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1.0 Introduction

Rhodia Inc. (Rhodia) has prepared this Resource Conservation and Recovery Act (RCRA) Facility
Investigation Report (RFI Report) to fulfill the requirements of Section VIILE. of the Corrective
Action Order on Consent (3008(h) Order) issued to Rhodia pursuant to Section 3008(h) of the
Resource Conservation and Recovery Act (“RCRA”) (42 U.S.C. § 6928(h)) by the U.S.
Environmental Protection Agency (U.S. EPA) with an effective date of April 29, 2004. This RFI
Report describes the investigation activities conducted at the Rhodia Silver Bow Plant (Plant)
between 2006 and 2012 in accordance with the Phase 1 RFI Work Plan (Barr, 2009) and October
2012 RFI Work Plan (Barr, 2012a). A number of environmental investigations have been conducted
at the Silver Bow Plant since 1988. These investigations have been summarized in previous reports
and were compiled in the Current Conditions/Release Assessment Report (CCRA) (Barr, 2006). The
RFI Report builds upon the extensive data set that was compiled and documented in the CCRA (Barr
2006). This RFI Report addresses the entire Silver Bow Plant and meets the requirements for an RFI
set forth in the 3008(h) Order, the final Corrective Action Plan (CAP) OSWER Directive 9902.3-2A
(EPA 520-R-94-004), and the RCRA Corrective Action Advance Notice of Proposed Rulemaking
(ANPR), 61 Fed. Reg. 19432 (May 1, 1996).

1.1 Purpose and Scope

The general purpose of an RFI is to evaluate the nature and extent of releases of hazardous waste or
hazardous constituents from solid waste management units (SWMUs) or areas of concern (AOCs) at
the Silver Bow Site and to gather necessary data to support a Corrective Measures Study (CMS).

The specific objective of the work outlined in this report is to address identified data gaps that were
outlined in the U.S. EPA-approved CCRA Report (Barr 2006). The RFI activities include programs
to better define site characteristics including groundwater quality, surface water and sediment quality
along Sheep Gulch, surface water quality along Silver Bow Creek, SWMU-specific and AOC-

specific material and soil quality, background/reference area soil quality and soil gas quality.

1.2 Site Setting, Operations and Current Conditions

Rhodia’s former elemental phosphorus production plant (Silver Bow Plant) occupies approximately
1.25 square miles in Silver Bow County, Montana. The Plant is located at 112° 41" W longitude and
45° 49' N latitude approximately seven miles west of Butte, Montana and one mile south of Ramsay,

Montana (Figure 1-1). The property, owned by Rhodia, is located in Sections 23, 24, 25, and 26,
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Township 3 North, Range 9 West (Figure 1-2). A figure providing the general Plant area is provided
in Figure 1-3.

As shown in Figures 1-2 and 1-3, the Silver Bow Plant is not bound by natural features (e.g., rivers).
German Gulch Road abuts the northern boundary of the facility. The remaining property is bounded
by industrial and agricultural lands. The Plant is located west of the Continental Divide and
northeast of the Pioneer Mountains. The site topography is strongly influenced by proximity to
Silver Bow Creek. The site varies in elevation from approximately 5,310 feet above mean sea level
(MSL) at Sheep Gulch to 5,480 feet above MSL at the top of the slag pile. The property has flat
terrain on the northeast and rising terrain incised with gulches to the south and west. The center of
the site is occupied by a tailing basin. Slag piles cover much of the southeast part of the property.
Natural slopes at the site generally range between two percent and eight percent, while several of the

slag piles presently have slopes as great as 66 percent.

The Plant was constructed in the early 1950s to produce elemental phosphorus using an electric arc
furnace method developed by the Tennessee Valley Authority. The Plant produced elemental
phosphorus until 1997, when it was shut down for decommissioning and closure. Currently, the

approximate boundary of the entire property is fenced to control access to the area.

The CCRA identified the SWMUs and AOCs at the Silver Bow Plant and used the previous
environmental investigations to evaluate whether hazardous substances had been released from the
SWMUs and AOCs. Figures 1-4, 1-5 and 1-6 show the location of each SWMU and AOC. The
CCRA also identified data gaps that need to be addressed in the RFI. The data gaps are as follows:

e Impact of Sheep Gulch discharge to Silver Bow Creek

e Sheep Gulch surface water quality trends

e Sheep Gulch sediment quality

e Groundwater flow characteristics and water quality trends

e Groundwater use north and northwest of the Silver Bow Plant
e Background/Reference Area Soil Quality

e  SWMU-specific Soil Quality

A Phase 1 RFI Work Plan was developed to fill the data gaps identified by the CCRA and was
approved by U.S. EPA on November 2, 2009. The Final Phase 1 RFI Work Plan is a compilation of
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certain investigation activities that were approved by the U.S. EPA and implemented before the Final

Phase 1 RFI Work Plan was approved.

The October 2012 RFI Work Plan (Barr, 2012a) was developed to fulfill the data needs identified in
the Draft Phase 1 RCRA Facility Investigation Report (Barr, 2012b) submitted to the U.S. EPA in
July 2012, the Human Health Risk Assessment Work Plan (Exponent, 2012a), the Baseline
Ecological Risk Assessment Work Plan (Exponent, 2012b), and U.S. EPA comments to Rhodia (U.S.
EPA, 2011).

1.3 Previous Investigation Reports

This section summarizes the major findings of previous investigations performed at and near the
Silver Bow Plant. Comprehensive sampling locations and data from past investigation activities are
summarized on figures and tables in this RFI Report. Data qualifiers and footnotes to RFI Report
data tables are provided in Table 1-1. Laboratory analytical reports from previous Plant

investigations between 2006 and 2012 are included in Appendices 1-A through 1-F respectively.

This data from prior site investigations will reflect the impacts of releases that have occurred.
Comments on problematic aspects of data usability are noted in the CCRA (Barr, 2006) and in the
data usability assessment included in the Final Phase 1 RFI Work Plan (Barr, 2009), as directed by
U.S. EPA. For the CCRA (Barr, 2006), the data was evaluated in order to identify Constituents Of
Potential Concern (COPC) categories and parameters above screening levels based on the media
sampling data and release information, and provided an evaluation of site conditions based on the

major findings of the investigations.

1.3.1 Previous Investigations

A number of environmental investigations were conducted at the Silver Bow Plant. The findings of
these investigations are further discussed in detail in Section 5 of this report. The analytical data that
resulted from the various investigations was incorporated into a database to further evaluate and
summarize the data in a consistent format. The usable data from these investigations is presented in

this RFI Report.

1.3.1.1 Site Assessment and Scoring

The U.S. EPA performed a site screening study at the Silver Bow Plant in 1988. The results were
presented in a January 1989 report, Analytical Results Report, Stauffer Chemicals Company, Silver
Bow, Montana by Ecology & Environment, Inc. (Ecology & Environment, Inc., 1989). The results of
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that study were then used in the September 24, 1992 study, Site Inspection Prioritization, Stauffer
Chemical Company (URS Consultants, 1992), to assess the Silver Bow Plant site for National
Priority List (NPL) status. Based on this U.S. EPA study, the Silver Bow Plant was assigned a score
of 12.92 according to the PREscore process. The U.S. EPA and Montana Department of Health and
Environmental Sciences concurred in an October 7, 1992 letter declaring the Silver Bow Plant as
“Site Evaluation Accomplished”. Due to the low score, the site was not proposed for listing on the

NPL.

The site screening study included the installation of three shallow monitoring wells. The study also
included collection of groundwater samples, surface water samples from Silver Bow Creek and the
Beaver Pond, production well water samples, sediment samples from Silver Bow Creek and soil
samples from both onsite and offsite locations. The analytical data from these samples are
considered usable for the RFI Report, with the exception of the sediment samples collected from
Silver Bow Creek. Silver Bow Creek is a Superfund site not related to the Silver Bow Plant and has
been remediated by others. The sediment samples are no longer relevant to the current conditions of
Silver Bow Creek. The useable sample results are further discussed and presented in Section 5 of

this RFI Report.

1.3.1.2  Transformer Site Investigation Project

Special Resources Management, Inc. (SRM) was retained by Rhone-Poulenc Basic Chemicals to
perform a site investigation at the former transformer storage location at the Silver Bow Plant in
1993. The objective of this investigation was to evaluate if polychlorinated biphenyl (PCB)
contamination, above the U.S. EPA action level of 25 mg/kg (see 40 CFR § 761.61(a)(4)(1)(B)), was

present in the soils surrounding the transformer storage area.

The Transformer Site Investigation Project included collection of surface soil samples (10 cm x

10 cm x 1 cm), and field screening using PCB immunoassay analyses. SRM used the field screening
results on 35 samples to select five locations for analytical sample collection. The immunoassay
analyses did not correlate well with laboratory results, so the field screening results are viewed as
general indicators, rather than surrogates for laboratory analysis. These five samples were analyzed
for PCBs at an independent laboratory. PCBs were not detected above the U.S. EPA action level of
25 mg/kg.

A soil sample was collected beneath the dismantled and removed PCB transformer storage shed

(SWMU 21 on Figure 1-5) in 1994. The Transformer Site Investigation Project, the subsequent
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sample from beneath the dismantled PCB storage shed along with the additional samples collected as

part of the RFI are further discussed and presented in Section 5.5.21 of this RFI report.

1.3.1.3  Tailing Pond and Groundwater Review

A Silver Bow Plant study, published in an October 1996 report called Silver Bow Facility Tailings
Pond and Groundwater Review (Tilman and Nemanic, 1996) addressed the quality of the water
supply at the Silver Bow Plant. This review considered quarterly groundwater monitoring data from
the Plant production wells that Rhone-Poulenc had collected and reported to Montana Department of
Environmental Quality (MDEQ) since 1983. This monitoring and quarterly reporting was a
requirement placed on the Plant when the Montana Water Quality Bureau granted the Silver Bow

Plant an exemption from groundwater discharge permitting requirements regarding the tailing basin.

Silver Bow Facility Tailings Pond and Groundwater Review (Tilman and Nemanic, 1996) discusses
the status of the tailing basin as of the 1996 report date, site geology and hydrogeology, the water
discharge to the tailing basin, return water, and production well water quality. The water quality of
the water discharged to the Tailing Basin and the quality of the return pond water that was reused in
the production process is further discussed in the Groundwater and Tailing Basin and Water
Recirculation System (Sections 5.3 and 5.5.1) sections of this report. The production well
monitoring program consisted of monthly sampling of production wells RP-W-1, RP-W-4, RP-W-5,
RP-W-6 and RP-W-7, and the Plant tap water. The monthly water quality data was averaged for each
quarter and reported to the Montana Water Quality Board.

Rhoéne-Poulenc contracted Hydrometrics to sample the three shallow monitoring wells (installed
during the U.S. EPA’s site screening study) in September 1994. These sample results were consistent
with the laboratory reports (but not the erroneous summary tables) published in the U.S. EPA’s 1989
site screening study. The analytical results are further summarized and presented in Section 5 of this

RFI report.

1.3.14 Voluntary Cleanup Plan

The 1999 draft Voluntary Cleanup Plan (VCP) (Barr, 1999) presented the proposed closure plan of
the Rhodia Silver Bow Plant under the Voluntary Cleanup and Redevelopment Act (VCRA) of the
State of Montana. The VCP was submitted in draft to MDEQ and was neither commented on nor
approved by MDEQ. The VCP addresses required elements of a VCRA voluntary cleanup plan, and

included copies or references to previously published studies pertaining to this facility.
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From 1997 through 1999, Rhodia conducted investigations at the Silver Bow Plant in preparation for
submission of the VCP and final closure of the Plant. In order to develop appropriate closure plans,
the objectives of the investigations were to characterize the following: geology; groundwater and
surface water flow patterns; quality of shallow and deep groundwater; quality of surface water;
potential leaching from site materials; physical characteristics of the tailing; quality of water in the
tailing basin; hydrogeologic properties influencing shallow groundwater flow; and aquifer parameters

influencing arsenic transport.

The 1997 groundwater and surface water investigation was designed to characterize the shallow
groundwater flow patterns, groundwater and surface water quality, and provide environmental
characterization information needed to evaluate Plant closure alternatives. The investigation
included placement of 12 monitoring wells and six other borings, collection of 14 groundwater and
five surface water samples, other testing, and review of past groundwater and surface water sample

data from the Silver Bow Plant.

A radiological survey (Appendix 1-G) was performed in 1997 as part of the VCP investigation. Two
previous radiation studies pertinent to the Silver Bow Plant, but much more narrowly focused, had
also been performed. One study involved sampling at the Silver Bow Plant (Appendix 1-H); the
other study looked at the use of slag (such as that produced at the Silver Bow Plant) in street
construction (Appendix 1-I). (see Section 2.5.2.3.5 regarding slag and Sections 5.4.1 and 5.5

regarding soil and site materials for reviews of the radiological survey findings).

In 1998, water sampling was repeated and expanded to include 15 monitoring wells (the 12 placed in
1997 and the three U.S. EPA wells), five production wells, and eight surface water samples. The
results of this investigation were incorporated in the VCP Report. The groundwater data is further

discussed and included in Section 5.3 of this RFI report.

A groundwater model was prepared in 1999 in order to integrate surface water and groundwater flow,
quality information from the site, and to predict future arsenic groundwater quality for closure
scenarios. The groundwater fate and transport model focused on arsenic, the parameter of greatest
combined mobility and toxicity. The industry-standard models MODFLOW and MT3DMS were
used to model groundwater flow and arsenic transport, respectively. The model represented both the
regional and the site groundwater and surface water flow systems, and was calibrated using observed
water levels, groundwater discharge estimates, and the observed arsenic distribution. The details of

the modeling effort are presented in Appendix 1-J.
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The 1999 investigation was designed to provide site-specific data for groundwater flow
characterization along the buried channel of Sheep Gulch and in the vicinity of the tailing basin, and
to assess the site-specific arsenic sorption properties of the soils beneath the tailing basin in order to
better understand fate and transport of arsenic in the aquifer. The 1999 investigation included
placement of two pumping wells, two piezometers, and 13 soil borings. Two groundwater samples
were collected from each pumping well. Samples were also collected from three other monitoring
wells and one surface water station. The investigation included pump tests at the two pumping wells

and specific capacity/recovery rate tests at four monitoring wells.

In addition, Silver Bow Creek stream flow measurements were made, which show gains in stream
flow from groundwater inflow. Other testing included tailing and soil sample leach tests and total
analysis for selected parameters. Finally, surface water and groundwater samples collected from
seven locations were analyzed for elemental phosphorus. Most of this information was collected in
support of the groundwater modeling process, and the 1999 study results as well as the groundwater

model were published with the draft VCP report.

The radiological study results and pertinent sample locations are presented in Section 5. The
analytical data resulting from samples collected during the VCP investigations are summarized along

with data from the other reports in the data summary tables provided in Section 5 of this RFI report.

1.3.1.5 Pre-closure Groundwater Monitoring Report

Rhodia implemented a pre-closure groundwater monitoring program to characterize the shallow
groundwater quality in the immediate vicinity of the clarifier and the used carbon brick and furnace liner
pile for the purpose of determining whether releases have occurred. Groundwater quality was
characterized through an iterative monitoring program consisting of three successive rounds of
monitoring well installation and groundwater sampling: October 2001, January 2002, and September
2002. Rhodia prepared a cumulative report after each sampling event and submitted the report to the
Agencies (U.S. EPA and MDEQ) for comments. Rhodia responded to each comment and obtained

U.S. EPA approval prior to conducting subsequent pre-closure groundwater monitoring activities.

A U.S. EPA contractor (Tetra Tech) collected split samples during the January 2002 sampling event and
analyzed each sample at U.S. EPA’s independent laboratory. This analytical data was incorporated into

the subsequent Pre-closure Groundwater Monitoring Report (Barr, 2002).

The pre-closure monitoring work and associated data were most recently summarized in a December

2002 report (Barr, 2002). Groundwater quality was characterized through an iterative monitoring
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program consisting of three separate sampling events including placement of eight new monitoring
wells ( MW-01-1, MW-01-2, MW-01-3, MW-01-4, MW-01-5, MW-01-6, MW-02-1, and MW-02-2)
and sample collection at two previously constructed monitoring wells (MW-97-5 and MW-97-7). The
analytical data for this investigation are further discussed and included in Section 5 of this RFI
report. The analytical data for the split samples collected by Tetra Tech are consistent with the

original analysis (Tetra Tech, 2002).

1.3.1.6  Additional Groundwater and Surface Water Data Collection

Additional groundwater and surface water samples were collected by Rhodia in 2002, 2004, and 2005.
The 2002 data were reported to the MDEQ and the U.S. EPA in a letter dated February 3, 2003. Two new
monitoring wells, MW-02-3 and MW-02-4, were placed in the northwest portion of the Silver Bow Plant
property in 2002. The purposes of the well installation was to better understand the groundwater elevation
and quality in this area, and to evaluate whether the domestic wells, northwest and potentially
downgradient of the site, were being adversely affected by groundwater from the Silver Blow Plant site.
The wells were sampled on October 9, 2002. The groundwater sample data is included in Section 5.3 of

this RFI report.

Sampling was performed at two surface water stations on September 9, 2002: SW-6 on Sheep Gulch and
SW-5 at the Beaver Pond. No other Sheep Gulch surface water samples were collected because there was
no flow at the other Sheep Gulch surface water stations (SW-4, SW-3, and SW-1) or at the Sheep Gulch
tributary surface water station, SW-2. The purpose of this sampling was to obtain additional data at these
surface water locations under conditions of no surface flow in much of Sheep Gulch. The September 2002

surface water sample data are included in Section 5.1 of this RFI report.

The two northwest monitoring wells, MW-02-3 and MW-02-4, were sampled again on October 22, 2004,
as proposed in the August 27, 2004 draft CCRA. The sample data were reported to the U.S. EPA and
MDEQ in an e-mail dated November 18 and a conference call on November 23, 2004. The two
monitoring wells and five other site monitoring wells were sampled on January 10 and 11, 2005.
Monitoring wells MW-02-3, MW-02-4, MW-97-3, MW-97-4, and PW-99-1 were sampled on January 10,
2005 and MW-97-10 and MW-97-11 were sampled on January 11, 2005. The results of the sampling
were transmitted to U.S. EPA and MDEQ in an e-mail dated March 4, 2005. The groundwater sample
data is included in Section 5.3 of this RFI report.

The two northwest monitoring wells, MW-02-3 and MW-02-4, were sampled again on April 12, 2005,
and October 30, 2005. The results of these sampling events were transmitted to U.S. EPA and MDEQ in
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letters dated June 27, 2005 and January 3, 2006. The groundwater sample data is included in Section 5.3
of this RFI report.

1.3.1.7 Expanded Site Investigation

U.S. EPA Region 8 authorized Booz Allen Hamilton (Booz Allen) to conduct an Expanded Site
Investigation (ESI) at the Silver Bow Plant in 2003. The purpose of the ESI was to gather new data
and update existing data for re-evaluating the Rhodia site with respect to U.S. EPA’s Hazard Ranking
System criteria (Booz Allen Hamilton 2004).

Booz Allen conducted a field program to collect samples of onsite wastes, onsite and offsite
groundwater, surface water and sediment, and surface soils. The field work was conducted from July
15 to July 24, 2003. The field program consisted of collection of thirteen groundwater samples, eight
surface water/sediment sample pairs, one onsite surface water sample, seven surface soil samples
from offsite communities, six sediment samples in the tailing basin, five waste-pile samples, four
background/reference soil samples, one clarifier solids sample, and one clarifier water sample. The
ESI reported results for a sample called ESI MW-02-3, but that sample was a duplicate of the

ESI MW-01-2 sample, and was not a sample from the monitoring well MW-02-3. Sample results
from the ESI are included and discussed in Section 5 of this RFI report.

1.3.2 Other Data Sources

1.3.2.1 SSTOU

The Streamside Tailings Operable Unit (SSTOU) of the Silver Bow Creek/Butte Area Superfund Site
lies just north of the Plant’s northern boundary, across German Gulch Road. The SSTOU contains
wastes from past mining and milling activities in the area. MDEQ has assumed the responsibility for
this Superfund Remedial Action. The wastes were deposited along Silver Bow Creek, which flows
approximately parallel to the Facility's northern boundary. Remediation activities for the SSTOU
were driven by the Comprehensive Environmental Responsibility, Compensation and Liability Act
(CERCLA). Completed activities at the SSTOU include removal of streamside tailings and stream
channel reconstruction (U.S. EPA, 2005). The objective of the work was to remove contaminated
tailings, impacted soils and sediment until the order-of-magnitude criteria decrease in contaminant
concentration is met. This order-of-magnitude criteria is generally intended to achieve the following

metals levels, according to the State’s project manager (Chavez, 2004):
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e Arsenic generally less than 200 mg/kg.

e (Cadmium generally less than 20 mg/kg.

e Copper, lead, and zinc generally less than 1000 mg/kg.
e Mercury generally less than 10 mg/kg.

