, respectively. The use of a

clean cover for the two lower contaminated zones appropriately shields the receptor from

potential gamma exposure and delays potential exposure from other pathways until the cover is

eroded away. Because there is no cover for the surface contamination layer, the cover erosion

rate was set at zero, while the cover erosion rates for the two deeper contaminated zones were

set a 0.001 m/yr. The contaminated layer erosion rate was set at a default value of 0.001 m/y

for all three layers. Most other parameters relating to the contaminated zones, the unsaturated

zone and the saturated zone were set equivalent to site-specific values evaluated by earlier

dose assessments as presented in the NRC-approved soils plan (KOMEX 2006).

Parameters used to describe receptor occupancy, inhalation and external gamma exposures

are listed in Table B-5. It is assumed that the resident spends 45% of his/her time indoors and

on site, 20% of the time outdoors on site, and 35% of the time away from the site. Dust

filtration/shielding gamma shielding and inhalation rates are all default values.

Dietary and ingestion-related parameters are shown in Table B-6. All of the values used are

either default values or follow the same pattern developed by KOMEX (2006) in earlier dose

assessments. Food is assumed to grow on the contaminated area. Five percent of the

resident's vegetable, grain, and fruit diet is assumed to be from the contaminated area and 5%

of the resident's meat diet is assumed produced from the contaminated area. Contaminated

water is not used either to irrigate foodstuffs or drink, but is used by livestock. Neither locally

derived milk nor aquatic food is assumed to be part of the rancher's diet.
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Table B-4. Input parameters used for contamination zone and cover.

Parameter Value Rationale or reference
Area of contaminated zone 1.58E08 m2  Approximately equal to ponds 11-21.

Thickness of contamination 0 - 0.15 m, 0.15

zones - 0.30 m, 0.3 m Sampled depths.
- 2.1 m

Length parallel to aquifer flow 1.41 E04 m Equals diameter of assumed circular
contaminated zone

Time since placement 6 yr Ponds decommissioned in 2004
Cover depth, surface 0 m No cover assumed.
contamination zone
Cover depth, 6"-12"Contaminatio zone" 0.15 m (6") Clean 15 cm (6") cover assumed.contamination zone

Cover depth, V-8' 0.30 m (12") Clean 30 cm (12") cover assumed.
contamination zone

No cover for surface contamination
Cover erosion rate (m/y) 0.001 layer. Default cover erosion for 6-12"

and deeper contamination layer.
Contam. zone erosion rate 0.001 RESRAD default.
Contam. zone total porosity 0.2 KOMEX 2006
Contam. zone field capacity 0.05 KOMEX 2006
Contam.zone hydraulic 2.00E03 m/yr KOMEX 2006
conductivity

Contam. zone b parameter 1 KOMEX 2006
Average annual wind speed 3.9 m/sec KOMEX 2006
Evapotranspiration coefficient 0.90 KOMEX 2006
Precipitation 0.266 m/yr KOMEX 2006
Irrigation 0 m/yr Assumed.
Runoff coefficient 0.40 KOMEX 2006
Watershed area for nearby 1.56E08 M2  KOMEX 2006
stream or pond
Density of saturated zone 2.4 m/cm' KOMEX 2006
Saturated zone total porosity 8.OOE-02 KOMEX 2006
Saturated zone eff. porosity 4.OOE-02 KOMEX 2006
Saturated zone field capac. 4.OOE-02 Default
Sat.zone hydraulic conduct. 67 m/yr KOMEX 2006
Sat.zone hydraulic gradient 4.OOE-02 KOMEX 2006
Saturated zone b parameter 1 KOMEX 2006
Water table drop rate 1 m/yr KOMEX 2006
Well pump intake depth 1.OE-05 m KOMEX 2006
(below water table)

Well pumping rate 0 m3/yr Assumed.
Number of unsat. zones 1 KOMEX 2006
Unsaturated zone thickness 6 m KOMEX 2006
Unsat. zone soil density 1.5 g/cm' KOMEX 2006
Unsat. zone total porosity 0.20 KOMEX 2006
Unsat. zone eff. Porosity 0.15 KOMEX 2006
Unsat. zone field capacity 5.OOE-02 KOMEX 2006
Unsat. zone b parameter 1 KOMEX 2006
Unsat.zone hydraulic conduct. 2.00E03 KOMES 2006
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Table B-5. Input parameters relating to occupancy, inhalation and external gamma
exposure.

