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SECTION 1

Introduction

This work plan describes activities to be performed for radiological surveys and background screening at the Ruby
Mines Site (Site) in response to the Phase 2 scope of work (SOW) described in the United States Environmental
Protection Agency (USEPA) Administrative Settlement Agreement and Order on Consent (ASAQC) signed July 15,
2013 (USEPA, 2013). This is the second of three phases of work for the Ruby Mines removal site evaluation and
interim removal action.

This work plan describes the activities to be performed in Phase 2, Gamma Scanning and Background Study,
consistent with Multi-Agency Radiation Survey and Site Investigation Manual NUREG-1575 (USEPA, 2000).
MARSSIM is a multi-agency consensus document developed by the USEPA, Department of Defense (DoD), Nuclear
Regulatory Commission (NRC), and Department of Energy (DOE) to describe a consistent approach for radiological
surveys.

1.1 Objective

The objective of this phase of work at the Ruby Mines is to perform screening and background characterization to
support the Phase 3 investigation. The goal of the Phase 3 investigation is to complete a removal site evaluation
by determining the nature and extent of radionuclides and other analytes at the Site.

1.2 Ruby Mine History and Operations

The Site consists of four former underground mines (Ruby Mines Nos. 1, 2, 3, and 4) in McKinley County, New
Mexico, near the Smith Lake Chapter of the Navajo Nation and approximately 8 miles north of the city of Thoreau
in western New Mexico (Figure 1; figures are provided at the end of the document). Ruby Mines Nos. 1 through 4
are within the boundary of Navajo Nation trust land in Township 15 North, Range 13 West, Sections 21, 27, 25,
and 26, respectively (New Mexico Energy, Minerals, and Natural Resources Department, Mining and Minerals
Division [MMD], 1995).The locations of known Ruby Mines surface features are shown on Figure 2. Details of the
Ruby Mine No. 1 and Ruby Mine No. 3 features are shown in Figures 3 and 4, respectively.

1.2.1 Ownership and Surrounding Land Use

Current land ownership and use information in the Ruby Mines vicinity was gathered during site visits, from
historical Site documents, in consultation with Mr. Edmund Henry, Smith Lake Chapter Land Board representative,
and in discussion with the Navajo Nation Land Department in Crownpoint, NM. The surface ownership of Sections
21, 27, and 25 (where Ruby Mines Nos. 1, 2, and 3 are located) is vested in the U.S. government as lands held in
trust for the Navajo Nation. Surface ownership of Section 26, where Ruby Mine No. 4 is located, is vested in four
Navajo allottees. The U.S. Department of the Interior (DOI) Bureau of Indian Affairs (BIA) and the U.S. Geological
Survey (USGS) are charged with management responsibilities for the land surface on behalf of the allotment
owners.

Use of surface land in Sections 21, 25, 26, and 27 is described below:

e Portions of Section 21 that are associated with known mine features of Ruby Mine No. 1 are designated as
tribal trust lands. Grazing permits in Section 21 are held by Mr. Nelson Largo and Ms. Easther Charlie. There
are two homesite leases within Section 21 and near known mine features, which are held by Ms. Christine Tso
and Ms. Marie (Charlie) Yarpany. Additionally, a residential lease (located on Section 20 in allotment land) is
also located near Ruby Mine No. 1 and is held by Ms. Easther Charley. Mr. Edmund Henry indicated that
access would only need to be gained from Ms. Charley and not the allotment holder.

e According to the Navajo Nation Land Department, portions of Section 25 that are associated with known mine

features of Ruby Mine No. 3 are held as tribal trust lands. Reportedly, two grazing permits are held in this
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1.0 INTRODUCTION

area: one by Mr. Stanley Saunders and the other by Ms. Renay Etcitty, Genevieve Gibson, and Shirley Etcitty.
A homesite lease near the Ruby Mine No. 3 is held by Mr. Augustine Largo.

e Section 26, where Ruby Mine No. 4 is located, is divided into four allotments. The SE % is held by Mr. Charlie
Allen, the SW % is held by Ata Yazzie (Mrs. Yeodoro Mexicano), the NW % is held by Hostine Yazzie (Mr. Paul
Charley), and the NE % is held by Mrs. Paul Charley.

e Portions of Section 27 that are associated with known mine features of Ruby Mine No. 2 are tribal trust lands.
Mr. Henry reported that grazing permits in this area are held by Mr. Nelson Largo, Mr. Emerson Largo, Ms.
Martha Largo (deceased), Ms. Sam Thompson, Ms. Anna Lee, and Mr. Herbert Thompson.

Access agreements will be obtained prior to commencement of field work.