The remaining tailings were covered with clean fill materials and vegetated.

There have been extensive investigations over an extended period of time for the SSTOU Superfund
Site. The U.S. EPA has collected media samples to establish and characterize hazardous constituent
concentrations in background/reference areas for the SSTOU. A number of soil, sediment,
groundwater, and surface water samples were collected, including a number of samples in the reach
of Silver Bow Creek north of the Rhodia Silver Bow Plant. These samples were not analyzed for

elemental phosphorus.

The 1993 SSTOU background/reference area sampling included collection of 34 surface soil samples
and 21 groundwater samples collected from domestic wells located outside the influence of the

SSTOU.

The SSTOU investigation included sampling Silver Bow Creek and its tributaries under a variety of

flow conditions over several years.

The SSTOU investigation included placement of monitoring wells astride Silver Bow Creek north of
the Silver Bow Plant (Titan 1994). Data and figures for this sampling are further discussed in Section

5 of this RFI report.

1.3.2.2 REC Plant MPDES Permit

The REC Advanced Silicon Materials, Inc. (REC Plant, former ASiMI plant), performed an
investigation to obtain groundwater quantity and quality information from their property located
adjacent to the south side of the Silver Bow Plant. Water quality information for shallow
groundwater monitoring wells was provided by the REC Plant to Rhodia and is discussed in Section
5 of this RFI report. REC also obtained a Montana Pollutant Discharge Elimination System
(MPDES) permit for discharge to Sheep Gulch (the water is discharged to a tributary, which joins
Sheep Gulch south of the Rhodia property). The REC Plant water quality discharge limits are
relevant as to acceptable water quality in that drainage way and evaluation of conditions at the Silver

Bow Plant.
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In February 1998, the REC Plant placed two monitoring wells along a tributary to Sheep Gulch; the
wells are located upstream and, for groundwater, upgradient of the Silver Bow Plant. These wells
were placed in fluvial valley deposits beneath Sheep Gulch, as evidenced by the 5 to 20 feet of sand,
gravel, and silt reported to be present at the ground surface in the boring logs for the wells. The REC
Plant monitoring wells are further discussed in Section 5 of this RFI report. Similar fluvial deposits
were encountered in the historical location of Sheep Gulch beneath the tailing basin at the Silver

Bow Plant.

The REC Plant obtained an MPDES permit from the State of Montana to discharge treated process
wastewater and storm water to Sheep Gulch. The allowable discharge concentrations (30 day
averages) and allocated average loading under the final limits, applicable after November 2000 are as
follows (based on a 1.5 million gallon per day discharge): arsenic, 0.018 mg/L (77 g/day loading),
cadmium, 0.0034 mg/L (15 g/day loading), and fluoride, 4.0 mg/L (17,700 g/day loading).

The MPDES permit also requires submittal of monthly discharge monitoring reports. The data are
entered into U.S. EPA’s Permit Compliance System (PCS) database. Additional discussion about the

REC plant wastewater discharge and groundwater quality is provided in Section 5.3.2.

1.4 Report Organization

This report is organized into seven sections, including this introduction.

e Section 2 summarizes site background information including: facility operations; plant
demolition; land use and surrounding area; regulatory history and environmental compliance;
waste streams, SWMUs and AOCs.

e Section 3 provides the site conceptual model and includes a discussion of the geology,
hydrogeology and hydrology of the site at both a regional and site level.

e Section 4 provides an evaluation of the background data collected for surface water,
sediment, soil and groundwater.

e Section 5 summarizes RFI results and includes a discussion of remedial investigation
activities conducted at the site between and an evaluation the collected site data

e Section 6 contains a discussion of recommendations.

References are provided within each individual section.
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Table 1-1
RFI Report Data Qualifiers and Footnotes
RFI Report 2012
Rhodia Silver Bow Plant

Normal sample

Field duplicate

Sample separated and sent to additional laboratory for duplicate analysis

Maximum contaminant level

Method detection limit

Maximum method detection limit

Reporting detection limit

Upper Confidence Limit of the mean of combined 2010 background/reference area data and ESI background data set. Used
ProUCL selected UCL.

Potential false positive value based on blank data validation procedures.

Potential false positive value based on blank data validation procedures.

Coeluting compound

Estimated value. Exceeded the instrument calibration range.

EPA recommended sample preservation, extraction or analysis holding time was exceeded.

The analyte was positively identified and the associated numerical value is the approximate concentration of the analyte in the
sample (due to either the quality of the data generated because certain quality control criteria were not met, or the concentration
of the analyte was below the CRQL)

The sample results are unusable due to the quality of the data generated because certain criteria were not met. The analyte may
or may not be present in the sample.

Potential false positive based on statistical analysis of blank sample data.

Equipment malfunction

Some aspect of QA/QC was not met.

Historical qualifier - definition is unknown.

The historical result had no available laboratory reporting limit but the result was non-detect.

Not analyzed/not available.

Parameter was not detected at the RDL. If the parameter was not detected at the RDL, the RDL was selected as the maximum
concentration. See summary table for additional information, including parameter-specific RDL.

Estimated value. QA/QC criteria not met.

There are only 5 detected values in this data. It should be noted that even though bootstrap may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions.

MT DEQ-7 Aquatic Life Standards, Acute and Chronic, or these metals are expressed as a function of total hardness (mg/I,
CaCO0g). The values displayed in the chart correspond to a total hardness of 25 mg/I. The hardness relationships are:

Acute= Chronic=
exp.{ma[ln(hardness)]+ba} exp.{mc[In(hardness)]+bc}
ma ba mc Bc
Cadmium 1.0166 -3.924 0.7409 -4.719
Copper 0.9422 -1.7 0.8545 -1.702
Chromium IlI 0.819 3.7256 0.819 0.6848
Lead 1.273 -1.46 1.273 -4.705
Nickel 0.846 2.255 0.846 0.0584
Silver 1.72 -6.52 - e
Zinc 0.8473 0.884 0.8473 0.884

Note: If the hardness is <25mg/L as CaCOg, the number 25 must be used in the calculation. If the hardness is greater than or
equal to 400 mg/L as CaCO83, 400 mg/L must be used in the calculation.
MT DEQ-7 Aquatic Life Standards, Acute and Chronic, for pentachlorophenol is dependent on pH. Values displayed in the chart
correspond to a pH of 6.5 and are calculated as follows:

Acute = exp[1.005(pH) - 4.869] Chronic = exp[1.005(pH) - 5.134]

MT DEQ-7 Human Health Standards. The concentration of iron must not reach values that interfere with the uses specified in the
surface and ground water standards (17.30.601 et seq. and 17.30.1001 et seq.) The Secondary Maximum Contaminant Level of
300 micrograms per liter which is based on aesthetic properties such as taste, odor, and staining may be considered as guidance
to determine the levels that will interfere with the specified uses.

MT DEQ-7 Human Health Standards. The concentration of manganese must not reach values that interfere with the uses
specified in the surface and ground water standards (17.30.601 et seq. and 17.30.1001 et seq.). The Secondary Maximum
Contaminant Level of 50 micrograms per liter which is based on aesthetic properties such as taste, odor, and staining may be
considered as guidance to determine the levels that will interfere with the specified uses.

MT DEQ-7 Human Health Standards. The human health criteria for arsenic is the more restrictive of the risk based level of 1 in
1000 [1x10-3], or the MCL.
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January 21, 1999

Mr. Jim Langseth

Project Manager

Barr Engineering Company
8300 Norman Center Drive
Minneapolis, MN 55437-1026

Radiological Assessment
Rhone-Poulenc Silver Bow Plant

Dear Jim:

This letter report presents the results of a Radiological Assessment at the Rhone-Poulenc Basic
Chemicals Company Silver Bow Plant. TREC Inc. (TREC) is incorporating comments and
finalizing the radiological assessment document originally prepared by SECOR International
Incorporated. As outlined by Barr’s request for proposal, dated October 30, 1997, the two
primary objectives for the site radiation survey are: (1) to provide data that may be used to
determine if protection is required for workers on site during site closure; and (2) to provide data
to determine potential exposure levels at the site for potential recreational users following closure.

Four main tasks were performed for this radiological assessment including:

Review of existing data;

. Additional site survey and sampling;
. Determination of background radiation in the area surrounding the facility; and
. Summary of data results identifying sources of radiation and the corresponding

radiation levels.

These tasks and associated calculations and results are discussed in greater detail in the following

sections.
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Our evaluation of the site indicates that the current dominant source of gamma radiation exposure
at the site is slag. There are no regulations that directly apply to emissions of naturally occurring
radioactive materials (NORM) (gamma radiation and radon) from an elemental phosphorous
facility. However, EPA Region X, in conjunction with a Technical Work Group comprised of
other state and federal agencies and representatives of industry, local communities and Indian
tribes, has developed guidelines applicable to radiation levels from phosphorous slag. These
guidelines require no protective actions for individual doses of less than 100 mrems/year.
Modeling indicates that the dose from existing site source materials at the Silver Bow Plant is
approximately 28 mrems/year above background for a reasonable recreational exposure scenario
(EPA, 1996; SITWGS, 1996). Workers will likely require protection against inhalation of dust

during facility closure and demolition.

This letter report is divided into four main sections. The first provides a review of existing data
reports pertaining to the Rhone-Poulenc Silver Bow Plant. The second main section describes
site sampling methodology and procedures used for this radiological assessment. A summary of
the analysis of the data collected during sampling efforts is presented in the third main section and
the fourth section provides recommendations for closure based on the data evaluated.

Review of Existing Data

Two previous public reports have addressed radiological conditions related to the Rhone-Poulenc
Silver Bow Plant. The first is a study of facility emissions conducted by EPA in 1982 (EPA,
1982). The EPA study focused on radioactive emissions from the active processes in the plant (at
that time, the Stauffer Elemental Phosphorus Plant), but included some data relevant to this
assessment. The relevant data include concentrations of radionuclides and radon emissions from
ore, ore nodules, slag and facility soils. These data are summarized in Table 1. This study
identified that although slag contained approximately as much radium-226 as the original ore, the
ore was a significant source of radon and the slag was not. Radon flux from the ore was
measured at rates over 60 pCi/m’-s and flux rates from slag were approximately 0.06 to 0.5

pCi/m’-s. Gamma radiation exposure rates on the slag pile were reported to average 150 pR/hr
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and ambient background was identified to be approximately 10 pR/hr. The remainder of the

results in the report relates to processes at the facility that are no longer operational.

The second report, prepared by the MDEQ in 1983, primarily addressed the radiological
conditions off-site in Butte, Montana, where slag from the Silver Bow Plant (at that time, the
Stauffer Chemical Company) had been used as fill and construction material and is not relevant to
this investigation. However, the report does contain data for raw slag samples from the facility.

These data are relatively similar to those collected by the EPA. These values are summarized in

Table 1.
Gamma Radiation Survey and Sampling

An additional site radiological survey and sampling was performed over a four-day period from
November 18 through 21, 1997, to collect data to estimate potential worker and post-closure
recreational user exposure to NORM from the site. Previously available data (MDEQ, 1983;
EPA, 1982) primarily relate to air quality monitoring of the operating plant and off-site use of
slag. Therefore, additional data were required to appropriately determine exposure potential.
Thirteen potentially impacted and eight background areas were surveyed for gamma radiation
(Tables 2 and 6, respectively). Nine material types were sampled to provide radiological data for
exposure modeling and site characterization. The materials sampled include: coarse and fine slag,
facility soils, ore, process area, soils, tailings (pond sediments) roaster residue, building dust and
background soils (see Table 3 for description of sample locations). The following subsections

describe the radiological survey and sampling efforts in greater detail.
Site Field Gamma Radiation Survey

The field gamma radiation survey was conducted during the period November 18 through 21,
1997. A scintillation survey meter (Ludlum Model 19), calibrated against a pressurized ionization
chamber, was used to collect a total of 793 gamma radiation exposure rate measurements on the
site. The data collected during this survey are provided in Attachment A. A statistical summary
of the data is provided in Table 2 and Figure 1 identifies average gamma radiation exposure rates

for each area surveyed.
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Background Field Gamma Radiation Survey, Sampling and Analysis

Applicable guidance, described below, defines the allowable on-site gamma radiation exposure in
terms of exposure rates or concenirations “in excess of” or “in addition to” background.
Therefore, background exposure rates and radium activity (concentration) were measured to
determine numerical closure criteria for gamma radiation exposure and radium. The average
background gamma radiation exposure rate at the site was determined from 213 separate gamma
radiation survey measurements taken at eight locations outside of the immediate facility area and
outside of the area of radiological influence of the facility. The background locations were sited
primarily along the site boundary fence and are shown on Figure 1 and on the field map in
Attachment A. Table 6 presents a summary of the direct exposure rate measurements from these
eight sites measured in the field. The arithmetic mean of all background gamma radiation

exposure measurements was 19 uR/hr.

Sampling and Analysis for Radiological and Geotechnical Parameters

Twenty-nine samples representing potential source and background materials were collected
during the field investigation to determine radiological and geotechnical properties necessary for
comparison to federal radiation regulations and to evaluate radiological exposure of site workers

and post-closure recreational users of the site. Samples were collected from:

. Stockpiled facility materials and by-products (coarse and fine slag, tailings and

roaster residue);

o Soils within the process, ore storage and general facility areas;
. Dust in the process buildings; and
. Background areas.

Table 3 provides a summary of the location and number of samples collected. Analytical results

are summarized in Tables 4 and 5 and the laboratory data are included in Attachment B.
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The 29 samples were sent to Colorado State University in Fort Collins, Colorado, for gamma-ray
spectral analysis. The results of the radiological laboratory analyses are summarized in Table 4.
Activities of radionuclides measured and calculated by this analysis are required to calculate dose
and potential risk from radionuclides that may be associated with future site use and to determine
site closure requirements. All site soil samples and other materials collected for gamma-ray
spectral analysis were dried, ground, sealed in cans and allowed in-growth of radon-222 and

short-lived daughters before counting.

Five samples split from the 29 described above and representative of the primary radiological
sources and background soils (potential cover materials) were submitted for geotechnical analysis
to Montana State University and Gaston Engineering in Bozeman, Montana. Results of the
geotechnical analyses for various potential source and background materials are presented in
Table 5. Geotechnical parameters were determined from these materials for determination of

potential site closure requirements.

Investigation Results

The results of radiological analyses of representative site materials, summarized in Table 4,
include measured activities of radium-226, uranium-238, and thorium-232. Activity
measurements for other radionuclides were calculated from these measured activities, using decay
series relationships. These calculations indicate that other potential radionuclides exist at
activities below levels of concern. The only calculated radionuclide activity that was above the
Jlower detection limits is that of cesium-137, which is typically still present in surface soils within
the Western United States due to nuclear weapons testing and the Chernobyl fire fallout.
Uranium and thorium activities for site materials reported by EPA (1982) are similar to those
measured during this investigation. Uranium and radium activities sampled from potential sources
are above background levels of typical soils found in the Western U nited States. Activities in site

background samples are similar to typical soils (Turner, 1992).

Both direct field gamma radiation survey measurements (Table 2) and laboratory radiological
analyses (Table 4) indicate that the most significant source of gamma radiation at the site is the
slag. Previous investigations (EPA, 1982; MDEQ, 1983) found that slag and ore were considered
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to be the most significant concentrations of radium and uranium, sources of gamma radiation.
However, very little ore is currently left on-site as it was processed prior to cessation of
operations at the facility. This leaves slag as the only significant source of gamma radiation.

The relative magnitude of the field gamma radiation survey exposure rate readings for the
different areas of the site and the concentration of radium-226 in samples primarily reflect the
relative amount of slag mixed with other site materials. This is most clearly illustrated through
comparison of the average field survey exposure rate for “Facility Soils,” 28 pR/hr, and the
average rate for “Mixed Use with Slag,” 61 uR/hr (Table 2). T he only distinction between these
two areas is that “Facility Soils” are disturbed areas without visible slag and “Mixed Use with
Slag” areas were disturbed areas with visually identifiable slag. The Railroad Grade, Excavated
Cells, and Dikes/Road areas were largely comprised of visually identifiable slag mixed with

varying amounts of native materials.

As previously stated, there are currently no stockpiles of ore on site. Four samples of nodular ore
and soil/ore mixtures were collected to represent the residual ore and ore storage areas as they
currently exist. Sample ORE1 was a nodular ore sample from a small residual pile located at the
southern extreme of the site. Samples ORE2 through ORE4 were samples of the soil in the
former ore storage areas. ORE] had the highest radium-226 activity of any samples collected and
analyzed in 1997 (42 pCi/g), (see Table 4). This corresponds with the conclusions of the EPA
(1982) and MDEQ (1983) reports that the ore was a significant source of ionizing radiation. The
relatively lower values of measured radium-226 activities in the soil samples [ORE2 through
OREA4] from the ore storage area (i.e., 18, 17 and 30 pCi/g, respectively), (see Table 4) indicate
that while ore stockpiles have been removed from the storage area, residual amounts of radium
remain mixed in the soils of that portion of the site. Field survey exposure rate readings of the ore
storage area are also elevated over background (ie., 95 uR/hr compared to 19 pR/hr for
background). However, the readings are intermediate between background and the exposure rate
readings of the slag areas, supporting the interpretation that residual ore is mixed with soils and

other materials in the former ore storage areas.
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Field survey exposure rate readings were made in three process pond cells from which the
contents had been excavated: Cells J, T and L (see Figure 1 for location). Average field gamma
radiation survey readings in these cells (144, 113, and 80 pR/hr, see Table 2) indicate that residual

tailings and slag materials remain and provide a significant source of gamma radiation relative to
background. However, some component of the field readings in each of the three cells is likely
due to the influence of slag in the nearby roads and dikes and backfill in the cells.

At the instruction of personnel from Rhone-Poulenc, the revegetated tailings located west and
east of the ponds (see Figure 1 and field map in Attachment A for location) were surveyed and
sampled as representative of pond sediments. The reclaimed tailings exhibited moderate field
gamma radiation exposure readings with an average of 69 pR/hr, which is intermediate to slag

and background exposure readings.
Evaluation of Potential Closure Requirements

There are no regulations that directly apply to emissions of NORM (gamma radiation and radon)
from an elemental phosphorous facility. However, EPA Region X, in conjunction with a
Technical Work Group, has developed guidelines applicable to radiation levels from phosphorous
slag. The Technical Work Group included:

o EPA,

e The State of Idaho,

o FMC,

e Monsanto,

e The Shoshone-Bannock Tribes,
e The ASTDR, and

e The communities of Soda Springs and Pocatello, Idaho.
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These guidelines identify that for individual doses which exceed 500 mrem/year including
background, additional protective action is recommended if a reduction of at least 100 mrem/year
can be achieved. It is recommended that additional protective action be undertaken for doses
between 100 mrem/year above background and 500 mrem/year including background, if a
reduction of at least 100 mrem/year can be achieved. No protective actions are recommended for
individual doses of less than 100 mrems/year above background. Therefore, the site survey and
laboratory analyses were used, in conjunction with exposure assumptions, to calculate the dose

commitment to site users based on current site conditions for comparison to these guidelines.

Department of Energy, Environmental Assessment Division software (RESRAD, v.5.2) was used
to estimate potential exposure using the results of site sample radiological and geotechnical
analyses as input parameters. Table 7 provides a summary of current radiological conditions at
the site based on laboratory analyses of samples collected in November 1997. Full output from
RESRAD is included in Attachment C.

The RESRAD program was run to provide an estimate of the dose to potential recreational users
of the site based on current conditions for use in making site closure decisions. The model of
radiation dose commitment with RESRAD conservatively used slag, the greatest source of
radiation at the site, to represent the risk related to radiation from materials at the site. As
detailed in Attachment C, the incremental dose (above background) calculated for recreational use
of the slag area was found to be 28 mrem/year. This is based on a measured radium activity for
the slag of 38 pCi/g (see Table 7) and an exposure scenario consistent with post-closure
recreational use of the site. It should be noted that RESRAD and other risk assessment
methodologies for radiation assume the risk of incurring either cancer or hereditary effects is
linearly related to dose received in the relevant tissue (Gofman, 1981). Therefore, changes in
inputs to the model related to activities (concentration) of radionuclides or duration of exposure

will have a linear effect on the calculated dose (risk).

Based on this model and a recreational end land use, no additional measures would be required to
meet the guidelines established by EPA Region X for slag from elemental phosphorous

production in Idaho.
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Closing

The radiological assessment found that the dominant source of gamma radiation at the site is slag.
The other materials at the site reflect relative mixtures of sources of gamma radiation (slag and
residual ore) with native or other materials. However, based on appropriate exposure
assumptions for a recreational end land use, and applying EPA’s guidelines for phosphorous slag

in Idaho, no additional measures are required to control radiation dose from these materials.

Additionally, thermoluminescent dosimeters (TLDs) were placed at the site during the field
investigation in order to provide integrated field gamma radiation exposure values for correlation
with the instantaneous field readings. The TLDs should be collected and analyzed in February
1998.