Parameter Value Rationale or reference
Inhalation rate 8400 m'/yr RESRAD default
Mass loading for inhalation 1.OOE-04 g/m' RESRAD default
Exposure duration 1 yr RESRAD default for annual

dose
Shielding factor - inhalation 0.56 KOMEX 2006
Shielding factor - external gamma 0.21 KOMEX 2006
Indoor time fraction 0.45 KOMEX 2006
Outdoor on-site time fraction 0.20 KOMEX 2006

Table B-6. Parameters for the ingestion pathway.

Parameter Value Rationale or reference

Fruits, vegetables and grain consumption 178 kg/yr KOMEX 2006
Leafy vegetable consumption 25 kg/yr KOMEX 2006
Meat and poultry consumption 63 kg/yr RESRAD default
Soil ingestion 36.5 g/yr RESRAD default
Contaminated fraction livestock water 1 KOMEX 2006
Contaminated fraction plant food 5.OOE-02 KOMEX 2006
Contaminated fraction meat 5.OOE-02 KOMEX 2006
Livestock fodder intake - meat 68 kg/day RESRAD default
Livestock water intake - meat 50 L/day RESRAD default
Livestock soil intake 05 kg/day RESRAD default
Mass loading for foliar deposition 1.00E-04 g/m' RESRAD default
Depth of soil mixing layer 1.5E-01 m RESRAD default
Depth of roots 0.3 m KOMEX 2006
Groundwater fractional usage - livestock 0 No groundwater usage,

KOMEX 2006

Parameters having to do with description of plants, including crop yield, growing season,

translocation factors and interception fraction for both leafy and non-leafy plants were set at

default values. Doses were estimated for 1, 3, 10, 30, 100, 300 and 1000 years in the future.

RESRAD calculates the time of maximum dose.

MODELING RESULTS

Dose Estimates

Table B-7 lists modeled doses for contamination layers above background concentrations. For

year 0, receptor doses were 0.73 mrem/yr. No soil layer deeper than 30 cm had radionuclide
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concentrations above background, so only those layers were modeled. Only Th-230

concentrations are significantly above background in the surface and sub-surface layers.

Under those conditions, modeled doses to the receptor decrease to far below 1 mrem/yr within

300 years.

Table B-7. Estimated dose from all pathways for various contamination layers, using
above background soil concentrations only.

Total Dose, mrem/yr
Basic Radiation Dose Limit = 2.500E+01 mrem/yr

Mixture Sum M(t) = Fraction of Basic Dose Limit Receive at Timre (t)
Surface Contamination (0- 1 5 cm)

t, years 0.OOE+00 3.OOE+00 1.OOE+01 3.OOE+01 1.00E+02 3.OOE+02 1.OOE+03
Dose,
mrem/yr 7.17E-01 5.16E-01 1.95E-01 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
M(t) 2.87E-02 2.07E-02 7.78E-03 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00

SubSurface Contamination (15 - 30 cm)
t, years O.OOE+00 3.OOE+00 1.OOE+01 3.OOE+01 1.OOE+02 3.OOE+02 1.OOE+03
Dose,
mrem/yr 1.03E-02 1.21 E-02 1.46E-02 1.70E-02 2.68E-02 2.87E-08 0.OOE+00
M(t) 4.12E-04 4.85E-04 5.84E-04 6.79E-04 1.07E-03 1.15E-09 O.OOE+00
Total
dose,
mremlyr 7.27E-01 5.28E-01 2.09E-01 1.70E-02 2.68E-02 2.87E-08 O.OOE+00
M(t) 2.91E-02 2.11E-02 8.37E-03 6.79E-04 1.07E-03 1.15E-09 O.OOE+00

Doses were also modeled using gross radionuclide concentrations; i.e. including background

values. In this instance three contaminated zones were used and results are shown in Table B-

8. The maximum calculated dose to the receptor was 5.90 mrem/yr, occuring at t = 0 yrs. By far

the largest fraction of this dose comes from the surface contamination. The 15 - 30 cm layer

contributes approximately 16% of the total dose in the first year.

In all cases, doses were well below the 25 mrem/yr decommissioning standard (10 CFR

20.1402).
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Table B-8. Estimated doses from all pathways for various contamination lavers.