Mineral rights for Sections 21 and 27 were reserved by the New Mexico and Arizona Land Company (NMALC).
Mineral rights for Ruby Mine No. 1 in Section 21 were leased to Western Nuclear Inc. (WNI) in 1972. In 1974, WNI
entered into a joint operating agreement with NMALC to develop and mine Section 27 for Ruby Mine No. 2.
Mineral rights for Section 25 were leased to WNI from Quipu for Ruby Mine No. 3. Mineral rights for Section 26
were leased from the Navajo Nation for Ruby Mine No. 4 (WNI, 19794, b).

1.2.2 Mining Operations and Reclamation

A summary of mining operations and reclamation dates is presented in Table 1-1.

TABLE 1-1

Ruby Mines Site Operation Dates

Location Mining Started Mining Ended Reclaimed
Ruby Mine No. 1 Portal (Section 21) September 1975 September 1981 October 1985
Ruby Mine No. 2 (Section 27) April 1979 November 1981 October 1985
Ruby Mine No. 3 Portal (Section 25) December 1980 February 1985 October 1985
Ruby Mine No. 4 (Section 26) May 1982 February 1985 October 1985

The four mines are contiguous and were mined by underground methods for uranium ore. Operating plans for the
Section 26 Ruby Mine No. 4 indicate the ore body would be developed by a modified room and pillar mining
system (WNI, 19793, b). Ores from Ruby Mines Nos. 2 and 4 were transported through Ruby Mines Nos. 1 and 3,
respectively. There was no surface disturbance at Ruby Mines Nos. 2 and 4 other than ventilation shafts. Ore from
the mines was transported off site for milling. Waste rock generated at the mines was placed outside the adits of
Ruby Mines Nos. 1 and 3. According to operating plans for the mines, topsoil was removed from the soil stockpile
area and building sites prior to initiation of mining. This stockpiled topsoil was used for reclamation when mining
ceased and was revegetated with annual rye grass for stabilization in December 1985 (WNI, 1979b).

1.2.3 Regulatory History

The Ruby Mines were constructed and operated in compliance with federal and state regulatory agency
requirements as described below. In 1971 and 1972, mining leases were obtained from the U.S. BIA for Navajo-
allotted lands in Section 26 (BIA, 1971, 1972).

In 1973 WNI obtained archeological clearance for the power line and vents at the Ruby Mines (U.S. DOI National
Park Service, 19803, b, c).

In 1980, the USGS approved WNI’s Section 26 Mining and Reclamation Plan (USGS, 1980).
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1.0 INTRODUCTION

On September 11, 1984, the Navajo Nation performed a site inspection at Ruby Mine No. 1 and recommended
implementation of reclamation and site restoration activities. Reclamation efforts were initiated shortly after
completion of mining operations at the Ruby Mines. Reclamation activities addressed concerns of the Navajo
Nation and the NRC by closing vents and adits and by capping waste rock piles (Navajo Nation, 1984).

On October 25, 1985, the Bureau of Land Management (BLM) reviewed WNI documents on reclamation activities.
The BLM approved these measures in a letter dated May 8, 1991. The BLM recommended continued inspections
but no further reclamation (BLM, 1991).

On July 10, 1986, the New Mexico Environmental Improvement Division performed inspections at the Section 21
Ruby Mine No. 3 and proposed no further action under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA; NMEID, 1986).

On September 27, 1995, the MMD performed inspections of Ruby Mines Nos. 1 and 3, and, on September 29,
approved reclamation efforts (MMD, 1995).

Subsequent to the BLM and MMD assessments, the BIA released Surety Bond No. 8084-08-04 for WNI and liability
under the bond was released (BIA, 1996).

On August 15, 2013, the USEPA and WNI signed an ASAOC for Removal Site Evaluation and Interim Removal
Action (USEPA, 2013).

1.2.4 Previous Work

WNI performed reclamation efforts at the Ruby Mines between June and December 1985. The efforts were
approved by the U.S. DOI BLM (BLM, 1991) and U.S. DOI BIA (BIA, 1996). As part of the efforts, the Ruby Mine
No. 1 shaft was sealed with a concrete wall and backfilled, and the Ruby Mine No. 3 incline shaft was closed and
covered with fill (MMD, 1995). Mine waste at Ruby Mine No. 1 was covered by a minimum of 10 feet of
compacted fill to satisfy NRC requirements. Mine waste at Ruby Mine No. 3 was covered with a minimum of

12 inches of compacted fill. Vent holes were filled and sealed with concrete. Associated buildings were removed,
with the exception of the shop building at Ruby Mine No. 1, which was left at the request of the Navajo Nation
(MMD, 1995). No information could be found about the disposition of this building; however, it was not present
at the site during October 2012 site visits. Power lines were turned over to and salvaged by the Navajo Power
Company in 1987 (MMD, 1995). Water systems were turned over to the Navajo Water Company. In 1993, WNI
repaired erosion of the waste rock cap at Ruby Mine No. 1. A drainage diversion around Ruby Mine No. 3 was
incised into bedrock to prevent erosion of the cap over the waste rock. In September 1995, WNI inspectors
observed that the cap at Ruby Mine No. 1 had erosional rills. These rills were filled with rock, and the deeper rills
were also covered with geotextile fabric and backfilled (WNI, 1995).