Please contact us to discuss the results presented in this letter report, answer any questions that
you may have about the radiological assessment and determine when it would be convenient for
you to have TREC personnel collect the TLDs. If you have any other questions concerning this
transmittal, please call Matt Yovich or me at (406) 586-8364.

Sincerely,

TREC, Inc.

Douglass H. Graves, P.E.
Principal

cc: Cam Balentine, Rhone-Poulenc-MT (2 copies)

Jeff Lang, Rhone-Poulenc-NJ (1 copy)
203239



References



References

Berger, I.D., 1993. “Manual for Conducting Radiological Surveys in Support of License
Termination.” Prepared for U.S. Nuclear Regulatory Commission. December.

EPA, 1982. “Emissions of Naturally Occurring Radioactivity Stauffer Elemental Phosphorus
Plant.” U.S. Environmental Protection, Office of Radiation Programs - Las Vegas
Facility. November.

EPA, 1996. “May 1996 Fact Sheet, Southeast Idaho Phosphorus Slag.” May.
Gofman, J.W. “Radiation and Human Health,” 1981. ‘

Karhnak, J., 1998. Personal communication with John Karhnak, Director of U.S. Environmental
Protection Agency, Cleanup and Reuse Center of the Radiation Protection Division of the
Office of Air and Radiation, January 9, 1998.

Montana Department of Health and Environmental Sciences, 1983. “Evaluation of Radon
Sources and Phosphate Slag in Butte, Montana.” Prepared under EPA Contract No. 68-
01-6100. June.

Rogers, V.C., et. al., 1984. “Radon Attenuation Handbook for Uranium Mill Tailings Cover
Design.” Prepared for U.S. Nuclear Regulatory Commission. April.

Southeast Idaho Technical Work Group on Slag, 1996. “Graded Decision Guidelines for
Phosphorous Slag.”

Turner, James E., 1992. “Atoms, Radiation and Radiation Protection.”

U.S. Nuclear Regulatory Commission, 1989. “Calculation of Radon Flux Attenuation by Earthen
Uranium Mill Tailings Covers.” Regulatory Guide 3.64. June.

Yu, C., et. al., 1993. “Manual for Implementing Residual Radioactive Material Guidelines Using
RESRAD,” Version 5.0. Prepared for U.S. Department of Energy. September

Yu, C., et. al,, 1993. “RESRAD — A Computer Code for Evaluating Radioactively Contaminated
Sites.” Prepared by Argonne National Laboratory and U.S. Department of Energy.
December.



Tables



Table 1

Review of Existing Data
Radiological Assessment

Rhone-Poulenc Silver Bow Plant

a. Activity of Radionuclides in Process Materials

Activity (pCi/g)

Idaho Slag®

Source Media U-238 U-234 Th-230 Th-232 Ra-226
Phosphate Ore 26 26 43 0.19 24
Slag ! 24 24 47 0.57 28
Montana Slag @ 21 20 20 0.77 28
41 40 35 0.50 48

Notes:
(1) EPA, 1982
(2) MDEQ, 1983

pCi/g = picocuries per gram

Notes:
(1) EPA, 1982
(2) MDEQ), 1983

b. Radon Emanation Rates from Process Materials

Source Media

Rate
(pCi/mz-sec)

Facility Soils "

Ore (Top) )

Ore (East Berm) M

Ore (West Berm) "

Slag Pile V

Stauffer Phosphate Ore (Idaho)
Stauffer Crushed Slag (Idaho) @
Monsanto Phosphate Ore (Idaho)
Monsanto Uncrushed Ore (Idaho) @
Monsanto Crushed Slag (Idaho) @

0.30
0.88
5.17
0.60
0.06
63.7
0.3
56.7
0.3
0.5

pCi/m2-sec = picoCuries per meter-squared-second

EXISTDAT XLS/table t (1/12/98)




Radiological Assessment

Table 2
Summary of Radiological Field Gamma Survey Results

Rhone-Poulenc Silver Bow Plant

Y43
il »

g 8 a 2 .%D = - -1 L%

> < 2 = = 3 G 3 E

2 % | % 2 < 2] e O O S - £

= 3 2 3 a0 g e - o = & O

0N o0 — 7] il = L) Q @ @ [ =]

ks v > s a = £ s 5 = & K

§ wn = = A 3 = = > > g % =

o = = ] o = = & « 4 o

8 B 5 3 £ £ g 2 = = = = G

O = Z. = =) &~ = & = = i a 2

Average Exposure Rate (LR/hr) 145 140 11 28 85 46 61 69 144 113 80 114 70
Maximum (uR/hr) 170 150 138 55 125 60 115 80 150 115 95 150 105
Minimum (mR/hr) 100 100 65 17 45 25 33 50 130 110 65 60 40
Number of Samples 61 13 37 145 82 19 68 23 4 2 4 85 28
Standard Deviation (uR/hr) 16 13 20 6 15 8 17 6 9 4 12 21 19
Standard Deviation/Average ¥ 0.11 | 009 | 0.18 | 023 | 0.16 | 0.18 | 027 | 0.09 | 0.07 | 0.03 | 0.15 | 0.19 | 027

Notes:

(1) The "standard deviation / average" ratio is used to help illustrate the range of data relative to the value of the associated mean value.

pR/Mr = microRoentgens per hour
Background statistics summarized in Table 6.

RPDATA.XLS transect table




Table 3

Sample Locations

Radiological Assessment
Rhone-Poulenc Silver Bow Plant

Field

Sample Sample Exposure Rate

Number Type (1R/hr) M Location

CSL1 Coarse slag 155 South center of pile

CSL2 Coarse slag 150 East center of pile

FSL1 Fine slag 140 South West of pile

FSL2 Fine slag 145 North West of pile

DS1 Slag (north area) 120 Slag north of road

FS1 ~ Facility soil 21 East fence line

DS2 Facility soil 18 West of conveyor, S of Slag Piles

DS3 Facility soil Refractory brick

ORE] Ore (nodular) 50 South of slag piles

ORE2 Ore 100 Ore storage area

ORE3 Ore 90 Ore storage area

ORE4 Ore 110 Ore storage area

FS2 Process area 95 West of ore storage area

FS3 Process area 70 South East of silos

FS4 Process area 90 Equipment yard near RR tracks

ES5 Process area 42 By flagpole

WT1 Tailings 70 West reclaimed tailings

WT2 Tailings 68 West reclaimed tailings

ETI Tailings 70 East reclaimed tailings

ET2 Tailings 80 East reclaimed tailings

RRE Roaster residue 50 East of pile

RRW Roaster residue 50 West of pile

BLDG1 Building dust 24 Kiln building

BLDG2 Building dust 40 Feed building

BLDG3 Building dust 21 Silo building

BLDG4 Building dust 30 Furnace building

BLDG5S Building dust 26 Feed building

BGl1 Background 18 North West comer

BG5S Background 19 South East off-site
Notes:

uR/hr = microRoentgens per hour
(1) Exposure readings obtained with field gamma survey instrument (scintillation survey meter) at

sample location.

Radiological and geotechnical parameters for these samples are reported on Tables 4 and 5.

Rpdata /Samples (1/13/98)




Radium-226 Uraniumi238 Thorium{232
Sample Activity STD ¥ Activity STD ™ Activity STD*®
Number Sample Type (pCi/gram) (pCi/gram) (pCi/gram) {(pCi/gram) (pCi/gram) (pCi/gram)
CSLI ICoarse Slag 40 (0.94) 64 33.00 0.92 (0.91)
CSL2 Coarse Slag 39 (0.86) 22 (32.00) <0.46 N/A
FSL1 Fine Slag 38 (0.85) <18 N/A 1.2 (0.85)
FSL2 Fine Slag 38 (0.84) 52 (29.00) 0.49 (0.82)
IDS1 [Slag (north area) 38 (1.20) 34 (32.00) 0.59 (1.30)
FS1 Facility Soil 1.9 (0.40) <18 N/A 2.1 (0.70)
DS2 Facility Soil 1.5 (0.57) 67 (37.00) 1.8 (1.10)
DS3 [Facility Soil 3.6 047 <13 N/A 5 (0.86)
ORE 1 Ore (nodular) 42 (0.96) 15 (17.00) 0.26 (0.92)
ORE 2 Ore 18 (0.83) 45 (41.00) 0.62 (0.81)
ORE 3 Ore 17 (0.96) 66 (39.00) 0.68 (1.00)
ORE 4 Ore 30 (0.94) 69 {49.00) 0.44 [(1X3))
FS2 Process Area 37 (0.84) 71 (42.00) 0.34 (0.83)
[FS3 Process Area 17 (0.81) 62 46.00 1.3 (0.86)
FS4 Process Area 19 (0.83) 58 (37.00) 1.4 (0.34)
[FS5 Process Area 24 0.71) 62 (34.00) 14 (0.74)
WT1 [Tailings 22 (0.80) <18 N/A 0.67 (0.79)
WT2 [Tailings 23 (0.86) 40 40.00 0.73 (0.36)
ET] Tailings 32 (1.10) 35 (38.00) 0.94 1.20)
ET2 [Tailings 32 (0.99) <15 N/A 0.43 (0.98)
RRE [Roaster Residue 1.6 0.22) <6.7 N/A 0.16 (0.33)
{ cog_ﬁnucd)
Radium-226 Uraniumi238 Thorium{232

Sample Activity STD® Activity STD ™ Activity STD ™
Number Sample Type (pCi/gram) (pCi/gram) (pCi/gram) (pCi/gram) (pCi/gram) (pCi/gram)
IRRW Roaster Residue 1.2 0.27) 8.3 (15.00) 0.51 (0.41)
BLDG 1 Kiln Building 41 (1.00) 10 (16.00) 0.24 (0.99)
IBLDG 2 Feed Building 35 (1.10) 25 (35.00) 1.2 (1.10)
BLDG 3 Silo Building 4.8 (0.36) 56 (32.00) 0.022 (0.40)
BLDG 4 Furnace Building 20 (1.00) 49 (32.00) 0.87 (1.10)
IBLDG S Feed Building 39 (1.10) 56 (36.00) 0.52 (L.10)
BG1 Background 1.2 0.23) 9.5 N/A 1.6 (0.42)
IBG5 iBackeround 1.3 (0.28) 39 (32.00) 18 (0.54)

Notes:
) STD = Standard deviation

1196 standard devjation is due to counting ftatistics only.
Ci/gram = picoCJuries per gram

ki = less than

N/A = Not Applidabie




Table 5

Resull

s of Geotechinical Labor

ratorv Analyses

Radiological A

Rhone-Poulgnc Silver Bow Plant

Moi /Density
Relatidnship
Maximum Dry
Long-Term Moi: Bulk Dry Specific Porosity Density jOptimum Moi %0 Passing %0 Gravel J0 Sand

| Source Media Content (%) " Density (g/cm?) Gravity (%) iom’) Content (%) 200 Sieve Content Content
| Coarse Slae NA 1.6 2.16 025 NA NA NA NA NA
| [Fine Siag NA 1.6 2.52 0.35 NA NA NA NA NA
{Failinps 6.4 1.2 2.65 0.53 135 27.5 90.7 0 9
| IRoaster Residue NA 0.68 114 0.4 NA NA NA NA NA
_Backgmund Soils 14 1.38 264 0.48 1.78 12.5 487 NA NA

Wi

) Long-term averape dry weight percent moisture conient of tie material per ASTM D2325-08 and D3152-78

)_ASTM D-698

slcm’ = grams per cubic centimeter]

A - Not analyzed.




Table 6

Determination of Background Radiation

Radiological Assessment

Rhone-Poulenc Silver Bow Plant

Station/Sample Number BG1 BG2 BG3 BGNE BG4 BG5S BG6 BG7 | All Sites

Location northwest west southwest | northeast | southeast | southeast south west NA
corner off-site corner off-site corner off-site

Average Exposure Rate (uR/hr) " 18.2 18.0 18.1 18.0 19.3 19.3 17.9 18.9 19

Number of Samples 36 l 36 1 36 36 19 48 213

Standard Deviation (uR/hr) 0.5 NA 0.6 NA 0.8 0.8 1.3 1.7 1.3

Standard Deviation/Average 0.03 NA 0.03 NA 0.04 0.04 0.07 0.09 0.07

Notes:
NA = not applicable
tR/hr = microRoentgens per hour

RPDATA.XLS/Background




Table 7

Summary of Current Site Cond

litions

Radiological Assessment

Rhone-Poulenc Silver Bow P

lant

| Exposure to Ionizing Radiation (alculated by RESRAD

L‘\verage Radium Activity 38 pCi/g
lLand Use recreational
Dose Calculation Time Period 1 year

Resultine Calculated Dose (above ba

ckeround)

28 mrem/vear

2

otes:

Results reflect only the ground radiation pathway (groundshine).

Results were calculated for the medium with

the highest radium-226 activity (slag).

Iand nse assumptions were: adult recreation

al use, 8 hours per day. 30 days per year.

RESRAD = RESRAD v. 5.2 computer progs

am (Department of Energy, 1993)

Ci/g = picoCuries per gram

imrem = millircm, where rem is the dose-equj

valent unit "roentgen-equivalent-man”
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Attachment A

Field Survey Data and Statistical Summary



Data for Determination of Background Radiation

Radiological Assessment

Rhone-Poulenc Silver Bow Plant

Station/Sample Number BG1 BG2 BG3 BGNE BG4 BG5S BG6 BG7 All Sites
TLD4 TLD2 TLDI1 TLD3

18.0 162 18.0 25.0 19.0 185 17.5
18.2 18.0 20.0 18.0 17.0
190 19.0 18.5 18.5 18.0
17.5 18.0 19.0 19.5 19.5
18.5 185 18.5 19.0 19.0
18.0 18.5 19.5 18.0 17.5
18.5 17.5 18.5 19.5 17.5
19.0 175 19.0 20.0 17.0
183 18.0 18.5 19.0 17.0
18.5 18.5 18.5 19.0 19.0
17.5 19.0 19.0 19.0 17.0
17.0 18.5 19.0 18.5 16.5
183 16.5 19.5 205 16.0
18.0 17.5 19.0 20.0 18.0
182 180 18.5 19.5 19.0
17.5 19.0 19.5 19.0 18.5
19.0 19.5 18.0 19.3 155
19.0 18.5 20.5 193 20.0
19.0 17.5 19.0 21.0 200

18.5 175 18.5 190 21.0

17.5 18.5 19.0 18.5 19.5

T 18.6 180 20.0 18.5 18.0

17.5 190 19.0 19.0 18.0

18.5 18.0 19.0 19.3 17.0

19.0 180 185 215 17.0

8.0 17.5 19.0 20.5 16.5

185 17.5 19.0 20.0 17.5

18.0 17.5 20.5 19.2 18.0

18.5 19.0 20.5 193 19.0

18.5 18.0 20.5 19.3 18.5

18.0 18.5 19.0 19.5 18.0

190 17.5 20.0 19.0 20.0

17.6 17.5 19.5 19.0 21.5

18.0 7.5 200 19.0 21.0

18.0 18.0 210 19.0 21.0

18.0 18.0 205 195 20.0

20.0

20.0

21.0

225

19.0

22.0

220

22.0

21.0

22.0

20.0

18.0

18.5

17.5

16.5

17.0

17.0

17.5

17.0

19.0

Page 1 of 2
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Data for Determination of Background Radiation

Radiological Assessment

Rhone-Poulenc Silver Bow Plant

Station/Sample Number BG1 BG2 BG3 BGNE BG4 BG>5 BG6 BG7 All Sites
18.0
18.5
18.0
18.0
18.5
18.5
18.0
18.0
17.5
18.0
16.0
Location northwest west southwest | northeast | southeast | southeast south west NA
corner off-site comer off-site corner off-site
Average Exposure Rate (R/hr) 18.2 18.0 18.1 18.0 19.3 19.3 17.9 189 19
Number of Samples 36 1 36 1 36 36 19 48 213
Standard Deviation (uR/hr) 0.5 NA 0.6 ‘NA 0.8 08 1.3 1.7 1.3
Standard Deviation/Average 0.03 NA 0.03 NA 0.04 0.04 0.07 0.09 0.07
Notes:
NA = not applicable
pR/hr = microRoentyens per hour
Page 2 of 2
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Radiological Field Gamma Survey Results

Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (tR/hr)
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Al 55 |fence 55

110 |pile 110

75 75

70 nodules 70

90 nodules 90

125 nodules 125

70 nodules 70

100 100

68 |pipe slag 68

70 road slag 70

70 slag 70

150 |slag slag 150

155 islag slag 155

155 |slag slag 155

170 |slag slag 170

140 |slag slag 140

120 |slag slag 120

112 112

130 130

140 |E bank ditch 140

{50 W bank ditch 150

150 |E side Cell | Cell 150

110 |tloor of Cell | Cell 110

115 |floorof Celll Cell 1 115

145 |dike dike 145

130 |CellJ Cell J 130

150 |Cell) Cell) 150

145 |CellJ CeliJ 145

150 |W side Cell J Cell J 150

150 (dike btw Cells G/H 150

120 ldike btw Cells G/H 120

120 |dike btw Cells G/H 120

120 |dike btw Cells G/H 120

130 |dike btw Cells G/H 130

135 |dike btw Cells G/H 135

120 |dike btw Cells G/H 120

130 |dike btw Cells G/H 130

135 |dike btw Cells G/H 135

140 |intersection 140

125 |dike buw Cells E/G 125

136 idike btw Cells A/B 130

130 |dike btw Cells A/B 130

135 |dike btw Cells A/B 135

135 (dike btw Cells A/B 135

130 |dike btw Cells A/B 130

125 |dike btw Cells A/B 125

125 |dike btw Cells A/B 125

130 |dike btw Cells A/B 130
A2 | 130 |dike W side Cell A 130

68 [reclaimed tailings 68

70 |reclaimed tailings 70

72 |reclaimed tailings 72

70 |reclaimed tailings 70

78 |{reclaimed tailings 78

70 {reclaimed tailings 70

65 lreclaimed taihings 65

68 [reclaimed tailings 68

71 |reclaimed tailings 71

Page | of 10

RPDATAXLS Tramccts (1/11:98y



Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant
Readings in microRoentgens per hour (uR/hr)
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A3 ] 60 |[rectaimed tailings 60

50 |reclaimed tailings 50

70 {reclaimed tailings 70

80 |reclaimed tailings 80

75 |reclaimed tailings 75

70 |reclaimed tailings 70

75 |reclaimed tailings 75

75 [lreclaimed tailings 75

65 |reclaimed tailings 65
A4 | 70 |reclaimed tailings 70

29 29

24 24

22 22
A5 22 |fence 22

23 |berm 23

27 27

28 28

20 20

65 65
A6 | 90 |WdikeCellB 90

95 93

100 100

100 100

105 105

100 100

1060 100

100 |curve 100

110 . 110

105 105

100 100

110 110

110 110

110 110

110 110

110 110

110 110

105 105

100 100

110 110

110 10

120 120

110 110

110 110

115 115

120 {dike Pond C 120

120 ldike outlet pipe 120

110 110

100 100

115 115

120 120

120 120

110 110

115 Jintersection 115

1o 110

115 115
A7 ! 65 |E reclaimed tailings 65

65 |E reclaimed tailings 65

70 |E reclaimed tailings 70

72 |E reclaimed tailings 72

Page 2 of 10
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Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (uR/hr)

Exposure (mR/hr)

Field Comment

Coarse Slag

Fine Slag

Slag North of Road

Facility Soils

Ore Storage Area

Processing Area

Mixed Use, with Slag

Reclaimed Tailings

Excavated Cell J

Excavated Cell I

Excavated Cell L

Dikes/Road

Railroad Grade

»>1Transect

>

road

<

CellL

Cell L

Cell L

Cell L

Cell L

Cell L

Cell L

Cell L

100

110

1§14

120

130

A9

slag

150

150

140

130

W ditch bank

105

NE ditch crossing

140

100

E ditch bank

110

80

70

RR track

W edge debris pile

coke

coke

coke

coke

AlQ

RR track/fence

Bl

RR track

RR track

RR track

RR track

100

RR track

100

RR track

105

RR track

100

RR track

RR track/fence

50

RR track/fence

110

110

140

roaster residu

140

140

roaster residu

140

150

roaster residu

150

150

roaster residu

150

140

road

140

150

do not enter sign

pit slag

150

160

coarse slay

pit slag

160

160

coarse slag

pit slag

160

160

coarse slag

pit slag

160

160

coarse slay

pit slag

160

160

coarse slag

pit slag

160

160

coarse slag

pit slag

160

160

coarse slag

pit slag

160

160

coarse slag

pit slag

160

155

coarse slag

pit slag

155

150

coarse slag

pit slag

150

150

coarse slag

pit slag

150

REDATA.X1S Tramsccts (11 98)
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Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (LR/hr)