Total Dose, mrem/yr
Basic Radiation Dose Limit = 2.500E+01 mrem/yr

Mixture Sum M(t) = Fraction of Basic Dose Limit Receive at Time (t)
Surface Contamination (0-15 cm)

t, years O.OOE+00 3.OOE+00 1.OOE+01 3.OOE+01 1.OOE+02 3.OOE+02 1.OOE+03
Dose,
mrem/yr 4.93E+00 4.02E+00 2.49E+00 6.29E-01 3.87E-03 0.OOE+00 O.OOE+00
M(t) 1.97E-01 1.61E-01 9.96E-02 2.52E-02 1.55E-04 0.OOE+00 O.OOE+00

Maximum dose = 4.93 mrem/yr (P t = 0 years
SubSurface Contamination (15- 30 cm)

t, years O.OOE+00 3.OOE+00 1.OOE+01 3.OOE+01 1.00E+02 3.OOE+02 1.OOE+03
Dose,
mrem/yr 8.94E-01 7.49E-01 4.95E-01 1.52E-01 2.51 E-03 2.21E-10 0.OOE+00
M(t) 3.58E-02 3.OOE-02 1.98E-02 6.07E-03 1.OOE-04 8.84E-1 2 0.OOE+00

Maximum dose = 8.94E-01 mrem/yr @ t = 0 yrs.
SubSurface Contamination (30 cm - 2.1 m)

t, years O.OOE+00 3.OOE+00 1.OOE+01 3.OOE+01 1.OOE+02 3.OOE+02 1.OOE+03
Dose,
mrem/yr 7.50E-02 8.68E-02 1.13E-01 1.82E-01 3.63E-01 9.70E-01 3.61 E-02
M(t) 3.OOE-03 3.47E-03 4.53E-03 7.26E-03 1.45E-02 3.88E-02 1.44E-03

Maximum dose = 9.7E-01 mrem/yr @ t = 300 yrs
Total
dose, 5.90E+00 4.85E+00 3.10E+00 9.62E-01 3.69E-01 9.70E-01 3.61 E-02
mremlyr
Mt) j2.37E-01 2.03E-01 1.46E-01 3.24E-02 1.47E-02 3.88E-02 1.44E-03

Dose by Pathway

Doses modeled to be received by the receptor for concentrations exceeding background are

shown in Table B-9 and Figure B-2. At time = 0 yr, the largest fraction (86%) of the receptor

dose from above-background surface contamination results from inhalation and ingestion of soil.

These values decrease to less than 20% in year 30. Modeled doses from direct exposure to

residual radioactive materials on the ground result in as much as 64% of the total in year 100.

In year 300, most of the dose is estimated to come from ingestion of plant and meat material.

These results are indicative of loss of the cover material and the fact that no contamination

exists below 30 cm at that time in the future.
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Table B-9. Dose by pathway by time of exposure for concentrations exceeding
background.

Dose From Given Pathways (mrem/y)
Time Ground Plant Meat Soil Ing. Total
(yr) direct Ing. Ing.

0 4.99E-02 4.37E-01 5.23E-02 1.56E-03 1.87E-01 7.27E-01
3 8.25E-02 2.83E-01 3.98E-02 1.15E-03 1.22E-01 5.28E-01
10 8.87E-02 7.09E-02 1.80E-02 4.63E-04 3.12E-02 2.09E-01
30 7.55E-03 1.92E-03 6.27E-03 1.29E-04 1.10E-03 1.70E-02
100 1.72E-02 7.73E-05 7.66E-03 2.34E-04 1.63E-03 2.68E-02
300 0.OOE+00 0.OOE+00 1.62E-08 1.25E-08 0.OOE+00 2.87E-08
1000 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

Fraction of Total Dose From Given Pathway
0 0.07 0.60 0.07 0.00 0.26 1.00
3 0.16 0.54 0.08 0.00 0.23 1.00
10 0.42 0.34 0.09 0.00 0.15 1.00
30 0.44 0.11 0.37 0.01 0.06 1.00
100 0.64 0.00 0.29 0.01 0.06 1.00
300 0.00 0.00 0.57 0.43 0.00 1.00
1000 NA NA NA NA NA NA

Modeled dose by pathway vs. time - net of background
concentrations
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Figure B-2. Dose from various pathways for concentrations exceeding background vs.
time. (Horizontal axis is not to scale.)