1.2.5 Current Status

Known surface features are described in Table 1-2 and their locations shown on Figure 2. Reconnaissance of the
Ruby Mines in October 2012 revealed an opening at the adit of Ruby Mine No. 1 (unique ID RUBY-001) and two
vent holes near Ruby Mine No. 1; one of the vent holes (RUBY-002) was open at the surface and the other (RUBY-
019) was sealed. The adit and open vent were fenced in October 2012 and warning signs were posted. At Ruby
Mine No. 1, the cap was apparent over waste rock and a concrete slab was observed at the eastern end of the
cap. The concrete slab was reportedly the building foundation for site offices. At Ruby Mine No. 3, the cap over
the waste rock and the shaft entrance were apparent.

Fence monitoring at the Ruby Mines in January and March 2013 indicated that the existing fences were intact.
However, during the March inspection of the shaft entrance at Ruby Mine No. 3, recent formation of a sinkhole
was observed (RUBY-003). The sinkhole was approximately 3 feet in diameter and 15 feet deep and was fenced in
March 2013 Another exposed vent hole (RUBY-004) was found southeast of the Ruby Mine No. 1 adit. This
exposed vent is approximately 6 feet in diameter and 15 to 25 feet deep. The adit at Ruby Mine No. 3 and the
newly discovered open vent hole were fenced in March 2013.
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1.0 INTRODUCTION

During site reconnaissance visits in August 2013, a depression filled with trash was observed near Ruby Mine

No. 1, which nearby residents indicated might be a former vent (RUBY-018). However, the trash obscured
observation of the bottom of the hole, so presence of a vent could not be verified. The trash pit/prospective Ruby
Mine vent was fenced on August 14, 2013. Two prospects were observed (RUBY-016 and RUBY-020); both were
shallow depressions and were fenced. A small shaft feature (RUBY-017) was also observed during the August site
visit. The feature was an open hole approximately 18 inches in diameter at the surface, narrowing to six inches in
diameter at lower depth, and was 4 to 6 feet deep. This feature was also fenced. Closed vents (RUBY-005, RUBY-
006, RUBY-007, and RUBY-014) were also found during the August 2013 reconnaissance visit.

TABLE 1-2
Historical Mine Features Location Coordinates
Unique

Feature Description Identifier? Latitude Longitude Section Status
Ruby Mine No. 1 adit RUBY-001 35.518986 -108.222483 21 Fenced
Ruby Mine vent RUBY-002 35.512575 -108.222508 21 Fenced
Ruby Mine No. 3 adit RUBY-003 35.506703 -108.163614 25 Fenced
Ruby Mine vent RUBY-004 35.506847 -108.205456 27 Fenced
Ruby Mine vent RUBY-005 35.502199 -108.1678 25 Closed
Ruby Mine vent RUBY-007 35.502767 -108.169293 25 Closed
Ruby Mine vent RUBY-008 35.503105 -108.171926 25 Closed
Ruby Mine vent RUBY-014 35.503005 -108.182456 26 Closed
Ruby Mine vent RUBY-015 35.504223 -108.183973 26 Closed
Prospect RUBY-016 35.50808157 -108.2045652 26 Fenced
Shaft RUBY-017 35.50319951 -108.1697609 25 Fenced
Trash pit/prospective Ruby Mine
vent RUBY-018 35.51453914 -108.2257116 21 Fenced
Ruby Mine vent RUBY-019 35.514780 -108.225224 21 Closed
Prospect RUBY-020 35.504004 -108.168172 25 Fenced

a “RUBY-XXX" is a unique location identifier assigned by the Freeport-McMoRan Historic Mine Opening Safety Program (HMOSP).

1.3 Physical Setting
1.3.1 Climate

The climate at the Ruby Mines is semiarid, with large temperature fluctuations and high winds. These conditions
are common across the Mountain West region of North America. In this region, high daily temperature
fluctuations are due to the low moisture content of the air, the lack of insulating cloud cover, and the large
distance from temperature-regulating oceans. Higher elevations receive greater amounts of precipitation,
particularly as snowfall during the winter. Rainfall occurs primarily during the summer monsoon season of July
through September.