RPDATA XLN Tronects (1711 98)
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150 |coarse slag pit slag 150
140 {coarse slag pit slag 140
150 |coarse slag pit slag 150
150 |coarse slag pit slag 150
150 jcoarse slag pit slag 150
160 |coarse slag pit slag 160
140 jcoarse slag pit slag 140
150 |coarse slay pit slag 150
135 |coarse slag pit slag 155
165 |coarse slag pit slag 165
160 |coarse slag pit slag 160
160 |coarse slag pitslag 160
160 |coarse slag pit slag 160
155 |coarse slag pit slag 155
B3 { 150 |coarse slag pit slag 150
Cl| 65 |RR 5
50 |RR 50
50 |RR 30
c2 85 85
105 105
105 105
80 80
50 50
50 50
40 RR 40
40 40
40 40
40 40
40 40
60 60
55 55
55 55
C3 | 40 (fence 40
Cd | 40 |fence 40
40 40
50 50
45 45
40 RR 40
70 70
65 65
70 RR 70
70 70
55 NU west ore 55
113 NU west ore 115
110 unwashed ore 110
105 unwashed ore 103
100 unwashed ore 100
70 [RR 70
C5| 60 [fence/RR 60
60 |RR 60
60 |RR 60
60 [RR 60
65 [RR 65
C6| 65 |RR 65
75 75
90 90
45 45
100 |pile 100
90 90
Page 4 of 10



Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (uR/hr)

- 2 |,

= - g s 12 |21 |2 a

2 z £ < 213 |2 |3 |3 |3 %

E £ o e 2 =) < o & o O ] - £
A 5 s e 2|2 128 282z |S
2|z 2 : |s |2 | £ |2 |8 |3 |52 |5 | E |8 |§ |¢
= | m i O [ 7 = o = = = & & ] a =

85 83

105 105

50 |RR 50

100 100

70 70

95 95

45 |pavement 45

50 {pavement 50

50 |pavement 50

25 |sidewalk 25
Cc7 50 |fence 50
DI} 95 |orestorage area 95

110 110

110 110

105 105

110 110

100 100

100 100

90 90

90 90

85 85

75 75

80 80

90 90

90 90

90 90

90 90

100 100

110 110

100 100

95 95

90 90

80 80

80 80

110 110

125 |approaching slag 125

130 130

125 |road btw slag piles 125

125 {do not enter sign 125

135 |road btw slag piles 135

140 |road btw slag piles 140

155 |[road btw slag piles 155

135 |road btw slag piles 155

150 |road btw slag piles 150

150 |road btw slag piles 150

160 |road btw slag piles 160

160 {road btw slag piles 160

160 {road btw slag piles 160

145 |fine slag on road 145

140 |fine slag on road 140

150 |road btw slag piles 150

125 |road btw slay piles 125

120 |road btw slag piles 120

120 |road btw slag piles 120

120 |road btw slag piles 120

120 |[road btw slag piles 120

120 |road btw slag piles 120

120 [road btw slag piles 120

105 |road btw slag piles 105

RPDATA XLS Tronvects (1 119R) Page 5 of 10



Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant
Readings in microRoentgens per hour (uR/hr)
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120 |road btw slag piles 120
100 |road btw slag piles 100
60 |intersection 60
60 60
55 55
30 |conveyor 30
25 25
25 25
28 28
30 30
D21 20 |southedge of site 20
El 60 |intersection 60
80 |[road 80
60 [road 60
60 |road 60
70 {road 70
100 {road onto fine slag | granulator slag 100
E2 | 140 granulator slag 140
140 granulator slag 140
140 granulator slag 140
E3 | 150 granulator slag 150
150 granulator sfag 150
150 granulator slag 150
145 granulator slag 145
140 granulator slag 140
140 granulator slag 140
E4 | 140 granulator slag 140
Fl 22 22
23 23
23.5 24
28 28
27 27
30 |{E of S end slag 30
38 38
41 41
44 44
42 42
42 42
39 |EofNendslag 39
37 37
32 32
28 28
24 |IMW 24
27 {bigrock 27
22 22
2 21
20 20
19 19
19.5 20
19 19
19 19
22 22
22 22
20.5 21
20 20
20 20
20 20
21 21
21 21
Page 6 of 10
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Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (uR/hr)

RPDATA XLS Tramcuts {1 T 9%)

- = = .
=3 : Ele s £z |z |3 .
£ £ @ Sle s l2 |z S ]8 |88 |5 |&
ER- S 2 2T 2 Ll |2 ElE 2Rz
2 3 = ) v z = ) 3 3 = > > g % 3
| = 3 s 2 = |8 2 S g E g g g 2 Z
= | @ &= O [ 7 [ o o = = s & et = K
20 20
F2 | 20.5 |fence corner 21
F3 | 19.5 20
2] 21
23 23
23 25
24 24
243 25
23 23
24 24 ]
24 24
23 23
24 24
24 24
24 24
23 23
25 25
27 27
27 27
28 28
295 30
32 32
32 32
37 57
37 37
40 40
F4 | 42 lapproach slag pile 42
Gl | 30 30
25 25
40 40
80 |dminage w/ stag fill 80
50 50
35 35
30 30
G2 40 40
55 |fineslag 55
60 |fineslag 60
95  Inodular ore 95
60 {fincslay 60
60 |fine sl 60
G3 50 |fence 50
23 23
OT| 36 |fincslag 36
OT | 41 |fineslag 41
225 23
G4 24 24
OT | 44 |nodularore 44
OT{ 45 |nodular ore 45
OT | 80 |nodularore 30
OT | 100 jroaster residuc?
OT | 16.5 {fence corner 17
OT | 26 |NW corner office 26
H1 {00 100
100 100
90 90
105 105
110 110
I3 IS
115 115
Page 7 of 10



Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (uR/hr)

Transect

Exposure (mR/hr)

Field Comment

Coarse Slag

Fine Slag

Slag North of Road

Facility Soils

Ore Storage Area

Processing Area

Mixed Use, with Slag

Reclaimed Tailings

Excavated Cell J

Excavated Cell I

Excavated Cell L

Dikes/Road

Railroad Grade

o

=

<
o«

<
o2

<
<

100

o
i

95

100

100

105

105

105

105

105

105

110

110

100

100

105

105

120

S edge of pile

120

oT

110

pile top

110

105

N edge of pile

105

85

road

70

70

60

W side of N pile

60

70

RR

70

60

60

55

55

55

H2

70

gote

70

Il

70

gate at Port

70

92

92

100

100

105

105

130

150

122

Sample DSI

122

150

130

138

138

130

130

130

150

120

120

120

120

120

120

112

112

108

108

112

112

100

end of slag gravel

100

N of plant entrance

fence

E of guily

W of gully

gully

road E of well

48

road W of well

43

23

24

streamside tailings

26

streamside tailings

27

streamside tailings

26

RIDATA XIS Tronveats (1711.9%)
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Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant

Readings in microRoentgens per hour (utR/hr)

RPDATA XLS Trensects (3/11 9%)
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27 |streamside tailings 27

35 |streamside tailings 35

60 |slag 60
J1 38 |road W of well 38

48 |road E of well 48

25 25

23 23

22 22

23 23

28 28

26 26

24 {manhole 24

28.5 |(fence 23

30 30

63 |dike 63

40 40

43 43

44 44

65 Jedge of slag gravel 65

125 {slag gravel 125

115 115

125 125

110 110

125 125

125 125

128 128

120 120

125 125

125 125

132 132

122 122

1i5 s

110 110

105 105

90 90

80 80

72 72

70 70
]2 65 |fence 65
Kl 42 |stairs bottom 42

40 |stairs top 40

45 froad T 45

40 {road 40

62 |road 62

68 |{road 68

80 |froad 80

70 iroad 70

60 [road 60

50 {road 50

34 |grassy bank 34

33 33

34 34

62 |slag 62

100 |slag 100

115 {slag 115

68 |slag 68

48 |slag 48

35 35

32 32

Page 9 of 10



Radiological Field Gamma Survey Results
Rhone-Poulenc Silver Bow Plant
Readings in microRoentgens per hour (uR/hr)

= 3 3 @ = —
Z 3 2 S 21213 |33 2
E : > - O I I = A T T e
3|2 g » » | |2 | £ |2 |3 13 |3 |3 |3 |5 |3
2| 3 o 3 @ z Ea I~ 2 z 2 g = S & z
=3 o = = @ o = o <o = = = = a o
£z 2 s SN - =T - - - S - T IS - - - I
= =2 . &) = [7Z] Fxe Q P 2 =4 w = = o o
33 33
31 |fence 31
I 31
30 30
26 |barbed wire fence 26
28 28
30 30
30 |monitoring well 30
30 30
33 33
82 |slag piles 82
61 |slag piles 61
48 |slag piles 48
28 28
27 27
30 30
30 |base of substation 30
37 37
49 |slag Al}? 49
32 32
31 31
46 46
60 |well road 60
25 25
27 27
27 27
28 28
30 30
34 34
30 80
33 33
65 65
34 34
32 32
32 32
30 30
32 32
35 35
35 35
36 36
36 36
Average Exposure Rate (nR/hr) 145 140 111 28 95 46 61 69 144 13 80 114 70
Maximum (uR/hr) 170 150 138 55 125 60 1S 80 150 115 95 150 105
Minimum (mR/hr) 100 100 65 17 45 25 33 50 130 110 65 60 40
Number of Samples 61 13 37 145 82 19 63 23 4 2 4 85 28
Standard Deviation (uR/hr) 16 13 20 6 15 8 17 6 9 4 12 21 19
Standard Deviation/Average 0.11 009 | 018 { 023 | 016 | 018 | 027 | 009 | 007 | 003 | 045 | 019 | 027
Notes:
(1) The "standard deviation / average” ratio is used to help illustrate the range of data relative to the value of the associated mean value.
pR/br = microroentgens per hour
Background reported on Table 6
Page [0 of 10
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Attachment B

Laboratory Results



w GASTON ENGINEERING
=~ SURVEYING /SOILS TESTING

MOISTURE DENSITY RELATIONSHIP

(ASTM D693)
PROJECT: Seacor. Inc. DATE: 12/4/97
LOCATION SAMPLED:___S-607 "Tailings” W.O.#: Q7-5G9
MATERIAL TYPE:__Pond Sediment METHOD: __ASTM D-A08 _
TESTEDBY:___ JonWilkinson CU.FT. MOLD: N 333
EXAMINED FOR: __Slave Analysls TEST NO.:
TEST DATA

Watar Added, ML 0 100 75

WT. Mold & Sample, Ibs 12.875 | 12.938 | 12.875 |} 12.375

WT. Mold, Ibs 925 | 925 | 9.25 9.25

CU. FT. of Mold 0333 | .0333 0333 | .0333

WT. Of Wet Soils (Ibs.) 3.625 | 3.6875 | 3.625 3.125

Wet Density, PCF 108.86 | 110.74 | 108.86 | 93.84

MOISTURE CONTENT, %

Can # 11 3 9 1

Wt of Can 21.93 21.86 21.84 21.91

WT. Wet Soil gms 115.11 | 85.39 130.83 | 104.24

WT. Dry Soil, gms 88.83 | 62.95 | 94.88 | 88.96

WT. Water, gms 26.28 | 2244 | 3595 | 1528

Moisture content, % 29.69 356 37.9 17.2

DRY DENSITY, PCF

Dry Denslty, bs/cu. ft. 84.0 81.7 78.84 80.1

molsture.den

CONSULTING ENGINEERS & LAND SURVEYORS

P.O. Box 861- 211 Haggerty Lana « Bozeman, MT 58715 « (406) 586-0508 + fax (406) 586-0589




m GASTON ENGINEERING
SURVEYING / SOILS TESTING

AGGREGATE TEST REPORT
PROJECT: - Sacor, inc DATE: 12{1/97
LOCATION SAMPLED:__S-6807 "Tailings" W.O# Q7-799
MATERIAL TYPE: Pond Sedimeant METHOD:
TESTED BY: Jon Witkinson TEST NO.:
EXAMINED FOR: Sleve Analysis '
ATTERBURG LIMITS: | I PL___ Pl
SIEVE ANALYSIS:
Total Wt. Of sample 11.125 lbg 9%
Total Wt. retained 4-mesh bs %
Total Wt. passing 4-mesh lbs %
Before Wash___383.9 After Wash 38 78 LBW__ 35512
Cum. Wt. Retained Seive Size Cum. Wt. Passing Pct. Passing Spec.
6"
3"
2"
138"
4
:/‘I
1/2-
%I
4] 4M 11.126 100%
44 10M 3895 88%
946 40M 3844 98%
15.74 80M 378.16 96%
36.54 200M 357.36 90.7%
SOIL CLASSIFICATION:

CONSULTING ENGINEERS & LAND SURVEYORS

£.0. Box 861~ 211 Haggeny Lane « Bozeman, MT 59716« (406} 586-0588 * tax (406) 5686-0389




W GASTON ENGINEERING
SURVEYING / SOILS TESTING

MOISTURE DENSITY RELATIONSHIP

(ASTM D683)
PROJECT: Secor, Inc DATE: 12/3/97
LOCATION SAMPLED: __S-609 "Background” W.O#: 97-599
MATERIAL TYPE: METHOD: __ASTM D-688
TESTED BY:______Jon Wilkinson CU.FT. MOLD: 0333

EXAMINED FOR: _Sieve Analysis TEST NO.:

TEST DATA
Water Added, ML 0 100 75
WT. Mold & Sample, Ibs 13.0 13.44 | 13.31 |[12.813
WT. Mold, Ibs 9.25 9.256 9.25 9.25
CU. FT. of Mold .0333 | .0333 | .0333 | .0333
WT. Of Wat Soils (Ibs.) 3.75 419 4.06 3.56
Wet Density, PCF 11261 ] 1258 | 122.0 | 107.0

MOISTURE CONTENT, %

Can# 17 2 9 7
Wt of Can 217 2174 | 2185 | 21.34
WT. Wet Soll gms 115.65 | 123.69 | 132.7 | 12534
WT. Dry Soll, gms 10548 | 108.75 | 112.67 | 119.15
WT. Water, gms 10.17 | 14.94 | 20.03 | 6.19
Moisture content, % 9.6 13.7 17.8 5.2

DRY DENSITY, PCF

Dry Denstty, Ibs/cu. ft. 1027 | 1108 | 103.6 | 1017

moistura.den

CONSULTING ENGINEERS & LAND SURVEYORS ﬁ

P.O. Box 881+ 211 Haggerty Lane - Boxeman, MT 53715 « (408) 5868-0588 « fax (408) 586-0589
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SECOR MATERIAL TESTING SUMMARY

Coarsa Slag
S-605
0= 04

S.G. = 216

Unit Weight = 100.4 Ib/CF

Fine Slag

S-608

S.G. = 2.52

Unit Welight = 101.4 Ib/CF

Tallings (Pond Sediments)

S-607

S.G. = 2.685

Unit Weight = 77.3 Ib/CF

Proctor: Max. Density = 84.2 Ib/CF
Opt. Moisture = 27.5%

% Passing - 200 sleve = 90.7%

Roaster

S-608

S.G. = 1.14

Unit Weight = 42.7 Ib/CF

Background

S-809

S.G. = 2.64

Unit Welght = 86.1 Ib/CF

Proctor: Max. Density = 111 Ib/ICF
Opt. Moisture = 12.5%

% Passing - 200 sleve = 487 % .



Soil Analytical Lab
Carol Lee—Roark Plant & Soil Science Dept.
SECOR Montana State University
25 N. Willson, Suite F Bozeman, Montana 59715

Bozeman, MT 59715
FY 1997 Recieved 11/26/97 Sent 12/11/97

*xxxxxxxx*xxx***xx**x******xx*x*xx*x*x****xxxxx*xxx'xxxx**xx*xxxxxxx*****txxxt‘

Sample Client's % H20
Number ID Number 15 Bar
5852 Smpl BG : 14.0 (BGitauno)

S853 Smpl ET 6.4 (TRIES)
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RESRAD Output



Brsalirfe Risk Assessmont Program, Versicn 2.10 FPags 1

12/34/%7 0B:43

Surmary : RESRAD-BASELIME Sample Daca File File: SLAGL.BSE

Tahle of Contants
AXRRARAAAAMAARAAL

Erfective Dose Equivalent and Cancer Risk
THLFETEEeeL4 LTI FLL LS ITTILE212LLLLLS

Conversion Pactors for Radicnuolides Summary .........-. Crrecennen
site-Bpecific Parameter SummaAry ........--- cvevorenaa viesatseee ey
ummary of Pathway Selections ........ Ve e b eereea e

calculation Results with Baxsae Data
Rasults for Radionmuclides
Amount of Intake Quantitias .. .......cceccecciiitnrcanonas PR

Total Dose Componsnt® ..,.<c...- Ml s saceatssonsaacancotossseoncon
Total Cancer Risk Compopents (from Risk Conversion Factor) .....

Total Cancer Risk Compcments (from Slopa Pactors) ..............

A b



Baseline Risk Aepaegsment Program, Versicn 2.10 Page 2

Summary : RESRAD-BASELINE Sample Data Filae

12/24/27
Fila:

SLAGl.RBSX

a8:439

Dose snd Risk Convarsion Factor (and Ralated) Parameter Summary

3 Cancer risk/dose convarsicn factor (risk/mrom)

DCF1 ' Groundshipe, surface DCF's, (mrem/yr)/({pCi/om**2):
DCF1 ' Ra-326+D
3
DCFl > Groundshine, voluma DCF's, (mrem/yr)/(pCi/om*+3):
DCF1 * Ra-236+D, poll density = 1.6 g/cm**3
b ]
DCF2 * Dose conversion factors for dust inhalation, mram/pCi:
DCF2 * Ra-226+D
3
DCP3 ' Dose cogversion factors for ingestion, mxem/pCi:
DCF3 » Ra-226+D
2
DCF4 * ALir immersion DCP's, (mrem/yr)/(pCi/mx*3}:
CCr4 ? Ra~-226+D
3
S2-1 3 Groundanine, surfaca S¥'s, 1/yx per (pCi/am=+2):
9f-1 3 Ra-226+D :
3
9f-1 ? Groundshine, volume S5F's, 1/yr par (pCi/qg):
sf-1 * Ra-3464D
5f-2 * ‘'Inhalaticn, slope factorm, 1/(pCi):
S£-2 3 Ra-226+D
3
SE-3 * Ingeation, slope factoras, 1/(pCi):
Sf-3 ' Ra-226+D
3
Ef-4 * Air immersion, mlope factors, 1/yr par (pCi/m**3):
Sf-4 * Ra-2264D
sfxn *> Radon inhalation slope faarors, 1/(pCi):
SfRn * Rx-222
S£fRn ? Po-218
8z 3 Pb-214
g8fRn > Bi-214
STfRn ? Rn-220
8fRn * Po-216
SfRn ? Ph-212

3

9

Curremt
Value

7.600R-07

1.940E+00

1.120K+401

B.600R-03

1.3308B-03

1.040E~02

1.470B-06

&.700B-06

2.700E-09

3.0Q0E8-10

7.S00B-03

1.B00E-12
3.7008-12
6§.,200B-12
1.5008-11
1.500K-13
3.000E-15
3.900E-11

7.500?~07
1.S40R+00
1.1208+0L
8.600R-0D3
1.3308-03
1.040E-02
1.4705-06
6.700R-06
2.700E-03
3.000E-10
7.35008B-03

1.8008-12
3.700E-12
6.200B-12
1.5808-11
1.5008-13
3.000E-15
3.900%K-11

bcp

oled]

DCF

SL»

sLp

gLp

sLp

sLe

BLP

SLP

3Le
EL»

SL?



Baseline Rigk Rasesament Program, Version 2.10 Page 3 12/24/97 08:43
Summary : RESRAD-BASELINE Sampla Daca Flle Filae: 3LIC1.BSE

Doce and Rialk Conrersion Factor (and Related) Paramecter Summary (continued)

¥ Current ? 3 pa

. Perameter 3 vValua * Default @
Mann . AARAAZRASSASAXLRLARKAL
* 3,700R-11 * 3.7008B-21 * SLP

SfRn * Bi-212
e L el e Es e Pt aNO P EEEEEs NSNS EUNEPEttissas it IRttt SS eI RoERREaantsstra N

Note: Radicnuclides are Clasa A human carcinogens.
{(8) Dowse cunvezsicn factors ara talten from EFA FGR nosf. 11 & 12.
Velume, inhalaticn and ingestion slope factors are taken from Heast (March 1994). exca
Adr immersicn and surface slope factors are taken fxom EPR 402-R-93-076. except where
(a) Values are calculared using DCY¥ and riask coefficient (7.60e-4 cancar incidence riak/re
(b) Values taken from EFA 402-R-33-076 (June 13994) .
(c) Value taken from individual radicnuclides given in Heast (not from Pu-241+D).
{(d) DCF value was %ero, slopa factor was alsao asguned to be zero,
{e) Slope factor from BFA report was unresscuably amall, calculated from DCF and risk coef
(f) DCF value increasead by S0% to account for dermal abacrpticn of H-3 in vapor form.