Table B-1 0 and Figure B-3 show doses received by the hypothetical receptor by pathway for

gross radionuclide concentrations, i.e. concentrations including background. Direct exposure

from material on the ground contributes approximately 60% of the total receptor dose except for



I/ 'I, Ii ! L L

the 100 yr estimate. Doses from plant ingestion, inhalation and soil ingestion contribute

approximately 22%, 10% and 8%, respectively for the first 10 years.

Table B-10. Dose by pathway by time of exposure for concentrations including
background.

Dose From Given Pathways (mremy),
Time Ground Plant
(yr) direct Inhalation Ing. Meat Ing. Soil Ing. Total

0 3.53E+00 5.79E-01 1.29E+00 3.72E-02 4.69E-01 5.90E+00
3 2.93E+00 4.65E-01 1.05E+00 3.05E-02 3.79E-01 4.85E+00
10 1.90E+00 2.79E-01 6.69E-01 1.92E-02 2.31E-01 3.10E+00
30 5.90E-01 6.43E-02 2.46E-01 6.31 E-03 5.64E-02 9.62E-01
100 1.50E-01 3.63E-04 2.15E-01 3.99E-03 4.09E-04 3.69E-01
300 6.49E-01 1.71 E-02 2.51 E-01 6.94E-03 4.69E-02 9.70E-01
1000 2.38E-02 7.38E-04 9.48E-03 3.01E-04 1.83E-03 3.61E-02

Fraction of Total Dose From Given Pathway
0 0.60 0.10 0.22 0.01 0.08 1.00
3 0.60 0.10 0.22 0.01 0.08 1.00
10 0.61 0.09 0.22 0.01 0.07 1.00
30 0.61 0.07 0.26 0.01 0.06 1.00
100 0.41 0.00 0.58 0.01 0.00 1.00
300 0.67 0.02 0.26 0.01 0.05 1.00
100 0.66 0.02 0.26 0.01 0.05 1.00

Modeled dose by pathway vs. time -
including background concentrations
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Figure B-3. Dose from various pathways including background concentrations vs. time.
(Horizontal axis is not to scale.)

The apparent increase in dose between 100 and 300 years is likely due to the fact that the

surface 30 cm (1') has eroded away, thus increasing direct exposure from thick contaminated

Lynos, im
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zone below 30 cm and the in-growth of Ra-226 from the decay of Th-230 that has occurred

during the intervening period. It is important to note that all doses calculated are well below

what might be expected for a resident at that location from ubiquitous natural background at that

location.

The low doses exhibited by these runs were particularly influenced by the fact that there was no

water ingestion and very little water involvement. No contaminated water was used for

irrigation.

The model was run several different times with and without the drinking water pathway turned

on. Dose results using the groundwater pathway were identical to those without the drinking

water pathway, which in indicative of the limited role that water plays in the modeled scenario.

Sensitivity Analyses

No systematic analysis was conducted to assess the sensitivity of the total dose estimate to

variation in specific parameters. However, it is clear that certain parameters are more important

than others to determining the final dose estimate. For example, the parameter governing mass

loading for inhalation (MLINH) is linearly related to inhalation dose. But unless inhalation is a

primary pathway, the impact on total dose is limited by the fraction that is represented by

inhalation.

Another potentially sensitive parameter is irrigation rate (RI) in m/y. For example at t=2 yr, a

five-fold increase or decrease in irrigation rate produces a 7-fold increase or decrease,

respectively, in total dose. However, in this scenario, that difference does not represent a large

change in total dose because water dependent pathways are very minor contributors.

Estimates of distribution coefficient (kd) for saturated and unsaturated layers is unimportant in

the modeled scenario, but a 10-fold variation in Ra-226 kd for the contaminated zone makes

roughly a 4-fold variation in the dose from Ra-226.

In short, a systematic study could be conducted to refine the effect of certain parameters on

total dose and timing of dose. However, based on the few sensitivity analyses conducted for

this report, it is unlikely that the total dose would be underestimated by more than a factor of

four, representing a dose of less than 4 mrem per year above background.
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CONCLUSIONS
The potential dose to a hypothetical rancher inhabiting the former pond area of Section 4 was

calculated using the RESRAD model. Unless specific data were available, parameters used in

earlier dose assessments (KOMEX 2006) were also used in this assessment. Site-specific

data available included concentrations of the natural uranium decay chain in soil for surface and

subsurface samples.