Climate data are available from the nearest weather station in Thoreau, New Mexico, approximately 8 miles south
of the Site. At Thoreau, average daily high temperatures are 63.5 degrees Fahrenheit (°F), and average daily low
temperatures are 30.7 °F. The warmest temperatures occur in July (average 86.0 °F high), and coolest
temperatures occur in January (average 22.2 °F low). Average annual precipitation is 14.4 inches, with the

greatest amount of snowfall occurring in February, and highest rainfall occurring in August (Fizber, 2013). Relative
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1.0 INTRODUCTION

humidity is low for most of the year, but can be moderate during the summer monsoon season. Winds are
typically moderate during the fall and winter, but can be high during the spring and early summer. At two Ruby
Mines Site meteorological stations operated in 1976, average annual wind speeds ranged from 5.8 to 6.3 miles
per hour (WNI, 1979 a,b).

1.3.2 Surface Conditions

The Site is in the southeastern part of the Colorado Plateau Physiographic Province. The area is characterized by
broken terrain, and includes steep mountains, plateaus, mesas, and incised valleys with dry arroyos. The Ruby
Mines are in areas of moderate relief with ground elevations ranging from approximately 7,400 to 7,900 feet
above mean sea level, with moderate slopes dipping to the north-northeast, broken by incised drainage features.
Vegetation cover across the area includes ponderosa pine, juniper-pifion forest, sage scrubland, and dry prairie
grass, with areas of unvegetated sandy and rocky soils (U.S. Department of Agriculture [USDA], 2005).

1.3.2.1 Soils

Soil mapped across the area consists primarily of Evpark-Arabrab complex, with lesser portions of Uranium Mined
Land soils, Parkelei sandy loam, and rock outcrop soils (USDA, 2005). Evpark-Arabrab complex soils consist of thin,
low-organic-content sandy soils and lesser amounts of silts and clays, which may overlay sedimentary bedrock.
These soils support a variety of forest and brush vegetation (USDA, 2005). The Parkelei loam consists of silt, sand,
and clay. These loams occur along summits, plateaus, mesas, and drainage ways, and support a variety of brush
and grass vegetation (USDA, 2005). Rock outcrop soils are areas where erosion has exposed bedrock and alluvial
material has yet to develop into soil horizons. Uranium Mined Land soils include disturbed tailings, waste rock,
ponds, and borrow pits (USDA, 2005).

1.3.2.2 Surface Water

The Ruby Mines are located in the Bluewater Creek reach of the Rio San Jose watershed. Surface drainage from
the Ruby Mines is along incised drainage channels with flow to the south. Ruby Mines Nos. 1 and 3 are near
arroyos that do not contain water for much of the year. Surface flow in this area occurs intermittently during and
subsequent to high rainfall events and during rapid snow melt events. The Continental Divide crosses through
Section 21 in the Ruby Mine No. 1 area. Northwest of the Continental Divide, surface water flows into a closed
basin of the Mariano Lake Depression. In Ruby Mines Nos. 2, 3, and 4 areas, arroyos flow into Smith Lake, an
ephemeral lake that drains east to Casamero Lake, in the San Jose drainage system. Average annual runoff is less
than 5 percent of annual precipitation in this area due to the dry air and vegetation uptake (Fizber, 2013).

1.3.3 Geology and Hydrogeology

The geologic setting of the region consists of folded Cretaceous-age sedimentary rocks on the Chaco Slope of the
southern portion of the San Juan Basin (USGS, 1990). In this area, upper Cretaceous and upper Jurassic
sedimentary rock is faulted and folded, with the Ruby Mines lying on the south limb of an east and east-
southeast—trending syncline (see Figure 5). The mine entrances are on Cretaceous-age Mancos Shale and Dakota
Sandstone formations, and ore was mined within the underlying Jurassic-age Morrison Formation.

1.3.3.1 Stratigraphy

In this region, Mesozoic and Cenozoic sedimentary units outcrop. Unconsolidated Quaternary alluvium and
colluvium are present along incised drainage features and surrounding prominent topographic features, including
Hosta Butte to the north of the Site. Alluvial deposits are present on the weathered upper Cretaceous
sedimentary rocks, from which they are largely derived (USGS, 1990). Cretaceous sandstones of the Point Lookout
and Crevasse Canyon formations, which form the Hosta Butte to the north, overlie the Mancos Shale. The Mancos
Shale overlies the Cretaceous-age Dakota Sandstone. The Dakota Sandstone unconformably overlies the Jurassic-
age Morrison Formation (USGS, 1990). The Morrison Formation includes lithologic units with uranium ore and
also contains aquifers that supply agricultural and domestic water to users in the area (USGS, 1968; Myers, 2010).
The basement rocks that underlie Mesozoic sedimentary units consist of Pre-Cambrian granite and quartzite
(Brister and Hoffman, 2002).
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Dakota and Mancos Formations. The Cretaceous-age Dakota Sandstone Formation consists of fine-to-medium-
grained, well-sorted sandstone with siltstone and shale interbeds (USGS, 1990). Uranium roll-front deposits have
been noted in a few regions within the Dakota Sandstone (Myers, 2010). The Cretaceous-age Mancos Shale
Formation consists of three members, which are predominantly composed of shale, mudstone, and siltstone, but
that also include layers of limestone and sandstone (USGS, 1990).