Bagelime Risk Rsucssment PIOITAM,
Summary

version 2.10
RESRAD-BASELINE Saumpla Data ¥ile

Page

4

12/24/97
Pile:

SLAGL,BSE

site-Specific Parameler Summary

Parameter

i /mr*2) :

surface concentration in ®soil [(p
Ra-226

volume cencentratica in soil (pci/g):

Ra-236

Indoor alr concantzation {pCi/m**3) :
Ra-226

cutdoor air conoentratien {pci/m=*3) :
Ra-226

Cemcentration in plant (pci/kg) :
Ra-226&

Conicentration in meat (pCi/kg)
Ra-226

Concentration in milk {pCi/L) :
Ra-2286

Cogcentraticon in £ish (pCi/kg) :
Ra-226

Ccopcentration in shell £ish (pci/xg)
Ra-226

Ccricentration in drinkling watar {eCi/L} :
Ra-226&

Concentration in pond water (pCi/L);
Ra-3236

Tndeoor Radon-222 cancentration (pCi/m*=3}
ocutdoor Radan-222 ccncentratien {ped/mw=3)
Indoor Radon-220 concentration {(pCl/m**3)
Cutdooy Radon-220 concantration (pCi/m*+3)

Bgquilibrium fraction of Radon-222 daughtexs
Radon-222 daughtar concentraticonx {(pci/m¥*3) :

Pa-218, indoors

Po-218, cutdoora

pb-214, indoors

Pb-214, outdoors

Bi-214, indoors

Bi-214, outdoorxrs

Bquilibzium fraction of Radon-230 daughrers

"IN E IV VAR A

]

(S I )

Usax

0.000E+00

3.8C00B+01

0.000E+00

0.000E+00

N

not

not

not

not

not

not

not
not
not
not

not

Inpu

used

uped

uged

usaed

nsed

used

used

used
used
used
usad

usged

uged
nead
used
usged
used
used

used

1 ) b
3 Deafamult ?

1 0_000R+00 3’

3 >
3 3

* 0.000E+00 *
> s

-
- oW

3 0.000R+00

-
-

3 0.000R+00

uuLu

3 0.0008+00

3 0.000B+00 ?

3 a,000B+00 ?

3 0.000B+00 ?

1 0.00C8B+00 ?

+ 0.000B+00 ?

3 g.000B+00 ?

0 .D00E+00

D .00CE+0D

0.C0CE+00
0.000E+00

- v oW Vo
L I

w

5.D00R-01

L
- @ ¥ e

0 .000E+00
> 0,-000K+00
3 0.000E+00
3 0,00CE+00
3 0.00DE+00
1 0.000B+00

[VEEE YHE "I A A

3.1.000B+00

098149

(If different

Used by BEBS




12/24/37 0R:49

FPile: 9LAGL.BSE

Baseline Risk Agoedsment Program, Version 2.10 Yaga s

..... RAARR o

Surmary : RESRAD-BASELINH Sample Data Fila
Bita-Specific Faramatar Summary (continued)
> 3 User 3 > Used by RXS
Paramatexr 2 Input 3 pafault * (If differen

Menu

RO1E ' Radon-220 daughter concentratlome (pCi/m*+*3): 3 3 )

RO16
RO1S
RO16
ROLE
RO16
RO16

BO11
Boll
BOl1l1l

B012
BO13
BO12
8012
3012
BO12
BOl2
Bo12
BO12

BO13
BO13
3013
3013
BO13
BO13
BO13
BC13
5013

BOl4
BO14
BOl4
BO14
BO14
BO14
3014
BOl4
BOl4
A014
BO14

BQ1lS
BOl15
B0O15
BO15
BO15
BO1S
BO1S

Po-215, indcors
Po-216, outdoors
Pb-212, indoors
Pb-212, ocutdoors
Bi-212, indoors
Bi-212, outdoors

Density of soil (pci/g)
Thickneass of contaminated soll (m)
Organiac carbon cemtant of sall

Fruits, vegetables, and grain consumpricn (kg/d)

Meat and poultry consumption (lkg/d)
Milk consumpricn (I./d)

Fish consumpticn (kg/d)

Cther seafood comsumption (kg/d)
Drinking water intake (L/d)
Incidental water intake (swimming)
Soil ingestion (child) (g/d}

Soil ingestion {adult) (g/d)

(L/d)

Inhaiation rate indsors (mr+3/d)
Inhalation rate outdoors (m**3/d)
Time £raction outdoors

Skielding factor for groundshine
Bxposure dursticn for child (yz)
Total exposure duration {yx)
Averaga body weight for child (kg)
Averaga bady weight for adult (kg)
Average life time (yx)

Contaminaticen fractiena:
ingested plant
ingensted meat
ingested milk
ingexted acquatic food
ingested drinking water
ingested soil
incidentally (swimming) ingeated watar
dermal absorptien from swimming
dermal absorpticn fxom shower water
darmal sbsorption from scll contact

Exposure fraquencies (d/yx):
inhslaticn and extsrnal radiatiom
plant ingesticn
meat ingeatlom
milk ingestion
aquatic food ingestion
drinking wataxr ingestion

I T VY -

v

v W kv

- -

not used
not used
not used

1.%00E+00
B.000E+0C
not used

not umead
not used
not used
not used
not usaed
not ucad
not vseed
not used
not used

2.000E+01
2.000R+01
3.300E-R1
7.000B~-01
not used
1.000E+0Q0
not used
nat used
not used

not used
not uged
not used
neot used
not used
not used
not used
not used
not usad
not used

3 _D00E+01
not used
not uced
not umed
not used
not used

0.000E4+00 ?
C.000F+00 ?
C.000R+00 ?
0.Q00R+00 3
0.000R+00 2
0 .000K+0QQ 7

3
1.5C0E+00 ?
1.00084+00 ?
3.000E-01 3

3
5.0C0RB-01 3
2.500R-01 3
1.700E-Q1 ?
1.5008-02 ?
2.500R8-03 ?
1.400E+00 3
1.300T-01 3
2.000E-01 3
1.0008-01 3

3
2.000E+01 2
2.000E+01 *
2.300E-01 ?
7.000E-01 3
6.000E+00 3
3.000B+01 3
1.5008+01 ?
7 .000EB+01 ?
7.000B+01 ?

3

3
K _.0Q0BR-Q1 3
1.000E+00 3
1.000%+00 *
5.000B~01 ?
1.000E+00 3
1.000B+00 ?
1.000B+00 2
1.000E+00 ?
1.000E+00 ?

1 .000E+0Q ?
3

3
3.500B+02 2
3_.500E+02 ?
3.5C08+02 ?
3.%00B+02 *
3.5008+03 ?

3.5008402 2 ° o




Baseline Rigk AsSsessmant Frogram,

surmary : XESRAD~AASELINE Sample Data Pilo

®015
BO1S
BO1S
BOlS
BO1S

BO16
BO16
BO1S
HO1l6
BO1§
»ol6
BO1s6

TIEELITTTI1121 S fLESEffTTTTLLEEELETITILITLLILRL

soll ingestion
incidental (swimming) watsr ingestion
dermal absorption from swimming

dermal absorption from shower wabcr
darmal absorpticn fzom soll coatact

gita-Cpacifig Darametsar Qurmmary (cemtinnad)

Dermal absorption parameters:

akin surface
zkin surface

8cil to skin adberancs

duration for
duration for
duracion for

showering
swinming

moil contact

Bummary of Pathway Belacticns

9round:h;ne {R})
inkalation (B)

Vergion 2.10

area for water coaotact {am#*1)
area for moil concact {cm**2)

{mg/cm**2-evant)

(min/event)
(hr/avent)

...........

-- plant ingastion (Y]

ot

H e
Mk oloudainswnH,
I
1

-

13 --

Nocte: (B),

poth chemical and radiclogicsl,

dermal absorp

meat ingeatiocn (B}
milk ingestion (B)
agquatic foods ingestion (B}
drinking water ingescion (B)
soil ingestion (B)
radon (R)
ircidantal water ingsstion (B)
air immersien (R)
dermal absorpticn frow ewimming (C}
Adeymal absorption from shower watax (C)
ticn solil comtact (C)

IIifIi;fIITIIiIZIiff fiIffIIIIIIIiIIIIiIfiIIIiifiIiii

(hr/avenc)

Page [

2 Usaxr

: Input

» not
» not
! not
b ]

not
1 not

used
used
used
used
used

uxed
usad
ugad
uned
uced
uzred

12/24/97
¥ile:

3

3
3
]
3
3

Defxult

3.500K+03
7.0C0HE+Q0
7.0008400
3.500E+02
3.500E+02

2.0008+04
5.000B+03
2.000K-01
1.000B+01
5.000E-01
1.200B+01

08:43
BLAG]I ,BSE

>

L I TR Y P VY

3

Tser Sclcction

active (R)
active (R)
suppressod
suppraszed
suppre=ssed
suppressed
supprassaed
suppressed
suppresaad
suppresscd
suppreadad
suppressed
suppregsed
suppressed

(C) and (R) under pathway dencted the applicability for

risk assessment, respectively.

chemical, or radioclogical

{(¢) and (R) under user ’clactian denotes usexr ‘s chaica
logical., chemical, or

radiological risk assessment, respectively.

iffiIiIIIiIIiiIfii

Used by RES

(Ir diffarent

ffiiiiiiiiiiﬁiiifiiii1iiiiiitIfIIIIIIIIIfIIIiifii




Paga 7 12/34/97 08:49

Nazeline Risk Assessment Program, Varsion 2,10
File: SLAGLl.BGE

Summary : RESRAD-BASELINE Bample Data Flle
<«<cd< Calculation Results with Base Data >35>

Amcunt of Intake Quantities INTX(1i,p) for Individual Radionuclides
and Pathways (p) as pCi/yT

Drinking
Inhalation Plant Maar Milk Fiph Watexr Sail
Radio- WWWWWWWM
Muclida pCi/yx pCi/yr pci/ys pCi/yz pei/yx pCi/yr pci/yx pcl/yr
MARREE A4 AR AARARARAAA AARAAAZAAA ARAAAAAAAR ARARARKAAR RRAAARAAAR ARARARIAZR
0.00CE+00 O.000F+00 0-00CE+00 0.000¥+0

0.000E+00 0.000B+00 ©0.000R+00C 0©.000R+00

Ra-226
$PTTEEf TPEfIfTTr fEfETFTLLY TIfffriss fftrrefeff fRISITITIT 11TTITILAL fr2221117 1EFETLLIL

Nota: * Sum of all inguation pathways.



RBaseline Risk Au--t:mnntvProgrtm, Version 2.10
RESRAD-BASELINE Sample Data Pile

Sunmary :

Ground
Radic- AAAARAAAAAAAARAR
Nuclide mrem/yr fract.
ARBARAA ABAARARAA AAAAAA
Ra-226 4.795E401 1.0000
1111222 LITTFTTLL f11217

Total 2.7958401 1.0000
Drinking
Watar

Radio- AAARAAAAARAAARZAAAA

Nuclide mrem/yx Zfracrt.
AMASASA ARAAARARAL AAAARA
Ra-226 0.000B+00 0.0000

f1f111t fELLTL222 £Ef117
Total  0.00Q0E+00 0.0000

Page a8

13/24/97

08:49
Pile: SLAGl.BsS3

ccece Calculation Results with Basgsae Data >>>>>

Inhalacion
AARAAAAASAASRARAA

mrem/yr fLract.

0.CO0E+00 ©.0000
firrrresr 111111

C.CQORE+00 0.0CQQ0

Soil
RARKRRARAARARRAN

mrem/yr fract.

0.CO0B+0Q 0,0000
frezerrss £12111
0.000B+00 0,.0000

Total Dose Componants DOSK(i,p) for

Ag mresm/yr and

Plant
RAARRAARAAARARAR
mram/yr fract.
RAAARRAARR ARAAAA
0.000E+C0 0.0000
f1frf22sr 11812

Q,000E+00 G.Q0C¢0

AAAARAAAAAARARS

mrem/yr ZIxact.

0.000X+00 0.0000
11rff112s 2823135

0.000E4+00 0.0000

Individual Radionuclides (i) and Pa
Fracticn of Total Doge

Moatr
ARAZZRARRAAARAARA
mrem/yr fracc.
AAMASRRAAA ARAARA
0.000B+00 0Q,0Q00
o o o 6 0 8

0.000E+00 ©.0000C

Incideantal
Watear
ARARAARARRAARAARA

mrem/yxr £ract.

0.000E+0Q 0.0000
1285711 111821
0.000E+00 0.0000

Milk
LA AARRAAAAG
mram/yzxr fract.
RAARARRAR RAARAA
0.C00E+00 0.0000
11111122 f22118
0.000B+00 ©.0000

Alxr
Immersion
RRAXARARAARAZAAR
mrem/yr fract.

ARRAARAAA

©.000K+00 0Q.0000
fIfEESEr 212241
D .000R+00 0.0000

Nore: The doge for En-222 and/or Bn-220 includes contribution from decay daughtera {(Po-, Pb-, an



Rageline Riak Assessment Program, Version 2.10
RESRAD-BASELINE Sampla Data File

Summary

Ra-226 2.124E-05 1.0000
1I1171F fELLE£54F T1E1LL

Total 2.124B-05 1.0000
Drinking
Watar
Radio-~ AARRAARAARAAARRAALAR
Nuclide risk fract,

RAAMAAA ARARARAAR AARRAK
Ra-226 0.QC0H+00 0.0000
Total 0.0008+00 0.0000

Note: The risk for Rn-222

Page 9

12/24/97
File:

08:439
8LAC1.BSE

<<<<< Calculation Results with Base Data >555s

Total Cancer Risk Componenta RISKL{i,p) (from Risk/Dose Converaion Fac

for Individual Radionuclides (i) and Pathways (p)
Risk/Dose Conversienm Factor -

Inhalation

A AR AAAAAAAALR

0.C00K+00 G.0000
111121145 frifLL
0.CC0E+00 0.0000

sail
RARAAAAAARARKALA
risk fract.
SRRARAARA AAAAAA
0.000B+00 ©0.0000
IIITLrLL 112222
D.0Q0E+00 0.0000

and/or Rn-220 includes contribution

Plant

ABRASAAARAAARAZA

risk fraqr.
A AAAAAA CRAAAA
0.QQ0Q0E+00 00,0000
1f114121r 11112
0.000E+QQ0 0.0000

Radon
JARRALAASRAAARKA
risk fract.
RAXARARAR AAKAAR
0.0C0E+00 0.0000
freeasrer fiffse
0,000E+Q0 0.0000

7.600%-07 risk/mrem

Meat

KARARARARRARARAA

riak trmct.
ARRARRRAR AXRKAX
0,.0008+00 0.0000
TITIIILIIT f12152
0.0C0E+Q0 0.0000

Incidental

0.000Z+00 0.0000
1frre718L 11118
0.000E+G0 0.0000

from decay daughters

and Fraction of Total
Total mxposure Duruticn 1

riak fract.
ARARAAAAR ARRARR
0.0C0E+00 D_0000
ITTIIIIIL 111122
0.0Q0B+00 0.0000

Air

Trmernica
ARRAARARARARARAA
risk fract.
AARARSAAR RARAAL
0.000B+00 0.0000
IIL£L111T TEE212
D.COQHE4+00 0.000C
Pb—l

{Po-, an



Bagelinae Risk Assessmant Program, Version 2.10
RESRAD-BASELINR Sample Data File

Bufmary :

Ground
Radic- AAAAKKAAXAARARAR
Nuclide risk fract.

AARAAAA AARKAARAA KAAAAA
Ra-336 1.672K-05 1.0000
111122 sifitLses 111211

Total 1.672E-05 1.0000
Drinking
Watar
Radic- ARA
Muclide risk fract.

ARAAAAA AKARAAAAR AAAAAA
Ra-226 ©0,000B+00 0.0000

Iiiiiii fLELLTI2L £11T11
Total 0.000B+00 0.0000
Note: The risk for Rn-2

Program execution time =

Page 10

12/24/97
Flla:

0B 143
BLAG1.BSX

cce<e¢ Calculation Results with Base Data >>33>

Total Cancer risk Conponents RIBZX2 (1,p)

(from Slope Factors) fo

Individual Radicmuclidas (1) and Pathways (p) and Fracticn of Tota

Total Exposure Duratlan =

Inhalatian
RAARAARAAARARARAA

risk fruoc.

5.5.7.5.5.5.5.5.1

0.000B+00 0.0000
treei22es 111137
0.000B+00 0.0000

Soil
R AAAAAAAAARSAARA
risk fract.
AXRARAAAA ARARARX
0.000B+00 0.0000
11122111 f1817L
0 .000R+00 0 ,0000

0.94 seccuds

Plant
ARAARAKARAKAARAA
risk fract.
AAAKAAXAR RAAARA
0.Q00E+00 0.0000
feererres 1111t
0.000E+0Q 0.0000

Radon
ARAZARARAKARARRA
rizk fract.
ARAAARAZA ARAAAA
0.DOCE+Q0 §.0000
FTEITEEer 111221
0.000B+00 0.0000

Ment
ARAAAAKARARAARRA
xisk fraet.
AARRARX
0.0008+00 0O,0000
Trreg2e2 113111
0.000E+00 00,0000

Incidental
Watar

RARAAAAARAAAARRK

risk fract.
KAARARRAA AARAAA
0.0C0B+00 0,0000
$2IIIILLL X111
p.DOCE+00 0.0000

22 and/or Rn-320 includes contributisn from decay dauvghters (Pe-,

1.00B+00 years

Milk
ARJAAARRSARARARL
risk fract.
ARRARRRAR RAARAA
0.000B+00 §.,0000
1r1r1512 fr1f1t
0.Q000B+00 0.0000

Adrx
Immersion
ARAAKARARAARARAA
risk fraat.
ARRAAAALR ARAARA
0.000B+00 0.0000
TrEsiiees fiffss
0.000E+00 0.0000

Pb-, an



Attachment D

RADON Output



Title: Radon Emission Results from RADON computer Date: 01/12/98
Model for the Rhone-Poulenc Silver Bow Plant By: MIZ

Purpose:

To model radon emission from source materials at the Rhone-Poulenc Silver Bow
Plant Site and to estimate depth of required cover material to limit radon

emissions to Environmental Protection Agency (EPA) standards, at the site.
Methods:

The Nuclear Regulatory Commission computer program RADON (version 3.64)
was used to calculate radon emissions from site materials including; Slag (coarse
and fine combined), Ore Area Soils, Tailings, Roaster Residue, and Background
Soils. A variety of radiological and geotechnical data from laborétory analyses of
samples collected at the site were required as inputs for the radon model. These
data include; Radium activity, Long-term moisture content, Density, Specific
Gravity, and Porosity. The values of these are listed in Table 1. Unit conversions

and porosity calculations, for use in the Radon model, are also presented.

To estimate cover thickness required at the site to control radon emissions, source
materials were theoretically placed in a repository and layered based on individual
radon flux rates. The material with the highest flux rate (slag) was placed on the
bottom. Ore area soil was placed as the next layer followed by tailings and then
cover material (background soils). Roaster Residue showed similar radon flux
rates as background soils and was not used in this model. The total radon flux
rate from the cover layer due to this layering was set to EPA standards and the
cover layer thickness required to achieve this rate was calculated using the

computer program.
Results:

Output for each of the source media from the RADON program are presented in
this report and the calculated radon flux rates are listed in Table 1. Based on the
theoretical layering of source materials described above, the depth of soil cover
needed to limit radon emissions to 20 pCi/mz—sec as required by the EPA, using

soils from the surrounding area, is approximately one foot.

d \secor\rpsbp~1\radoncal doc



Current Site Conditions Based On

Table 4

Radiological and Geotechnical Analysis of Field Samples

Rhone-Poulenc Silver Bow Plant

4 Radon Flux " Average Radium | Moisture Density | Specific
Source Media (pCi/sci.ni./sec) Activity (pCi/g) | Content (%) | (g/cu.cm) | Gravity | Porosity
Background Soils 1.49 1.25 14 1.38 2.64 0.48
Tailings 38.14 27.25 6.4 1.2 2.65 0.53
Ore 56.96 26.75 NA NA NA NA
Fine Slag 80.91 38 NA 1.6 2.52 0.35
Course Slag 83.04 39 NA 1.6 2.16 0.25
Roaster Residue 1.27 1.4 NA 0.68 1.14 0.4

Notes:

(1) Flux calculated using RADON model based on geotechnical and radiological analysis of field samples.
pCi/sq.m./sec = picocurries per square meter per second '
pCi/g = picocurries per gram

g/cu.cm = grams per cubic centimeter
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Output from the RADON program
for Source Materials

at the Rhone-Poulenc Silver Bow Plant Site



Roaster Agsidut,

RADON V1.2
CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN

URANIUM MILL TAILINGS COVERS
U.S. NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCim"-2 s™-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCy/1

RADON FLUX INTO LAYER 1 0 pCi m”-2 s™-1
SURFACE FLUX PRECISION 01 (pCi m"™-2 s™-1) .