Doses were modeled for soil concentrations exceeding background and concentrations

including background. For the modeled scenario, in both instances, calculated doses were far

below the 25 mrem/yr cleanup criteria for unrestricted use after site decommissioning. External

doses from contaminated ground surface dominate the total dose if background is included,

which is not surprising considering the lack of water dependent pathways.
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APPENDIX C: ANALYSIS OF HEAVY METALS
IN SECTION 4 PONDS
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ANALYSIS OF HEAVY METALS IN SECTION 4 PONDS

INTRODUCTION

Following remedial action of the Section 4 ponds, samples were collected for radionuclides and

heavy metals analyses. In December 2009, a total of four samples were collected from each of

11 ponds and from 14 other visibly discolored areas, known as "white spots." Resultant data

were reviewed and compared to applicable remedial action goals.

Statistical analyses were performed on the data and compared the results to EPA Region 9

preliminary remediation goals (PRGs) and to New Mexico water standards. PRGs, are media-

based concentrations derived under certain intake, land-use and water use assumptions and

are used to make initial screening-level evaluations of soil, air, and water constituent

concentrations at contaminated sites. These PRGs, developed by EPA Region 9, are in wide-

spread use across EPA and are considered generally applicable. In all cases, these

concentrations are based on standard exposure factors to estimate contaminant concentrations

in soil that are considered to be protective at the 10-6 (one in one million) level of lifetime risk

and are intended to assist in initial screening-level evaluations of environmental concentrations.

PRGs are compiled for residential and industrial soil and air, plus tapwater. In keeping with the

rancher scenario of the section 4 dose assessment, PRGs for residential soil were compared to

the heavy metal concentration data. For a complete list of the EPA Region 9 PRGs see

http://www.epa..ov/reqion9/superfund/prpq .

SOIL DATA ANALYSIS

Table C-1 contains descriptive statistics of samples taken from the Section 4 pond areas.

Samples were also analyzed for cadmium, silver, radium and uranium. Cadmium and silver

concentrations did not exceed the detection limit in any sample. Uranium and radium were

excluded from this assessment because their impacts were noted in the Section 4 Dose

Assessment Report.
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For all 58 analyses, the concentrations of arsenic (As), barium (Ba), chromium (Cr), selenium

(Se) and vanadium (V) exceeded detection limits. Thirteen of the samples had no detectable

lead (Pb) and 22 had no detectable molybdenum (Mo).

Table C-1 Heavy Metal Concentrations in Section 4 Soil Samples

Concentrations in Section 4 Soil Samples (mg/kg)
As Ba Cr Pb Mo Se V

Mean 7.7 98.0 11.6 9.8 10.2 1.1 68.1
95% UCL 9.4 103.3 12.7 11.2 17.5 1.6 102.5
Maximum 48.1 163.0 21.0 20.0 108.0 13.8 920.0

Number above
detection limit 58 58 58 45 36 58 58

COMPARISON WITH PRG VALUES

The PRG, which represents the Ix10-6 risk level, was compared to the Section 4 soil

concentration to calculate either a lifetime cancer risk or a non-cancer hazard quotient and

hazard index. As shown in Table C-2, arsenic is the only heavy metal in Section 4 which has

both cancer and non-cancer endpoints for both inhalation and ingestion.

Table C-2 Preliminary Remediation Goals for Residential Soil

Residential Soil PRG (ma/ka)
Cancer endpoint Non-cancer endpoint

Metal Ingestion Inhalation Ingestion Inhalation
As "4.10E-01 7.70E+02 2.30E+01 2.10E+04
Ba 1.60E+04 7.10E+05
Cd 1.80E+03 7.80E+01 1.40E+04
Cr
Pb
Mo 3.90E+02
Se 3.911E+03
Ag 3.90E+02
Vn 3.90E+02

The average constituent concentrations in the soils collected at the site were compared directly

to the EPA Region 9 PRG soil concentration for residential land use. Because background

values were not available, average concentrations including background were compared to the
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PRG values. If site-specific background values had been available, those would have been

subtracted from the mean concentrations and the net value would have been compared to the

PRG.

Arsenic and cadmium have cancer endpoints for inhalation, but cadmium was not detectable in

any of the samples. The mean concentration of As in Pond 4 soils was 7.7 mg/kg, which

represents 1% of the PRG. Since the PRG represents a risk of 10-6, this means that inhaled soil

from pond 4 represents a lifetime cancer risk of 108, which is far below the EPA acceptable

range of 10-6 - 10-4.