Morrison Formation. Mine design drawings, geologic cross-sections, and mining reports of the area indicate that
uranium ore was mined from the Brushy Basin and Westwater Canyon members of the upper portion of the
Morrision Formation (USGS, 1968; Myers, 2010; USGS, 1990). The Brushy Basin Member consists of sandy
mudstone with poorly sorted, cross-bedded sandstone lenses and beds (USGS, 1990). The Westwater Member
consists of fine-grained to coarse-grained feldspathic, poorly sorted sandstone with conglomeritic zones

(Myers, 2010; USGS, 1990). The Zuni uplift south of this area produced fault systems and additional deformation
to the south of the site, and may have resulted in fluid flow that produced uranium ore bodies in the area
(Myers, 2010). The ore deposits were mineralized as a result of oxidized fluid flow from plutonic rocks, such as
those found in the Zuni uplift, through sandstones. The fluid flow produced mineralization of ore in permeable
sandstones along the Chaco slope in roll-front deposits (Myers, 2010). The Jurassic-age uranium-ore-producing
rock is covered by Dakota Sandstone and Mancos Shale and does not outcrop in this area.

1.3.3.2 Hydrogeology

Groundwater in the area is present within sandstone aquifers, with water tables occurring at depths between 230
and 800 feet below ground surface (ft bgs; USGS, 1968). Groundwater flow is to the northwest and occurs
primarily through confined and unconfined sandstone aquifers. The Mancos Shale can act as a confining unit in
some areas where there is saturation in the Dakota Sandstone southeast of the site (USGS, 1968).

Groundwater is expected to occur directly beneath the Ruby Mines in the Westwater Canyon Member of the
Morrison Formation (USGS, 1968). The Westwater Canyon Member lies in direct contact with the overlying
uranium-ore-bearing Brushy Basin Member (USGS, 1990). The depth to groundwater and groundwater flow
direction in the Ruby Mines location is unknown. A search of the New Mexico Office of the State Engineer Water
Administrative Technical Engineering Resource System database (http://nmwrrs.ose.state.nm.us/index.html) did
not identify any records of wells for agriculture, domestic water, or mining within Township 15 North, Range 13
West of McKinley County, New Mexico.
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SECTION 2

Data Quality Objectives

The following section presents the type and quality of data needed for environmental decisions to be made during
Phase 2 and describes the methods for collecting and assessing those data that were developed using the
processes described in USEPA’s data quality objective (DQO) process according to Guidance on Systematic
Planning Using the Data Quality Objectives Process EPA QA/G-4 (USEPA, 2006a) and following guidance from
MARRSIM. The DQO process is a series of logical and iterative steps that guide the plan for acquisition of
environmental data. It is comprised of the following steps:

1. State the problem. Define the problem to be studied and describe the conceptual site model (CSM). Review
prior studies and existing information to gain understanding sufficient to define the problem. Identify the
planning team members, including the decision-makers. Prepare problem statements.

2. Identify the goal of the study. Define the decisions to be made. Describe how environmental data will be
used in meeting objectives and solving the problem, identify study questions, define what actions may result
from each decision, and develop decision statements.

3. Identify the information inputs. Identify the data that must be obtained and the measurements that must be
taken to answer the decision statements.

4. Define the study boundaries. Define the target population and characteristics of interest. Specify the
temporal and spatial boundaries to which decisions will apply.

5. Develop the analytical approach. Define the parameter of interest, specify the screening level, and develop
the logic for drawing conclusions from findings.

6. Specify performance and acceptance criteria. Develop performance criteria for data being collected. Define
tolerable decision error rates based on a consideration of the consequences of making an incorrect decision.

7. Develop the plan and optimize the sampling design. Evaluate information from the previous steps and
develop the sampling design that meets the decision statements.