LAYER 1 roaster residue

THICKNESS 500 cm

POROSITY: 4

MEASURED MASS DENSITY .68 gm/cc

MEASURED RADIUM ACTIVITY 14 pCl/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
CALCULATED SOURCE TERM CONCENTRATION
1.749299970209598D-06  pCicm”-3 s™-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™2 sM-1

LAYER 2 residue

THICKNESS 200 cm

POROSITY: 4

MEASURED MASS DENSITY .68 gm/cc

MEASURED RADIUM ACTIVITY 14 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355



Doaster  Rasdue

CALCULATED SOURCE TERM CONCENTRATION
1.749299970209598D-06  pCi cm”-3 s7-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™2 s™-1

N F01 CNI ICOST CRIT] ACC

2 0 0o 0 20 0
LAYER DX D P Q XMS RHO

1 5.000D+02 7.000D-02 4.000D-01 1.749D-06 0.000D+00 0.680
2 2.000D+02 7.000D-02 4.000D-01 1.749D-06 0.000D+00 0.680

BARE SOURCE FLUX FROM LAYER 1: 1.267D+00 pCi m*-2 s"-1
RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim™-2s™-1) (pCil)
1 5.000D+02  4.252D-01  5.534D+02

2 2.000D+02  1.276D+00  0.000D+00

7



B acl G(OMnoL Soi s

RADON V1.2

CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN
URANIUM MILL TAILINGS COVERS

U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCi m”-2 s™-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCul . )
RADON FLUX INTO LAYER 1 0 pCim"-2 s™-1
SURFACE FLUX PRECISION 01 (pCi m”-2 $7-1)

LAYER | background soils

THICKNESS 500 cm

POROSITY: 48

MEASURED MASS DENSITY 1.38 gm/cc

MEASURED RADIUM ACTIVITY 1.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
CALCULATED SOURCE TERM CONCENTRATION
2.641406205017119D-06  pCicm”-3 s"-1

WEIGHT % MOISTURE 14 %

MOISTURE SATURATION FRACTION 4024999910034239
CALCULATED DIFFUSION COEFFICIENT 2.905060093833234D-02

cm”™Z sh-1

LAYER2  bkgsoils

THICKNESS 200 cm

POROSITY: .48

MEASURED MASS DENSITY 1.38 gm/cc

MEASURED RADIUM ACTIVITY  1.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355

%
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CALCULATED SOURCE TERM CONCENTRATION
2.641406205017119D-06  pCi cm”-3 s7-1

WEIGHT % MOISTURE 14 %

MOISTURE SATURATION FRACTION .4024999910034239
CALCULATED DIFFUSION COEFFICIENT 2.905060093833234D-02

cm”2 s™-1

N FO0l CN1 ICOST CRIT] ACC
2 0 0O 0 200 0
LAYER DX D P Q XMS RHO
1 5.000D+02 2.905D-02 4.800D-01 2.641D-06 4.025D-01 1.380

2 2.000D+02 2.905D-02 4.800D-01 2.641D-06 4.025D-01 1.380
BARE SOURCE FLUX FROM LAYER 1: 1.491D+00 pCi m"-2 s”-1

RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim?-2s™-1) (pCi/l)
1 5.000D+02 2.722D-01 1.028D+03

2 2.000D+02 1.491D+00  0.000D+00
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RADON V1.2
CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN

URANIUM MILL TAILINGS COVERS
U.S. NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCim"-2 s”-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCV/1

RADON FLUX INTO LAYER 1 0 pCim"-2 s”-1
SURFACE FLUX PRECISION 01 (pCim"-2 s"-1)

LAYER'1 tailings

THICKNESS 500 cm

POROSITY: .53

MEASURED MASS DENSITY 1.2 gm/cc

MEASURED RADIUM ACTIVITY  27.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
CALCULATED SOURCE TERM CONCENTRATION
4.53481124352734D-05  pCicm”-3 s7-1

WEIGHT % MOISTURE 6.4 %

MOISTURE SATURATION FRACTION .1449056571384646
CALCULATED DIFFUSION COEFFICIENT 5.329364293389862D-02

cm”2 s™-1

LAYER?2  tailings

THICKNESS 200 cm

POROSITY: .53

MEASURED MASS DENSITY 1.2 gm/cc

MEASURED RADIUM ACTIVITY  27.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
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CALCULATED SOURCE TERM CONCENTRATION
4.53481124352734D-05  pCicm”-3 s™-1

WEIGHT % MOISTURE 6.4 %

MOISTURE SATURATION FRACTION .1449056571384646
CALCULATED DIFFUSION COEFFICIENT 5.329364293389862D-02

cm”™2 sM-1

?/3
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N F01 CN1 ICOST CRIT] ACC

2 0o 0 0 20 0

LAYER DX D p Q XMS RHO

1 5.000D+02 5.329D-02 5.300D-01 4.535D-05 1.449D-01 1.200
2 2.000D+02 5.329D-02 5.300D-01 4.535D-05 1.449D-01 1.200

BARE SOURCE FLUX FROM LAYER 1: 3.814D+01 pCi m"-2 s”-1
RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim"-2s5™-1) (pCi/b)
1 5.000D+02 1.089D+01 1.543D+04

2 2.000D+02 3.828D+01 0.000D+00
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RADON V1.2
CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN

URANIUM MILL TAILINGS COVERS
U.S. NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCim"-2 s™-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCi/l

RADON FLUX INTO LAYER 1 0 pCi m"-2 s™-1
SURFACE FLUX PRECISION .01 (pCim"-2 §™-1)

ILAYER 1 ore

THICKNESS 500 cm

POROSITY: 3

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY  26.75 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395555
CALCULATED SOURCE TERM CONCENTRATION
1.048599982142448D-04  pCi cm”-3 s”-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0 .
CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™Z s™-1

LAYER?2 ore

THICKNESS 200 cm

POROSITY: .3

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY  26.75 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
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CALCULATED SOURCE TERM CONCENTRATION
1.048599982142448D-04  pCicm”-3 s™-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™2 s™-1

2/3
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N FO0l CN1 ICOST CRIT] ACC

2 0 o0 0 20 O

LAYER DX D P Q XMS RHO

1 5.000D+02 7.000D-02 3.000D-01 1.049D-04 0.000D+00 1.600
2 2.000D+02 7.000D-02 3.000D-01 1.049D-04 0.000D+00 1.600

BARE SOURCE FLUX FROM LAYER 1: 5.696D+01 pCi m™-2 s"-1
RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim™-2s™-1) (pCifl)
1 5.000D+02 1.912D+01 3.317D+04

2 2.000D+02  5.738D+01  0.000D+00

Y
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RADON V1.2
CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN

URANIUM MILL TAILINGS COVERS
U.S. NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCrm"-2 s™-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCi/1

RADON FLUX INTO LAYER 1 0 pCim"-2 s"-1
SURFACE FLUX PRECISION .01 (pCi m™-2 s-1)

LAYER 1 fine slag

THICKNESS * 500 cm

POROSITY: .35

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY 38 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
CALCULATED SOURCE TERM CONCENTRATION
1.276799978256226D-04  pCicm”™-3 s”-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™2 s™-1

LAYER2  fineslag

THICKNESS 200 cm

POROSITY: .35

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY 38 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355

Z
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CALCULATED SOURCE TERM CONCENTRATION
1.276799978256226D-04  pCi cm”-3 s"-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802522D-02

cm”™2 sh-1

2,



N F01 CNI ICOST CRIT] ACC

2 0 0 0 20 O ﬂ

LAYER DX D P Q XMS RHO

1 5.000D+02 7.000D-02 3.500D-01 1.277D-04 0.000D+00 1.600
2 2.000D+02 7.000D-02 3.500D-01 1.277D-04 0.000D+00 1.600

BARE SOURCE FLUX FROM LAYER 1: 8.091D+01 pCi m"-2 s”-1
RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim"-2s"-1) (pCi/l)
1 5.000D+02 2.716D+01 4.039D+04

2 2.000D+02 8.151D+01 0.000D+00

3/
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RADON V1.2

CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN
URANIUM MILL TAILINGS COVERS

U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 2

RADON FLUX LIMIT: 20 pCim"-2 s”-1
LAYER THICKNESS NOT OPTIMIZED

SURFACE RADON CONCENTRATION 0 pCi/l

RADON FLUX INTO LAYER 1 0 pCim”-2 s™-1
SURFACE FLUX PRECISION .01 (pCi m"™-2 §7-1)

LAYER 1 coarse slag

THICKNESS 500 cm

POROSITY: .25

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY 39 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
CALCULATED SOURCE TERM CONCENTRATION
1.834559968757629D-04  pCi em”-3 s™-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm”™2 s™-1

LAYER?2 coarse slag

THICKNESS 200 cm

POROSITY: .25

MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY 39 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355
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CALCULATED SOURCE TERM CONCENTRATION
1.834559968757629D-04  pCicm”-3 s™-1

WEIGHT % MOISTURE 0 %

MOISTURE SATURATION FRACTION 0

CALCULATED DIFFUSION COEFFICIENT 7.000000029802322D-02

cm™2 s™-1

N F01 CNl1 ICOST CRITI ACC
2 0 0 0 20 O

LAYER DX D P Q XMS RHO
1 5.000D+02 7.000D-02 2.500D-01 1.835D-04 0.000D+00 1.600

2 2.000D+02 7.000D-02 2.500D-01 1.835D-04 0.000D+00 1.600
BARE SOURCE FLUX FROM LAYER I: 8.304D+01 pCi m™-2 s™-1
RESULTS OF DIFFUSION CALCULATIONS:

LAYER THICKNESS EXITFLUX EXIT CONC.

(cm) (PCim~™-2s"-1) (pCl)
1 5.000D+02 2.787D+01  5.804D+04

2 2.000D+02 8.366D+01  0.000D+00

%
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RADON V1.2

CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN

URANIUM MILL TAILINGS COVERS
U.S. NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 3.64, June 1989

TITAN ENVIRONMENTAL CORPORATION

RADON DECAY CONSTANT .0000021  per sec.
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF TAILINGS 2.65

NUMBER OF LAYERS: 4

RADON FLUX LIMIT: 20 pCim»-2 s™-1
LAYER TO BE OPTIMIZED: 4

SURFACE RADON CONCENTRATION 0 pCil

RADON FLUX INTO LAYER 1 0 pCi m"-2 s™-1
SURFACE FLUX PRECISION 1 (pCim"-2 s™-1)

LAYER1  slag

THICKNESS 500 cm
POROSITY: 3
MEASURED MASS DENSITY 1.6 gm/cc

MEASURED RADIUM ACTIVITY 38.6 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT

.3499999940395355

CALCULATED SOURCE TERM CONCENTRATION  1.51311997423172D-04  pCicm™-3 s™-1

WEIGHT % MOISTURE 0 Yo
MOISTURE SATURATION FRACTION 0
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 ore

THICKNESS 500 cm
POROSITY: 3
MEASURED MASS DENSITY 1.6 gm/cc

7.000000029802322D-02  cm”2 s™1

MEASURED RADIUM ACTIVITY  26.75 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT

.3499999540395355

CALCULATED SOURCE TERM CONCENTRATION  1.048599982142448D-04  pCi cm™-3 5”-1

WEIGHT % MOISTURE 0 %
MOISTURE SATURATION FRACTION 0
CALCULATED DIFFUSION COEFFICIENT

7.000000029802322D-02  cm”2 s"™-1



LAYER 3 tailings

THICKNESS 500 cm

POROSITY: .53

MEASURED MASS DENSITY 1.2 gm/cc

MEASURED RADIUM ACTIVITY  27.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355

CALCULATED SOURCE TERM CONCENTRATION  4.53481124352734D-05  pCi cm”-3 s7-1
WEIGHT % MOISTURE . 6.4 %

MOISTURE SATURATION FRACTION .1449056571384646

CALCULATED DIFFUSION COEFFICIENT 4.612859583262557D-02  cm”2 s™-1

LAYER 4 cover

THICKNESS 500 cm

POROSITY: .48

MEASURED MASS DENSITY 1.38 gm/cc

MEASURED RADIUM ACTIVITY  1.25 pCi/gm

DEFAULT LAYER EMANATION COEFFICIENT .3499999940395355

CALCULATED SOURCE TERM CONCENTRATION  2.641406205017119D-06  pCicm”-3 s™-1
WEIGHT % MOISTURE 14 Yo

MOISTURE SATURATION FRACTION .4024999910034239

CALCULATED DIFFUSION COEFFICIENT 1.943709159271586D-02  cm”2 s™1

N F01 CNI ICOST CRITI ACC

4 0 0 4 20 O

LAYER DX D P Q XMS RHO
5.000D+02 7.000D-02 3.000D-01 1.513D-04 0.000D+00 1.600
5.000D+02 7.000D-02 3.000D-01 1.049D-04 0.000D+00 1.600
5.000D+02 4.613D-02 5.300D-01 4.535D-05 1.449D-01 1.200
5.000D+02 1.944D-02 4.800D-01 2.641D-06 4.025D-01 1.380

O TS I NG [y
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BARE SOURCE FLUX FROM LAYER 1: 8.219D+01 pCi m"-2 s”-1
RESULTS OF DIFFUSION CALCULATIONS:
LAYER THICKNESS EXITFLUX EXIT CONC.
(cm) (pCim™-2s™1) (pCil)
1 5.000D+02 1.379D+01 5.997D+04
2 5.000D+02 1.818D+01 3.555D+04
3 5.000D+02 2.185D+01 9.073D+03

4  3.125D+01 2.113D+01  0.000D+00

7
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Appendix 1-H

Emissions of Naturally Occurring Radioactivity, Stauffer
Elemental Phosphorus Plant, November 1982



EPA-520/6-82-019
November 1982

EMISSIONS OF NATURALLY OCCURRING RADIOACTIVITY
STAUFFER ELEMENTAL PHOSPHORUS PLANT ‘

by

Vernon E. Andrews
Office of Radiation Programs-LVF
U.S. Environmental Protection Agency
Las Vegas, Nevada 89114

and

Project Officer

Tom Bibb
Emission Standards and Engineering Division
U.S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

This report was prepared with the technical support
of PEDCo Environmental Inc. contract 68-12-2811

Office of Radiation Programs - Las Vegas Facility
U.S. Environmental Protection Agency
Las Vegas, Nevada 89114



FORWARD

The Office of Radiation Programs (ORP) of the U.S. Environmental
Protection Agency (EPA) conducts a national program for evaluating exposure of
humans to ionizing and nonionizing radiation. The goal of this program is to
develop and promote protective controls necessary to ensure the public health
and safety.

In response to the 1977 amendments to the Clean Air Act the Las Vegas
Facility was given the responsibility to collect field data on emissions to
the atmosphere of natural radioactivity from operations involved in the
mining, milling, and smelting of minerals other than uranium and coal. This
report is one of a series which describes an individual facility and the
associated radioactivity emissions.

ORP encourages readers of the report to inform the Director, ORP-Las Vegas
Facility, of any omissions or errors. Comments or requests for further infor-

mation are also invited.
Ve w ¥ .

Wayne A. Bliss, Acting Director
Office of Radiation Programs
Las Vegas Facility
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SECTION 1

BACKGROUND

The Clean Air Act, as amended in August 1977, required the Administrator
of the Environmental Protection Agency (EPA) to determine whether emissions of
radionuclides into ambient air should be regulated under the Act. In December
1979 the Administrator listed radionuclides as a hazardous pollutant under
Section 112 of the Clean Air Act. g

The naturally occurring radionuclides most likely to be emitted in signif-
jcant quantities are those in the uranium-238 and thorium-232 decay series
(Figure 1). These radionuclides and their daughter products occur naturally
in widely varying amounts in the soils and rocks that make up the earth's
crust. Average values for uranium-238 and thorium-232 in soils are approx-
jmately 1.8 ppm (0.6 pCi/g) and 9 ppm (1 pCi/g) respectively (1). The radio-
activity concentration of each of the daughter products in the two series 1is
approximately equal to that of the uranium-238 or thorijum-232. parent.

Almost all operations involving removal and processing of soils and rocks
release some of these radionuclides into the air. These releases become
potentially important when the materials being handled contain above-average
radionuclide concentrations or when processing concentrates the radionuclides
significantly above the average amounts in soils and rocks.

Because mining and milling operations involve large gquantities of ore, and
because there is little information about how these activities release radio-
active emissions, EPA, in 1978, began to measure airborne radioactive emissions
from various mining, milling, and smelting operations. These surveys were
screening studies designed to identify important sources of airborne emissions
of radionuclides at individual facilities.

Operations were selected for study on the basis of their potential to emit
significant quantities of naturally occurring radionuclides to the atmosphere.
Some of the factors in the selection included typical mine size, annual U.S.
production, measured working levels of radon daughters in underground mines
and associated ventilation rates, production rate and process of individual
facilities, and previous association with naturally occurring radionuclides.
Usually, we chose to look at large facilities in order to improve the chances
of obtaining emission samples with radioactivity contents significantly
greater than background.
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SECTION 2

INTRODUCTION

As early as 1908 it was recognized that phosphate rock contained above-
normal concentrations of uranium and thorium (2). Those concentrations have
been observed in the United States to range from 8 to 399 ppm (2.7 to 133
pCi/g) of uranium-238 and 2 to 19 ppm (0.22 to 2.1 pCi/g) of thorium-232 (3).
South Carolina ores had the highest concentrations, while- the lowest were
found in Tennessee. During the 1950's uranium was recovered as a byproduct of
phosphate production.

Since 1974 the EPA has studied various aspects of the radioactivity
released to plant environs during benefication and processing of the phosphate
ores. The EPA had conducted a comprehensive radiological survey of a thermal
phosphate (elemental phosphorus) plant in 1975 (4). However, problems
associated with the analyses for lead-210 had greatly reduced the accuracy of
the measurements of both lead-210 and polonium-210. Under the added emphasis
provided by the Clean Air Act Amendments the decision was made to include at
least two elemental phosphorus plants in this series of surveys. The first of
the plants surveyed was the Stauffer Chemical Company plant in Silver Bow,
Montana. :

PEDCO Environmental, under contract with EPA, conducted the survey and
collected samples (5). Before the survey, representatives of PEDCo Environ-
mental and EPA visited the plant to select sampling locations. During the
period October 15-31, 1979 PEDCo Environmental, accompanied by an EFA
representative, conducted the sampling and measurement program, collecting
particulate and gas samples from plant effluents and ambient air as well as
information on plant operations. Stauffer provided meteorological data
collected by one of their meteorology stations.



SECTION 3

SUMMARY

PEDCo Environmental collected samples of particulate and gaseous emissions
from all controlled sources at the Stauffer Chemical Company plant. Ambient
particulate and gaseous samples were collected at a site 1.6 km east of the
plant. Radon-222 emanation rates were measured from soil around the plant,
from an ore storage pile, and the slag pile. ° ’y

The kiln stacks emitted essentially all of the radioactivity emitted from
controlled sources. They accounted for 99 percent of the lead-210, 97 percent
of the polonium-210, and 98 percent of the radon-222. Annual emission rates
of the three radionuclides from all stacks were measured at 280 mCi for
lead-210, 200 mCi for polonium-210, and 8.2 Ci for radon-222. An additional
estimated release of 1.2 Ci/y of radon-222 is produced by ore in storage.
Annual emission rates of uranium-238 and -234, thorium-Z30, and radium-226
were measured at an average amount of 0.22 mCi for each radionuclide. The
estimated release of each of those radionuclides, based on measured mass
emission rates and assuming that the radioactivity concentration in the
emitted particulates was the same as in the materials handled by the process
was 4.2 mCi/year. :

The radon emanation rate from the slag pile, with an average radium-226
concentration of 27 pCi/g was 3.5 %= 3.7 pCi/mz—min; much less than the soil
emanation rate of 18 * 9 gCi/m -min. The average emanation rate from the
ore pile was 117 *+ 138 pCi/mé-min.

.‘\\\*
w



SECTION 4

. PLANT OPERATIONS

PRODUCT FLOW

The Stauffer Chemical Company Silver Bow Plant is located in the community
of Silver Bow, approximately 11 km west of Butte, Montana (Figure 2). Ore is
delivered by rail from a mine in Idaho. The plant product is elemental
phosphorus. A by-product is ferrophosphorus (FeP), which is sold as a steel
alloying additive. The other solid product is slag, which can be either a
by-product or a waste product. Stauffer sold their slag for use as highway
aggregate until shortly before this survey. Pending further radiation
studies, Stauffer voluntarily withdrew their slag from the market.

Figure 3 is a schematic of the plant operation. Ore railcars are dumped
into a pit from which ore is moved to one of two large storage piles
(Figure 4). The process of ore blending begins at this point as the ore
stockpile is built up by layers. One pile is built while ore is drawn from
the other pile. Because of the severe winter weather, ore js shipped during
the summer and stockpiled for year-round use.

The ore is further blended when it is recovered from the stbckpj]g and
moved into a pit where it is transferred by hoppers in the kiln feed building.