Table C-3 Estimates of Cancer and Non-cancer Risk from Inhalation of Residential
Soil Contamination at Section 4 Ponds

Residential Ave Ratio of Noncancer
Metal Risk soil PRG RAM soil to Hazardendpoint cancer Quotientt(mg/kg) (mg/kg) PRG

Arsenic Ca 770 7.7 1.OOE-02

Arsenic Nc 2.1E+04 7.7 3.67E-04

Barium Nc 7.1E+05 98 1.38E-04

Total 1.00E-02 5.05E-04

For the non-cancer endpoint, the acceptance criteria is a hazard index of <1.0. Again, the

average concentration of contaminants of concern in soils was used to estimate the non-cancer

hazard quotient for each contaminant. Hazard quotients were calculated for arsenic and

barium, both of which are in the range of 10-4 .

Table C-4 contains cancer and non-cancer risk from potential ingestion of residential soil. The

PRG for arsenic is far smaller for ingestion than for inhalation. Therefore, the ratio of the soil

concentration to the cancer endpoint PRG is much higher than the same ratio for inhalation at

19.3. However, because the PRG represents a potential cancer risk of 10-6, the potential cancer

risk from inhaling soil is 1.93 x 10-5, which is well within EPA's acceptable range of 10-6 
- 10-4.

Again, the average concentration of contaminants of concern was used to estimate the non-

cancer hazard quotient for each contaminant. Hazard quotients were calculated for arsenic,

barium, molybdenum, selenium and vanadium. The hazard quotient for ingestion of soil is

estimated to be 0.54, which is dominated by arsenic and vanadium.
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None of the cancer risk or hazard quotients calculated would indicate that additional remedial

action is required.

Table C-4 Estimates of Cancer and Non-cancer Risk from Ingestion of Residential
Soil Contamination at Section 4 Ponds

EPA Ratio of Noncancer

Contaminant Risk Region 9 Ave soil to Hazard
of Concern* endpoint Residential s cancer Quotientland use Soil cPRG

soil PRG

Arsenic Ca 4.OOE-01 7.7 1.93E+01
Arsenic Nc 2.3E+01 7.7 3.35E-01
Barium Nc 1.6E+04 98 6.13E-03

Molybdenum Nc 3.9E+02 10.2 2.63E-02

Selenium Nc 3.9E+02 1.1 2.82E-03
Vanadium Nc 3.9E+02 68.1 1.75E-01

I Total 1.93E+01 5.44E-01

COMPARISON TO NEW MEXICO GROUNDWATER STANDARDS

New Mexico standards for heavy metals in water are shown in Table C-5 along with mean

soluble fraction for the pond 4 soils. The mean soluble fraction was compared to the NM

standard. For Ag, Cd and Se the soluble fraction was 61%, 53% and 19%, of the groundwater

standard respectively. None.of the other heavy metal results exceeded 6% of the groundwater

standard. Further, given the lack of water to transport materials from surface and near-surface

depths, it seems unlikely that Section 4 ponds have the potential to contaminate groundwater.

CONCLUSIONS

Comparisons of mean soil concentrations with established preliminary remediation guidelines

show that none of the contaminants of concern exceed the acceptable range of risk, 1 0- - 104.

In several instances, Cd and Ag, the soil data did not exceed minimum detection limits in any

samples. Arsenic had the largest potential for cancer induction, estimated to be approximately

2 x 10s.
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The soluble fraction of the soil samples was compared to the New Mexico groundwater

standard and none were higher than 62% of the standard. The lack of precipitation and

recharge to local aquifers make it very unlikely that the site would contribute to groundwater

contamination.

Table C-5 New Mexico standards for heavy metals in groundwater.

mg/L

Pond 4 soil Soil / GW
Metal NM GW std mean Std

As 1.OOE-01 9.98E-04 9.98E-03

Ba 1.OOE+00 1.84E-02 1.84E-02

Cd 1.OOE-02 5.33E-03 5.33E-01

Cr 5.OOE-02 1.56E-02 3.11E-01
Pb 5.OOE-02 4.22E-04 8.44E-03

Mo 1.OOE+O0 5.80E-02 5.80E-02

Se 5,OOE-02 9.60E-03 1.92E-01

Ag 5o00E-02 3.10E-02 6.19E-01
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