DQOs are developed in the following sections following USEPA guidance and MARSSIM (USEPA, 2000). MARSSIM
provides standardized and consistent approaches for planning, conducting, evaluating, and documenting
environmental radiological surveys to demonstrate compliance with cleanup regulations. This Phase 2 work plan
follows MARSSIM guidance for scoping surveys. The work plan’s primary goals are to provide input to support
classification of key site features, evaluate site radiological impacts, and optimize a subsequent characterization
survey that defines the nature and extent of contamination. The work has been planned following the sequence
of events illustrated in MARSSIM Figure 2.6, “The Scoping Survey Portion of the Radiation Survey and Site
Investigation Process,” which is described in MARSSIM Section 2.4.3.

2.1 State the Problem (DQO Step 1)

This section discusses the CSM, describes the survey areas and background areas, discusses exposure scenarios
and the problems associated with the Site, and explains classification of the survey areas based on MARSSIM
(USEPA, 2000).

2.1.1 Conceptual Site Model

The CSM describes the physical, chemical, and biological relationships between sources of contaminants and
potentially exposed populations. Specifically, the CSM describes and integrates information on the following
(USEPA, 1989):

e Constituents of potential concern (COPCs) and their sources
e COPC fate and transport pathways
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e Potentially exposed populations under current and future scenarios
e Potentially complete exposure pathways between contaminated media and receptors

Each of these components of the CSM for Ruby Mines Site are described below.

2.1.1.1 Constituents of Potential Concern and Sources

As described in Section 1.2.2, uranium ore was mined at the Ruby Mines. Topsoil was removed from near the
adits and stockpiled. Waste rock from driving the decline and drifts was placed in a surface pile outside the adits.
At the conclusion of mining activities the topsoil was placed over the waste rock. The formation underlying the
capped waste rock at Ruby Mine No. 1 is colluvium; this may the same material comprising the cap. At Ruby Mine
No. 3, the waste rock is underlain primarily by Mancos Shale, with a small portion underlain by colluvium; these
materials may be the same as those comprising the cap. As discussed in Section 1.2.4, these waste rock areas
have been capped and periodically maintained to control erosion. The source of additional materials used in
maintenance activities, if any, is not known.

2.1.1.2 COPCs, Sources, and Fate and Transport Pathways
COPCs

The primary COPC at the Ruby Mines is radium-226 (Ra-226) and its decay products (daughters). Naturally
occurring metals sometimes associated with geologic formations in this area include arsenic, vanadium,
molybdenum, selenium, uranium, and mercury. COPCs from anthropomorphic sources that may be present at
mine sites as specified in the ASAOC include volatile organic compounds, semi-volatile organic compounds,
polychlorinated biphenyls (PCBs), total petroleum hydrocarbons, and explosives.

Potential Sources
Potential sources of radiological and other naturally occurring COPCs at the Ruby Mines are:

e Capped waste rock

Disturbed soil, if any, left on the surface near exploratory boreholes

Fugitive emissions from vents and adits

Ore spilled from haul trucks on the access roads (potential secondary source)

Potential anthropogenic sources of COPCs are areas in the vicinity of buildings used for equipment maintenance
and repair.

Because ore was removed from the Ruby Mines and transported off site for milling, the primary remaining
potential source of Ra-226 is the waste rock that is piled outside the adits of Ruby Mine No. 1 and Ruby Mine
No. 3. The waste rock piles were capped at the conclusion of mining activities and periodically maintained to
address areas of cap erosion. In 1984, the covered waste rock area at Ruby Mine No. 1 was capped with a
minimum of 10 feet of compacted fill, and waste rock at Ruby Mine No. 3 was capped with a minimum of

12 inches of compacted fill.

Another potential source of CPOCs is the exploratory boreholes drilled prior to mining to define the extent of the
ore bodies. Cores from these borings were removed from the mine areas for analysis, and drill cuttings were
placed back in the boreholes when they were abandoned. During a site visit in October 2012, localized areas of
disturbance were observed adjacent to some of the exploratory boreholes.

Ore was transported from the Ruby Mines Nos. 1 and 3 adits on unpaved haul roads extending to paved roads.
There are approximately 13,251 feet of unpaved haul roads for Ruby Mine No. 1 and 16,453 feet of unpaved haul
roads for Ruby Mine No. 3. Unintended spills of ore on these roads could be a secondary source of COPCs.