It is necessary to form the finely divided ore into larger, stable
agglomerates for proper operation of the reduction furnaces. This is accom-
plished by passing the ore through two rotary kilns at about 13001C. The
temperature of the ore is raised to its incipient melting point and the
tumbling action forms the ore into the desired nodular form. The hot nodules

pass through coolers and crushers before being conveyed to storage silos.

The furnace feed consists of a mix of ore nodules, silica rock, and coke.
A proper fraction of silica is required to form slag with the necessary flow
properties to facilitate removal from the furnace. The content of silica
occurring naturally in the ore must be augmented with added silica. Coke is
added as a carbon source to reduce the calcium phosphate ore to elemental
phosphorus. The approximate reaction is:

2Ca3(P0g)2 + 10 C + 6 Si0p —> Pg * 10 CO + 6 CaSiO3
Nodules, coke, and silica are fed from storage silos by means of a proportion-
ing belt and skip hoist to "burden bins" which provide a continuous feed to
the furnaces.

Feed material enters the electric arc furnaces from the top and progresses
downward until reaching the molten layer on the bottom. Phosphorus and CO are
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driven off as gases and are piped off near the top of the furnace. The slag
and FeP which are continually collecting in the furnace are periodically
tapped off. FeP is tapped for about 20 minutes each 8-hour shift. Slag is
tapped (or flushed) in an 80 to 90 minute operation about seven or eight times
per 24-hour period. FeP is cooled and crushed for shipment. Slag is disposed
of on site.

The product gases through an electrostatic precipitator where particulate
contaminants are removed, and then through a spray tower where water sprays
cool the phosphorus to below the condensation point. The molten phosphorus 1is
filtered to remove any carry-over particulates and piped into rail tank cars
for shipment. The remainder of the gas stream, primarily CO, is used as fuel
In the kilns. Sludge resulting from the phosphorus filtering operation is
roasted to recover any residual phosphorus. Roaster residue is spread in a
6-inch layer on the stockpile prepared for winter use to prevent the damp ore
from freezing in the pile and hampering recovery. ’

EMISSION POINTS L

Dust generated while conveying ore to fhe kiln feed building hoppers is
collected by a hooding system. The air is discharged through a wet scrubber.

Exhaust gases from the rotary kilns are cleaned by multiple air cleaning
devices which remove both particulates and fluorine.

Exhaust gases from the nodule coolers afe treated by two sets of multiple
air cleaning devices to remove particulates.

Emissions occurring within the kiln building from materials handling and
coke drying are collected by the ventilator collector system. This system
exhausts through two sets of multiple air cleaning devices.

Emissions arising from transfer to and storage in the burden bins of
nodules, coke, and silica are collected by a hooding system and discharged
through a wet scrubber.

A small amount of phosphorus is released during slag and FeP tapping.
Upon oxidizing in air the phosphorus forms a dense white cloud of P 05
fumes. Collecting hoods intercept most of the Po0; fumes and other
emissions and discharges them through the tap hole fume scrubber.

With the installation of air pollution control systems on most of the
sources of particulate emissions, the visible emissions during the period of
the survey originated from two primary sources. One is a periodic release of
some of the fumes produced during furnace tapping. The other source is the
nodule storage silo area. Material handling at the burden bins generates con-
siderable dust which exits the building through roof ridgeline ventilators.
No satisfactory method has been devised to control these dust emissons. The
point of emission is also inaccessible to sampling.
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Other potential sources of airborne radioactivity were the ore
piles and g]ag piles. These were considered as possible sources of gaseous

radon-222.



SECTION 5

SAMPLE COLLECTION AND ANALYSIS

SAMPLE COLLECTION

Most samples were collected using EPA reference methods (6). Stack
sampling points were selected according to EPA Method 1. Stack gas velocity
and volumetric flow rate were determined by EPA Method 2. Gas samples for
radon analysis were collected using EPA Method 3. (Radon in this report means
radon-222). Total suspended particulates (TSP) in ducts and exhaust stacks
were determined using EPA Method 5. High volume ambient TSP samples were
collected in accordance with the Reference Method for the Determination of
Suspended Particulates in the Atmosphere (7). N

A .

PEDCo collected Method 5 TSP samples on 7.6-cm (3-inch) diameter glass
fiber filters. Ambient TSP samples were collected on 20.3- by 25.4-cm (8- by
10-inch) Microsorban polystyrene fiber filters. Stack gas and ambient whole
air samples for radon analysis were collected in 30 liter Tedlar bags.

PEDCo sampled each of the emission points described on page 8 except the
silo fugitive emissions. They collected two to four samples each of TSP and
gas samples from each point. These points are shown in Figure 3. Where more
than one exhaust of a given type existed, such as kiln exhausts, they only
sampled one. At two locations it was possible to obtain simultaneous samples
from the inlet and outlet of an emission control system.

Radon emanation rates from the surface of the ore pile and surrounding
soil areas was measured at the locations shown in Figure 4 by means of char-
coal canisters. U.S. Army M-11 gas canisters containing activated charcoal
were placed on the surface to collect radon gas emitted. The canisters were
left in position for the duration of the survey. Radon emanation rates from
the slag pile were measured using inverted tubs sealed to the surface
(Figure 4). The tubs were sealed to the slag pile using dry bentonite clay
powder moistened in place. A valve and gas cock in the bottom of the tub
permitted the collection of air samples at the time of placement and after an
elapsed time of 2 to 3 hours. The change of radon concentration in the
53-Titer tub made it possible to calculate the rate of emanation from the
surface beneath the tub.

Samples of process materials were collected to relate radionuclide

emission rates to the radioactivity of the material handled at each emission
point and to permit a radionuclide balance through the process.

10
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SAMPLE ANALYSIS

PEDCo made mass determinations on TSP samples before forwarding them to
Eberline Instrument Corporation (EIC) for radiochemical analysis. Stack and
ambient gas samples were shipped to EIC for arrival within 2 days of
collection.

EIC analyzed process and TSP samples by dissolving the samples and
separating the elements of interest by chemical techniques. The separated
uranium and thorium fractions were counted on alpha spectrometers for
individual isotopic quantitation. An alpha scintillation counter measured the
polonium-210. Lead was separated and set aside for about 2 weeks to allow for
ingrowth of bismuth-210 from 1lead-210. After the ingrowth period the
bismuth-210 was separated from the lead and was counted on a beta counter to
quantitate lead-210. Radium was separated and enclosed as a ‘solution in a
sealed tube to allow for ingrowth of radon from radium-226. After 3 weeks of
ingrowth the radon gas was evolved and collected in an alpha scintillation
cell to be counted. Stack and ambient gas samples were transferred to alpha
scintillation cells and counted for radon.

The EPA's project officer collected the slag pile radon samples directly
into evacuated alpha scintillation cells and counted for radon the same day.

PEDCo shipped the radon emanation canisters by air express to the EPA
Eastern Environmental Radiation Facility in Montgomery, Alabama. EPA analyzed
the canisters on a gamma spectrometer and reported the results as radon flux
(emission rate per unit area) from the surface.

DATA REPORTING

The radioactivity reported for each sample, except for charcoal canisters,
is the net radioactivity plus or minus twice the standard deviation (2s) based
on counting statistics. The net radioactivity is the gross sample radio-
activity minus counter background and (1) for filter samples, minus an average
value for the radioactivity content of a blank filter, or (2) for stack radon
samples, minus the ambient radon concentration. The counting variation, plus
the variable radioactivity content of individual blank filters, occasionally
results in a net radioactivity of less than 0. Of course, there is no
negative radioactivity. In these cases, as with all others, the net negative
results must be considered along with the 2s uncertainty.

The sample standard deviation is based only on the random variations
inherent in radioactivity counting and is propagated only in those situations
of either duplicate emission samples or samples describing process materials.
This uncertainty is not propagated when samples are collected at different
times yet are combined to describe a source average. In these cases where
multiple samples are averaged, the standard deviation is calculated from the
variance in the samples. Since there is no adequate way of describing the
variability in daily emissions for the control technology, the annual
emissions have no associated error term.

12



SECTION 6

SAMPLE RESULTS

PROCESS SAMPLES

The average concentration in ore of radionuclides of the uranium-238
series was 32 pCi/g (Table 1). The apparent departures from secular equilib-
rium reported for the individual nuclides of the uranium series in ore samples
are due primarily to a combination of statistical variations in counting and
analytical biases. Uranium was above the normal concentration in rock by
about a factor of 50. The thorium series was at a normal concentration level.

Although a large fraction of the ore was removed as elemental phosphorus
and oxygen, the radionuclide concentrations in slag are similar to those in
ore due to the diluting effect of the added silica. The major differences
between ore and slag concentrations are for lead-210 and polonium-210, both of
which are volatilized and driven off during processing. Radionuclide concen-
trations in the nodules show that about half the lead-210 and essentially all
of the polonium-210 are lost during calcining. The rest of the lead-210 is
lost during the thermal reduction process. FeP contains significant concentra-
tions of uranium-234 and -238. However, the FeP is produced in much smaller
quantity than slag and most of the uranium is found in the slag. Radionuclide
concentrations in the four slag pile samples are in very close agreement,
reflecting the uniformity of blended feedstock and overall operations.

AMBIENT AIR SAMPLES

Radon-222 concentrations measured at the background station are shown. in
Table 2. The samples collected from 1440 to 1758 hours on October 17 and on
October 18 were collected during periods when the wind direction was primarily
from the plant to the sampling site. All other samples were collected during
periods when the sampling site was either upwind or crosswind from the plant.
No effect of plant operation is apparent from the results and all samples are
considered to represent ambient concentrations. Ambient radon concentrations
vary from less than 0.1 to about 1 nCi/m3, depending on time of day, season,
and meteorology (1).

Three filters from the background high volume samplers were analyzed for
ambient particulate radioactivity concentrations. The results are in Table 3.
The measured concentrations of the uranium, thorium, lead, and radium isotopes
are comparable to those found throughout the United States (1). The polonium-
210 concentrations of 0.020 and 0.029 pCi/m3 in the October 18-21 and
October 26-28 samples are an order of magnitude higher than the normal back-

13
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TABLE 1. PROCESS.MATERIALS RADIOACTIVITY CONCENTRATIONS

Radioactivity Concentrations (pCi/g)2

Material U-238 U-234 Th-230 Ra-226 Pb-210 Po-210 Th-232 Th-228
Phosphate Ore 29 £ 3 29 =3 54 + 11 319 41 % 2 33 &3 0.20 % 0.23 0.20 £ 0.23
Phosphate Ore 24 £ 2 23 £ 2 24 £ 6 21 £ 6 34 £ 2 38 %3 0.32 + 0.30 0.84 £ 0,50
Averageb 27 &2 26 = 2 396 26 £ 5 381 36 =2 0.26 = 0,19 0.52 + 0,28
Nodules 26 £ 2 26 & 2 51 £ 11 21 £ 6 22 %2 2.7 *#3.9 0.06 + 0.13 0.06 £ 0,13
Coke 0.24 £0.10 0.31 +0.12 0.31 £ 0.29 0.11  0.03 0.52 # 0.76 0.3 *2.8 0.06 +0.13 0.06 % 0,13
Silica 0.14 + 0,07 0.24 + 0.09 0.48 + 0.31 0.18 # 0.05 0.55 + 0.78 -0.3 *£2,7 0.04 + 0.09 0.04 * 0.09
Fresh Slag 26 =2 26 £ 2 54 %13 31+9 0.53 +0.90 0.0 =2.8 0.76 = 0.47 0.43 % 0.21
Fresh Slag 25 % 4. 25 % 4 46 * 14 28+8 -1.4 #1.8 1.8 3.1 1.1 £0.6 0.07 + 0.14
Averageb 26 =2 26 2 50 £ 10 30+6 -0.4 £1.0 0.9 #£2,1 0.93 +0.38 -0.25 + 0,13
Ferrophosphorus 11 + 3 7.6 £ 2.1 0,56 + 0.44 0.35 + 0.11 0.79 # 6188 -0.9 2.5 ‘0.08 + 0.16 0.08 + 0.16
Ferrophosphorus 10 £ 3 9.6 +3.1 0.45 £ 0.38 0.39 +0.12 0.67 £1.7 0.6 % 2.9 0.07 ¢ 0.15 0.07 # 0.15
Averageb 11 2 8.6 £+ 1.9 0.51 + 0.29 0.37 + 0.08 0.73 * 0.96 -0.2 +£1.,9 0.08 % 0.11 0.08 £ 0,11
Slag, Drum Site 1 20 # 2 20 %2 378 24 £ 7 1.3 £0.9 6.8 £4.1. 0.21 %0.21 0.21 % 0.21
Slag, Drum Site 2 26 2 26 % 2 58 + 18 29 9 1.5 * 0.8 1.1. #5,5 0,36 + 0.28 0.95 # 0,71
Slag, Drum Site 3 22 # 2 22 £ 2 46 *= 18 21 £ 6 1.7 % 1,3 1.4 £5.6 0.42 £0.28 0.73 % 0.59
Slag, Drum Site 4 26 # 2 26 % 2 39 +8 34 +£10 2.6 #1.3 0.32 # 2,1 0,57  0.33 0.58 + 0.41
Averageb 24 =1 24 £ 1 45 = 7 27 £ 4 1.8 %0.6 2.7 £2.3 0.39 £0.14 0.62 + 0.26
17

a Picocuries (10

b Counting statistic stardard deviation propagated to average result,

curies) per gram plus or minus the standard deviation based on counting statistics.



ground of 0.Q01 to 0.003 pCilm3. The polonium-210 concentration of 0.0043 #
0.0028 pCi/m3 is in the range of expected background. Using the hourly
average wind speed and direction data provided by Stauffer the estimated
polonium-210 concentrations at the drive-in theater site were calculated. The
estimates were made using a Gaussian plume diffusion model and Pasquill's
diffusion categories (8). The calculated concentrations for the three sampling
periods, including an _estimated background of 0.001 pCi/q?, were 0.027,
0.003, and 0.001 pCi/m3. Of the first result, 0.021 pCi/m®> was due to a
1-hour observation with an average wind speed of 0.8 km/h, and the background
site was 1.6 km from the plant. If that l-hour observation is not used in the
calculations the predicted concentration becomes 0.006 pci/m3. From the
calculations it is obvious that some polonium-210 above background would be
expected at the drive-in theater site under the meteorological conditions
observed on October 19-20 and 27-28. Considering the sensitivity of the
predictive model to proper selection of stability factors and precise wind
direction measurement, the measured values for polonium-210 concentration are
believed to be valid. .

TABLE 2. AMBIENT RADON-222 CONCENTRATIONS

“ x

Time Concentration
Date on - Off (nCi/m3)2

10/17 0910 - 1418 0.39 + 0.10
10/17 1440 - 1758 0.16 £ 0.06
10/18 1032 - 1319 0.32 + 0.09
10/18 1320 - 1635 0.20 = 0.09
10/22 1058 - 1314 0.13 + 0.06
10/22 1315 - 1605 0.12 + 0.04°
10/22 n 1606 - 1859 0.17 + 0.05

a Nanocuries (10‘9 curies) per cubic meter plus or minus twice the
standard deviation based on counting results only.

b Derived from duplicate samples.

15
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TABLE 3. AMBIENT AND STACK PARTICULATE RADIOACTIVITY CONCENTRATIONS

Radioactivity Concentrations (pCi/m3)2

Time - Date

Source - Collected y-238 U-234 Th~230 Ra-226 Pb-210 P0-210 Th-232 Th-228

Ambient Air 8323 - }8;;? 0.000049 + 0,000076  0.00007 + 0,00013  0.00008 ¢ 0.00035 -0.00013 + 0.00045 0,020 # 0.002 0.020 = 0,002 0.00007 # 0,00024  0.00008 * 0,00018
022 -

Ambient Air Ogg? - }0/56 0.00016 # 0.,00010 0.00014 * 0.00014 0,00037 * 0.00039 0.00001 + 0.00043 0.0074 & 0.0023 0.029 + 0.005  0.00009 * 0.00025 0.00010 * 0.00018
0 - 10/28

Ambient Afr 0030 - }0/28 0.00014 # 0,00010 0.00013 # 0.00014  0.00010 * 0.00034 -0.00006 & 0.00045 0.0074 * 0:0014 0.0043 & 0.0028 0.00008 + 0,00025 0.00009 # 0.00018
0049 - 10/30

Kiln Feed ' 0852 - 1032 -0.0] 0,22 0.12 £ 0.30 ~0.02 + 0,68 0.03 + 0.42 0.7 £ 2.9 1.1 # 1.4 -0.10 = 0,44 -0.05 * 0.42

Conveyor 10/30/79

Kiln Feed 1305 - 1510 -0.01 # 0,21 -0,02 + 0.28 -0.03 ¢ 0.66 0.10 = 0,42 0.3 42,7 0.6 #1.3 -0.12 % 0.42 -0.05 * 0,40

Conveyor 10/30/73

Kiln 1 1324 - 1627 0.34 2 0,20 0.45 £ 0,26 0.26 % 0,58 0.45 + 0,34 380 + 34 190 * 27 £0.07 # 0,33 -0.03 * 0,32

Scrubber Exhaust 10/25/79

Kiln 1 1718 - 1943 0.32 £ 0,20 0.17 # 0,24 0.42 % 0,67 0.39 % 0,34 420' > 35 250 # 28 0,06 *+ 0,35 0,02 * 0,34

Scrubber Exhaust 10/25/79 )

Kiln 1 1046 - 1701 0.19 *# 0,20 0.10 £ 0.25 -0.01 *+ 0,15 0.40 + 0.36 210 & 7 290 ¢ 14 ~0.07 + 0,36 -0.03 * 0,35

Scrubber Exhaust 10/26/79

Nodule Cooler 0940 - 1610 0.36 + 0,26 0.28 = 0,31 0.4 *1,2 0.63 * 0,45 0.3 %28 11 #3 -0,08 # 0.45 ~0.03 + 0,43
10/19/79 f

Nodule Cooler 0941 - 1512° 0.05 % 0.18 0.05 £ 0,24 0.08 & 0,56 0.06 + 0,33 0.1 2.2 7.4 # 1.8 0.02 £ 0,39 0.06 + 0.38
10/19/79

Nodule Cooler 0956 - 1225 -0.07 = 0,18 -0.07 # 0,24 -0,02 # 0,55 0.20 # 0,35 0.7 £ 2.4 0.8 + 1,1 -0.08 * 0.36 -0.04 % 0,34

10/24/79

{cont inued)
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TABLE 3. (Continued)
Radioactivity Concentrations (pCi/m3)a
Time - Date
Source Collected y-238 U-234 Th-230 Ra-226 Pb-210 Po-210 Th-232 Th-228
Kiln Building 1305 - 1553 0.37 + 0,29 0.37 % 0.32 0.51 % 0,77 0.57 # 0,37 1.3 & 2.2 0.19 * 0,94 «0.02 % 0.34 0.01 + 0.33
Yentilator 10/19470
Kiln Building 0955 - 1225 0.36 * 0,32 0.51 * 0,41 1.3 s+ 1.1 0.77 + 0,51 0.02 + 3.2 0.4 & 1.4 -0.11 + 0.49 0.06 * 0,47
Ventilator 10/24/79
Kiln Building 1000 - 1224 0.29 * 0.20 0.29 % 0.23 0.29 & 0,44 0.42 % 0,29 0.5 #1.7 0,14 % 0.69 -0.06 * 0,25 -0.03 + 0,24
ventilator 10/24/79
Silo System 1015 - 1221 0.23 % 0,21 0.32 * 0,26 0.39 * 0.58 0.77 + 0.39 1.2 +2.0 0+1.6 0,05 * 0.35 0.08 + 0.34
Exhaust 10729779
$ilo System 1421 - 1624 -0.06 % 0,14 -0.06 + 0.18 ~0.03 4 0.43 -0.11 # 0.26 0.7 *1.8 0+ 1.2 -0.08 % 0,26 -0.05 4 0.25
Exhaust ' 10/29/79
Tap Hole 1550 - 1805 0.01 # 0.14 0.04 %.0.18 -0.01 # 0.41 -0.10 # 0.25 0.6 *1.7 040,75 -0.06 * 0,26 -0.03 % 0,25
Fume Scrubber 10/16/79
Tap Hole 0935 - 1145 0,04 £ 0.14 -0.06 + 0,18 -0.02 * 0.41 -0.04 % 0.25 7.9 &+ 1,1 15 & 5.4 -0.07 & 0.26 -0.04 + 0.25
Fume Scrubber 10/17/79 . ’
Tap Hole 1435 - 1637 -0.0] * 0,14 -0.01 # 0.18 -0.02 # 0.43 -0.18 * 0,26 4,2 +0,8 3.1 439 -0,06 * 0,27 -0.03 % 0,26
Fume Scrubber 10/17/79

b Results derived from duplicate samples.

3 picocuries (10-12 curies) per cubic meter plus or minus twice the standard deviation based on counting results only.