Non-radiological COPCs, if present, are most likely to occur in surface soil in the vicinity of the surface mine plant
facilities at Ruby Mines Nos. 1 and 3 (e.g., warehouse, change house, office, and compressor shed).
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Potential Fate and Transport Pathways
The most likely potential transport pathways for COPCs from the Ruby Mines source areas described above are:

e Suspension and transport of dust by wind
e Transport of soil and sediment by surface water
e Uptake of COPCs from soil and water by vegetation

Transport of primary COPCs to groundwater is unlikely because radium is only moderately soluble in water (USGS,
1998) and is not a very mobile constituent in the environment (Agency for Toxic Substances and Disease Registry
[ATSDR], 1990). Groundwater in the area is present within sandstone aquifers, with water tables occurring at
depths between 230 and 800 ft bgs. In experiments on radium bioavailability in soils and sediment, leaching of
radium from waste pit materials was observed to be low (DelLaune et al., 1996). For radionuclides including
radium, radioactive decay is the only degradation process that results in conversion of a radioisotope to daughter
products. The radioactive half-life of Ra-226 is 1,602 years, and the decay products include radon-222 (Ra-222)
and alpha and gamma emissions (ATSDR, 1990).

Dust Transport

In 1976, WNI monitored meteorological conditions in Section 21 near the Ruby Mine No. 1 adit. These data show
that surface winds blew most often out of the east-southeast through to the west-northwest. General synoptic-
scale conditions are likely represented by most of the occurrences of southwesterly through northwesterly winds.
The occurrence of west-southwesterly and westerly winds during approximately 50 percent of the period of
record indicates the coincidence in direction of both synoptic and drainage winds. The Site is in a generally east—
west-oriented valley. Well-defined drainage winds down the valley are apparent in the daily wind patterns. The
highest average wind speeds during the period of record were associated with winds out of the west-southwest
and west. Lowest average wind speeds, other than those associated with winds classified as variable, were
associated with north-northeasterly through east-northeasterly winds. The average wind speed at the Site was 6.3
miles per hour.

Surface Water Transport

Surface drainage from the Ruby Mines is along incised drainage channels with flow to the south. Ruby Mines
Nos. 1 and 3 are near arroyos that do not contain water for much of the year. Runoff and surface flow in this area
occur intermittently during and subsequent to high rainfall events and during rapid snow melting events.
Transport of COPCs in sediment in surface water is limited by the soil caps maintained over the waste rock.
Erosion of the soil cover has been observed in limited areas and repaired, but exposure of the waste rock
potentially resulted in transport of COPCs to the arroyos via surface water runoff.

Uptake from Soil and Water by Vegetation

Uptake of radium by plants depends on soil and plant type (ATSDR, 1990). Soil-to-plant transfer coefficients are
reported to range from 1.1 x 103to 6.5 (ATSDR, 1990). A partition coefficient of 0.1 was estimated for Ra-226 in
forage and hay.

2.1.1.3 Receptors

Potential receptors in the vicinity of the Ruby Mines include nearby residents, vegetation, and livestock.
Residents

Three residences are within 0.25 miles of the Ruby Mine No. 1 adit at 175 Wolf Canyon Road (Charley, Tso, and
Yarpany). One residence is within 0.25 miles of Ruby Mine No. 3 (Largo). Residents near the mines are served by
public water supplies (Weston, 2009a). The nearest domestic well is 1.3 miles from Ruby Mine No. 1. Population
density in the mine area is about 6 persons per square mile (WNI, 1979a).
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Vegetation

The Ruby Mines lie within the transition zone of two major vegetation communities: the grama-galletta steppe
and the pinyon-juniper woodland, which overlap in northwestern New Mexico (WNI, 1979). Total vegetative cover
within the communities varies from 34 percent to 53 percent.

The steppe is characterized by an abundance of perennial grasses, of which blue grama (Bouteloua gracilis) and
galletta (Hilaria jamesii) are the most prevalent; they provide palatable forage. Blue grama grass, the most
dominant species, is a low-growing perennial bunchgrass and the most valuable forage plant of the region (WNI,
1979a). The woodland community is dominated by Utah juniper (Juniperous osteosperma) and pinyon pine (Pinus
edulis).

Fauna in the vicinity of the Ruby Mines include birds, amphibians, reptiles, and small mammals. The only
predatory species is the coyote (Canis latrans). Special status species observed in McKinley County are the black-
footed ferret (Mustela nigripes), Mexican duck (Anas diazi novimexicana), southern bald eagle (Haliacetus
leucocephalus), and peregrine falcon (Falco peregrines anatum).

Livestock

A primary occupation of residents in the Ruby Mines area is raising sheep and goats, which feed on native
vegetation. Livestock are watered primarily at livestock ponds and wells. A livestock watering well (DWR 6T 519) is
0.25 miles to 4 miles from Ruby Mine No. 1 (Weston, 2009a).

2.1.2 Survey Areas

Based on the site history and CSM, the survey areas shown in Table 2-1 for the scoping survey at the Site have
been identified.