EMISSION SAMPLES

Radon sampling results are shown in Table 4. Gross concentrations measured
in the stacks, net concentrations above the measured ambient concentrations
and average concentrations are given along with the derived annual emission
rates. Annual emission rates were calculated assuming full-time operation of
the process and annual average concentrations egqual to the average obtained
from the samples. s :

Two sources, the kilns and the silo system exhaust, had average concentra-
tions which were significantly different from ambient. Net average radon
concentrations were 12 * 11 and 0.12 = 0.17 nCi/m3 respectively. The
associated annual releases were 8.2 and 0.034 curies. Thus, the kilns were
responsible for essentially all the radon emitted from the plant stacks.

Particulate radioactivity concentrations measured in stack emissions are
given in Table 3. These concentrations are calculated using the radionuclide
activity on the filter media and the sample volume corrected to stack
conditions. Using these values, the stack emission rates (pCi/sec) were
determined and summarized in Table 5. "These rates are calculated from the
ratio of the stack flow rate (in standard ft3/hr, dry) to the sample volume
(standard ft3, dry). Specific stack test and sample parameters are
contained in the emission test report (5). PEDCo Environmental has calculated
and summarized these ratios or "scaling factors." '

Radioanalytical results for the kiln feed conveyor exhaust samples were
not significantly different from zero. PEDCo reported an average mass
emission rate from this source of 0.98 pounds per hour (0.12 gfsec). Using
the measured radioactivity in ore, each of the uranium chain radionuclides
should have been emitbed at the rate of 4 pCi/sec from the kiln feed conveyor
exhaust. B " :

The emission rates of uranium-238 and -234, thorium-230, and radium-226 in
the kiln scrubber exhaust averaged about 3.6 pCi/sec. Emission rates of
lead-210 and polonium-210 from the kiln scrubber exhaust were 4,500 pCi/sec
and 3,200 pCi/sec, respectively.

/

Measured concentrations - and emission rates of uranium-238 and -234,
thorium-230, radium-226, and lead-210 from the nodule cooler did not differ
significantly from zero. Based on the measured mass emission rates and radio-
activity of the nodules the best estimate of the release rates of each of
those radionuclides would be 2.7 pCi/sec. Only polonium-210 was measured at
concentrations significantly above zero. The average emission rate was
50 pCi/sec.

The kiln building ventilator is the major controlled source of particu-
lates. As a consequence it was also the major source of uranium-238 and =234,
thorium-230, and radium-226. Emissions of each of those radionuclides plus
lead-210 averaged 15 pCi/sec.

18



TABLE 4.

Concentration (nCi/m3)2

RADON-222 STACK EMISSIONS

Source Time Date Grossb
Kiln Feed 1106 - 1320 10/18 0.36 = 0.13
Conveyor 1320 - 1623 10/18 0.23 £ 0.11

-1309 107224 0.22 = 0.04
Source Average
Kiln - 1328 10/18 14 =1
. - 1555 10/18 0.35 = 0.14
_1358 10/22d 221
Source Average
Total for 2
Nodule - 1420 10/18 0.33 £ 0.09
Cooler
- 1829 10/22d 0.30 = 0.05
Source Average
Total for 2
Kiln - 1345 10/18 0.45 = 0.13
Building - 1823 10/22d 0.16 = 0.04
Ventilator Source Average
Total for 2
Silo System 1400 - 1643 10/22 0.12 + 0.09
Exhaust - 1846 10/22 0.41 £ 0.04
Source Average
Tap Hole 0933 - 1410 10/17  0.28 = 0.10
Fume 1413 - 1740 10/17 0.23 = 0.08
Scrubber Source Average

a Nanocuries (10-9 curies) per cubic meter.
b Radon-222 concentration in sample as collected plus or minus twice the

standard deviation based on counting statistics.
c Radon-222 concentration in sampling minus the concentration in ambient air

during the sample collection period.

c

Annual
Release (Ci)

14 = 1
0.15 * 0.15

22 £1
TIZ2 1T

kilns

0.0l # 0.13

0.13 = 0.07
0.07 £ 0.08

coolers

0.13 £ 0.16

-0.01 = 0.07

0.06 = 0.10
ventilators

0.013

4.1

8.2

0.034

-0.010

Source averages are the mean of the

samples plus or minus the standard deviation based on sample variance about

the mean.

d Results derivéd from duplicate samples.
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TABLE 5, PARTICULATE RADIOACTIVITY EMISSION RATES

Radtoactivity Emission Rates (pCi/sec)?

Time ~ Date
Source Collected U-238 U-234 Th-230 R3-226 Pb-210 Po-210 Th-232 Th-228
Kiln Feed 0852 - 1032 -0.13 1.2 +3.0 -0.22 + 6,7 0.27 2 4,2 7.2 228 11 + 13 -0.93 ¢+ 4,3 -0.45 + 4.2
Conveyor 10/30/79
Kiln Feed 1305 - 1510 ~0.9 -0.22 ¢+ 2.8 -0.30 # 6.5 1.0 *4.2 2.7 27 5.7 +13 -1.2 4.2 -0.52 ¢+ 4.0
Conveyor 10/30/7¢9 -
[ Average -0.11 ¢ 1.6 0.5 #2.1 ~0.26 # 4.7 0.64 * 3.0 5.0 ¢ 19 8.4 % 9.2 -1.1 % 3,0 -0.49 £ 2.9
Kiln 1, 1324 - 1627 4.6 + 2.7 6.0 # 3,5 3.5¢7.8 6.0 *4.7 5000 * 470 2500 + 14 -0.97 & 4.5 -0.47 + 4.3
Scrubber Exhaust 10/25/79 . .
4
Kiln 1, 1718 - 1943 4.3 £ 2.7 2.3 #3.3 5.7 9.0 5.2 +4.7 5800 + 480 3300 * 38D -0.80 + 4.8 -0.28 & 4,7
Scrubber Exhaust 10/25/79
Kiln 1, 1046 - 1701 2.5 +2.6 1.3 +3,2 -0.13 # 1.8 5.2 *#4.5 2700 + 100 3800 ¢ 180 -0.88 4.7 -0.37 # 4,5
Scrubber Exhaust 10/26/79 ———
Average 3.8 +1,5. 3.2 +1.9 1.9 *4.0 5.5 #2,7 4500 * 230 3200 ¢ 140 -0.88 ¢ 2.7 -0.37 % 2,6
Nodule Cooler (940 - 1610b 1.9 =15 1.0 #1.8 2.0 ¢£5.8 3.0 #2.6 1.9 +£17 85 + 16 -0.24 + 2.8 0.45 + 2.7
10/19/79
Nodule Cooler (956 - 1225 -1.3 3.2 -1.3 +4.3 -0.33 £ 9,9 3.6 6.2 13 + 43 ‘14 £ 20 1.4 26,8 © -0.66 2 6.1
10/24/79 . —_— —_— —_— —
Source Average 0.30 * 1.8 -0.15 # 2,3 0.84 « 5,7 3.3 3.4 7.5 23 50 % 13 -0.82 ¢ 3,5 -0,11 # 3,3
Kiln Building 1305 - 1553 7.6 5,9 7.6 £6.6 10 + 186 12276 27 + 44 4.0 %19 ~0.48 & 7,0 0.28 ¢ 6,7
Ventilator 10/19/79
Kila Building 0955 - 12250 12 % 6.6 15 #8.6 28 +21 21 # 11 9.0 # 63 -9.0 4+ 28 -3.1 9.7 0.45 « 9,6
Ventilator 10724179 : —_—
Source Average 9.8 #4.,5 11 +5.4 19 214 17 6.7 18 + 38 -2.5 £ 17 -1.8 # 6.0 0.37 £5.9
Silo System 1015 - 1221 2.5 % 2,2 3.4 228 4.1 +6.1 8.2 +4.1 12 4 22 0416 51
Exhaust 10/29/79 : 0-51 4 3.7 0.88 + 3.6
Silo System 1421 - 1624 =0.72 # 1.7 =0.72 + 2.2 0.4] & 5,1 1.3 & 3.2 7.9 * 22 014 -0.96 # 3,
Exhaust 10129179 B : : 3.2 0.58 + 3.0
Average 0.89 % 1.4 1.3 +1.8 2.3 *4.0 4.8 %26 10+ 16 0¢11 -0.23 + 2.4 -0.15 # 2,3
Tap Hole 1550 - 1805 0.2 * 2.6 0,70 ¢ 3.4 0.25 & 7.7 1.9+ 4,6 12 &+ 32 0+14 -1.1 %49 0.5 +4.7
Fume Scrubber 10/16/79 -
Tap Hole 0935 ~ 1145 -0.83 2,6 -1.1 +3.4 -0.42 4 7.9 -0.73 » 4.8 150 # 21 290 + 100 -1.2 £5,0 -0.68 + 4.8
fume Scrubber 107117479
Tap Hole 1435 - 1637 -0.15 % 2,5 =0.15 # 3.3 =0.35 # 7.7 3.3 » 4.7 75 & 15 55 ¢ 70 1.2 +4.9 .0.61 & 4.7
Fume Scrubber 10117479 ' —_—
Time-Welghted AverageC 43 + 13 85 + 33

a Picocuries {10-12 curies) per cubic meter,
b Results derived from duplicate sample
¢ Emission rates of nuclides other than Pb-210 and Po-210 were tnsignificant.




The average emission rates of the uranium chain radionuclides, 1less
polonium-210, from the silo system exhaust was measured at 3.8 pCi/sec.
Assuming that the particulate material sampled was due to nodule handling and
that the radioactivity concentration of the particulates was the same as the
nodules, the average emission rate of each, based on the mass emission rate,
would be 3.1 pCi/sec, very close to the measured radioactivity emission rate.

The collection period of each tap hole fume scrubber sample included times
when a furnace was being flushed or tapped. Analysis of the data showed that
the primary source of lead-210 and polonium-210 from the source was FeP
tapping. As shown in Table 3, the concentrations of other radionuclides did
not differ significantly from zero and lead-210 and polonium-210 concentrations
varied widely between samples. The time-weighted average emission rates based
on 2-days tap and flush records and the three sample results were 43 pCi/sec
for lead-210 and 85 pCi/sec for polonium-210. ‘

Table 6 shows the annual emission rates calculated for each operation.
These emission rates include the sum of two kiln stacks, two nodule cooler
stacks, and two kiln building ventilator stacks. Approximately 99 percent of
the lead-210 and 97 percent of polonium-210 emissions occur from the kiln
stacks. The process sample results show that essentially all of the lead-210
and polonium-210 is driven off in the kiln and furnace. The observed differ-
ence in kiln annual emissions of 280 mCi and 200 mCi, may be real, due to
different removal rates in pollution control equipment, or may be an artifact
of analysis. The kilns also emit several tenths of a curie per year of the
other uranium chain radionuclides, but most of them - about 1 Ci per year -
are released from the kiln building ventillator systems.

The removal of radionuclides by emission control systems was determined on
the number 1 kiln scrubber and the tap hole fume scrubber. As is common with
kilns, Stauffer uses an effluent control system of multiple control devices in
series. It was possible to obtain simultaneous samples on the inlet and out-
let of the final stage scrubber. Simultaneous samples were also obtained at
the inlet and outlet of the tap hole fume scrubber. The results are shown in
Table 7. The kiln scrubber removed 75 percent of the total mass entering it.
The average removal for uranium, thorium, and radium was essentially identical
at 78 percent. Both lead-210 and polonium-210 showed a 54 percent removal.
Only lead-210 and polonium-210 could be evaluated in the tap hole fume
scrubber. The fume scrubber removed an average of 86 percent of '"those
nuclides, compared to 91 percent of the mass. Lead and polonium, presumed to
be present as fumes after condensing from vapors, are apparently more readily
removed in the tap hole fume scrubber than in the kiln scrubber which 1is
designed to remove particulates.

RADON EMANATION RESULTS

Radon emanation rates from soil around the plant generally ranged from 12
to 31 pCi/m2-min with an average of 21 # 6 (Table 8). If two low results of
2.0 and 4.2 pCi/mZ-min are included the average is 18 * 9. Radon emanation
from the top of the ore pile covered with roaster residue average 53 = 35
pCi/m2-min. Considerable difference was found between the emanation rates
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TABLE 6. PARTICULATE RADIOACTIVITY ANNUAL EMISSION RATES

Annual Emission Rate {mCi/y)?
>

Source y-238 U-234 Th-230 Ra-226 Pb-210 Po-210 Th-232 Th-228
Kiln Feed =0,003 £ 0,050 0.016 + 0,066 -0.008 * 0,15 0,020 ¢ 0,095 0.16 + 0.50 0.26 ¢+ 0,29 0.035 * 0,095 ~0.015 ¢ 0,091
Conveyor

Kiln 1 plus .24 £ 0,09 V.20 % 0,12 u.12 % 0,25 0.35 * 0,17 280 ¢ 15 200 # 7 -0.06 =+ 0.17 0,02 *0.16
Kiln 2

Nodule Cooler 1 0.02 = 0,11 -0.009 # 0,15 0.05 # 0,36 0.21 # 0,21 0.47 = ].5 3.2 +0.,8 0,05 #0.22 0.007 * 0,21
plus Nodule Cooler 2

Kiln Building 0,62 =+ 0.28 0.70 *0.34 1.2 + 0.9 1.1 +#0,4 1.1 =+ 2,4 -0,16 2-1,1 .12 +0.38 0.02 = 0,33
Ventilator

Silo System 0,028 + 0,044 0.04] £ 0,057 0.07 £ 0,13 U.15 £ 0,08 0.32 0,50 0%0,35 ~0.007 £ 0,076 =0.005 # 0,073
Exhaust

Tap tole 1.4 0.4 2.7+ 1,0

Fume Scrubberb

———

& Millicuries (10-3 curies) per year plus or winus twice the standard deviation based on counting results only.

b gaissions of nuctides other than Pu-2}0 and Po-210 were insignificant and tine-weighted averages were not determined,



measured from the east berm of the ore pile and the west _berm. The three
measurements from the east berm averaged 310 * 140 pCi/mZ—min while those
from the west berm averaged 36 #* 20 pCi/m-min. No explanation has been
found to explain the difference between the two berms. The -average radon
emanation rate from the ore p11e was 110 # 70 pCi/m2-min. The radon
emanation rate from the ore pile 1n use should have been about equal to the
berm average, or 170 = 140 pC1/m -m1n. Radon emanation rates measured on
the slag pile averaged 3.5 = 3.7 pC1/m -min.

Radon emanation rates from soil were comparable to those measured at other
locations in the United States as part of this survey, but were below the
reported National average value of 35 pCi/mZ-min (9).

It is estimated that the covered ore pile emits radon at the rate of 1.2 =*
0.8 uCi/min. The uncovered ore pile is estimated to release radon at the rate
of 1.9 # 1.5 pCi/min. The radon which would have been released from the soil
beneath the ore piles was about 0.2 uCi/min. The net radon emanation rate for
the two piles would be 1.0 * 0.8 uCi/min or 0.53 Ci/year for the covered pile
and 1.7 £ 1.5 uCi/min or 0.89 Ci/year for the pile in use.

Radon emanated from the slag pile at the rate of 0.8 uCi/min compared to
an emission rate from the soil beneath of 0.4 uCi/min. The radon reduction
provided by the slag cover is estimated to be 0.32 uCi/min or 0.17 Ci/year.

The net radon emanation rate from the ore and slag piles during the survey
was estimated at 1.2 Ci/year. However, during part of the year only a portion

of one ore pile would be in existence and snow and ice cover during the winter
would reduce the radon emanation rate.

TABLE 7. SCRUBBER REMOVAL OF RADIONUCLIDES

Fraction Removed (Percent)

u,Th,Ra Pb,Po

Location U-238 U-234 Th-230 Ra-226 Average Pb-210 Po-210 Average Mass

Kiln 1 71 59 76 59 66 37 58 48 . 75

Kiln 1 85 93 85 81 86 68 66 67 74

kiln1 69 8 10 69 8 5 38 48  T6_
Avérage 75 80 87 70 78 54 54 54 75
Tape Hole Fume Scrubber 95 100 98 100
Tape Hole Fume Scrubber 73 75 74 81
Average | 84 88 86 91
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TABLE 8. RADON-222 EMANATION RATES FROM SOIL, ORE, AND SLAG

Soil Ore Pile Slag Pile
Emanation Emanation Emanation
Site  Rate (pCi/m’-min  Site  Rate (pCi/m2-min  Site  Rate (pCi/m2-min)
1 18 Top Y
2 17 1 75 1 1.8
3 22 ' 2 1100 2 8.6
4 18 3 22 3 v 3.3
5 4.2 4 30 4 0.1
6 12 5 35 Average 3.5 £ 3.7
7 24 Average 53 = 34
8 28 |
9 13 . East Berm | <
10 25 6 150
11 2.0 7 390
12 3 8 380
Average 18 # 9 Average 310 = 140
2 West Berm
9 13
10 48
11 . 47
p Average 36 £ 20
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SECTION 7

POPULATION DISTRIBUTION

The Stauffer Chemical Company plant is Tlocated in a sparsely populated
area. The processing facility is situated, as shown in Figure 4, near the
east center portion of a company-owned site about 1 mile (1.6 km) square which
js fenced to restrict access. Several ranches are located west of the plant,
with the nearest residence in that direction being about 2 km away. One
family lives at the drive-in theater 1.6 km east of the plant. Several
residences are occupied in Silver Bow about 2.5 km northeast and about 50
people live in Ramsey, about the same distance to the north-northwest.
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SECTION 8

DISCUSSION OF RESULTS

As mentioned earlier, analytical biases can result in consistent
differences in activity levels between radionuclides of a decay chain that
would normally have very nearly the same radioactivity. This can be seen in
the process sample results of Table 1 and kiln building ventilator results in
Tables 3, 5, and 6. Radionuclides of the uranium decay chain through radium-
226 in ore, modules, and slag and probably in ventilator exhaust” particulates
should be at nearly equilbrium values. : " '

Other results reported by EIC on known activity samples have shown similar
biases with thorium-230 being about twice the activity of the other samples.
Evaluation of those results has shown that thorium analyses by EIC have been
more accurate than the others. Therefore, it is believed that the thorium-230
results reported for the samples mentioned are more représentative of the
uranium chain activities than the other radionuclides. However, no attempt
has been made in this report to apply any correction to the data. More
important than the specific radioactivities are the fractions of the radio-
activity in the process which are emitted from the stack. Since the biases
are probably consistent, the fractional values are considered to be valid.

A major environmental protection problem associated with thermal process-
ing of phosphate is the emission of fluorides to the atmosphere. To combat
that problem and control particulate emissions Stauffer uses multiple air
cleaning systems in series on its kilns, nodule coolers, and kiln building
ventilators. Although radioactive emissions were not a consideration when the
pollution control system was installed, it removed large fractions of the
particulate radionuclides and smaller, but still significant, fractions of the
more volatile lead-210 and polonium-210. -

Each exhaust ‘stack emits a portion of the particulate material controlled
by the exhaust system. Due to the above-average concentrations of naturally-
occurring radioactivity in the process materials the particulate emissions
result in radioactive emissions. Most of the radioactive particulate
emissions from controlled sources come from the kiln building ventilator.
Next in importance is the kiln. The kiln probably generates more airborne
particulates, but because of the more complex pollution control system
actually emits less than the ventilator.

The average measured emissions of uranium-234 and -238, thorium-230, and
radium-226 from all controlled sources were 1.3 mCi/year. A better estimate
is probably derived from the measured mass emission rates. Assuming that the
particulate material, except for the tap hole fumes, are similar to ore in
radionuclide concentration the calculated total emissions of each of the four
radionuclides is 4.2 mCi/year.
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The nodule cooler and tap hole fume scrubber are small sources of lead-210
and polonium-210. The kilns, however, are the major source, releasing 99 and
97 percent, respectively, of the total plant emissions of those nuclides.

As with Tlead-210 and polonium-210, the kilns are the major source of radon
emissions. The average measured emission rate of 8.2 Ci/year may be low since
it is based on results from four samples, one of which was extremely low. The
estimate of 1.5 Ci/year of radon from the ore pile is probably an upper limit,
considering the actual area of the ore piles averaged over the year and the
effect of winter rain, snow, and ice on reducing emanation rates.

Comparison of radioactivity removed by the kiln scrubber and tap hole fume
scrubber demonstrated that the fume scrubber removed the larger fraction of the
lead-210 and polonium-210 from the exhaust gases. Within the limits of sampling
and analytical accuracy, the kiln scrubber removes the other, nonvolatile
-radionuclides in the same proportion as total suspended particulates. As would
be expected for a noble gas, no removal of radon was exhibited by the kiln
scrubber.

Although slag was found to contain about as much radium-226 as the
original ore it was found to not be a source of radon, as is the ore. The
physical form of the slag, even when somewhat frothy in appearance reduces the
rate at which radon gas is able to escape. Slag pile sites sampled included
slag which has been in place for a few days to several weeks so that at some
sites the radon would have been in equilibrium with radium-226. Gamma exposure
rates were significant on the slag pile, averaging 0.15 milliroentgen per hour
(mR/h). Ambient background gamma <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>