TABLE 2-1
Survey Areas for the Ruby Mines Site

Survey Area

Vents,
Boreholes,
Mine Capped Waste Prospects, Wash/Drainage in Exploratory Structures
No. Rock Adit Haul Road Shafts the Mine Vicinity Boreholes Near Mine
1 X X X X X X X
2 None present None present  Not applicable X Not applicable X Not applicable
3 X X X X X X X
4 None present None present  Not applicable X Not applicable X Not applicable

Under MARSSIM, the capped waste rock piles are considered a potential Class 1 survey unit because they have
had prior remediation or they have a potential for radioactive contamination or known contamination above the
investigation level in the ASAOC SOW. Other survey areas are potential Class 2 survey units because they have a
potential for radioactive contamination but are not expected to exceed the investigation level in the ASAOC SOW.
Other areas not in Class 1 or Class 2 survey units are non-impacted according to MARSSIM because they have no
reasonable potential for residual contamination and are not impacted by past site operations. These potential
classifications will be evaluated in the Phase 2 report once data are available.

2.1.3 Background Reference Areas

Radiological measurements from background reference areas are needed for calibration and for comparison with
survey unit data. MARSSIM defines a background reference area as one with similar physical, chemical,

radiological, and biological characteristics as the site area being remediated, but which has not been
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contaminated by site activities. The distribution and concentration of background radiation in the reference
background area should be the same as that which would be expected on the site if the site had never been
contaminated.

Areas for measurement of background radiological data must be selected such that the ground cover is
representative of that found at the mines and is not affected by mining activities. Additionally, surface water
drainage and prevailing wind are considered. Background reference areas were selected such that the areas are
not susceptible to radiological anomalies from material transported as blown-in dust or sediments transported by
runoff. The areas are upgradient of prevailing wind and away from surface water drainages associated with the
former mines. The wind data from adjacent meteorological stations in Grants, New Mexico, and from site
meteorological monitoring indicate the prevailing wind direction is northeast to southwest (WNI, 1979). Surface
drainages were traced from USGS topographic maps of the area. Background reference areas with minimal
influence from historical activities at the Site were selected; that is, the areas are away from surface water
drainage channels and at higher elevations than the former mine features.

Three background areas were selected to characterize the three predominant geologic materials on which field
radiological measurements and soil analytical samples will be collected. Dakota Sandstone is the formation in
which the ore body lies, and in which vents and exploratory boreholes are located. Mancos Shale is the formation
that overlies the Dakota Sandstone and underlies some surface mine features including the capped waste rock
from Ruby Mine No. 3 and small portions of the capped waste rock from Ruby Mine No. 1. Alluvial sediments are
present largely in low-lying areas and drainage channels, and are derived from various materials. One unit of
these unconsolidated sediments is colluvium and has been mapped under most of the Ruby Mine No. 1 capped
waste rock and a small portion of the Ruby Mine No.3 capped waste rock.

Mancos Shale and Dakota Sandstone background areas were selected based on USGS geologic maps (Figure 5).
These background areas were selected at higher elevations with relatively low topographical relief where they
would be subject to less interference by drainage and wind-blown dust. The areas were selected upgradient or
cross-gradient of prevailing wind from Ruby Mines and adjacent mine adits. Aerial photography was reviewed to
identify areas with minimal surface disturbance. Background areas will be finalized once access has been secured
from property owners and the areas have been cleared of culturally significant resources.

The colluvium background area was selected at the head of one drainage feature that formed over both Mancos
Shale and Dakota Sandstone materials. This area is representative of the conditions found beneath the Ruby Mine
No. 1 capped waste rock and surface features, but has minimal likelihood of impact from mining activities. The
colluvium background area was selected to represent conditions similar to those found in the Ruby Mine No. 1
waste rock; however, the nature of alluvial sediments is highly heterogeneous. Therefore, field investigation
results will be used to evaluate the appropriate use of background data collected from this area.

2.1.4 Definition of Exposure Scenarios

The Site contains historical sources of radionuclides, primarily uranium and its daughter product Ra-226, and
potentially non-radiological COPCs in soils near the former surface operations.

Sources of radionuclides may include capped waste rock. There may also be residual radionuclides in the washes,
near the vents, along haul roads, near exploratory boreholes, and near the two adits. Radionuclides and other
COPCs may have been released from potential source areas to soils and sediments through entrainment of dust in
ambient air by wind; erosion of capped waste rock; and deposition of suspended sediment carried in stormwater
runoff.

These release mechanisms may have resulted in migration of contaminants from the mines to soil, sediment, or
surface water. It is not expected that groundwater is impacted, due to its deep depth (230 to 800 feet) and the
relative immobility of the COPCs.
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2.2 Identify the Decision (DQO Step 2)

The following principal study questions are used for Phase 2:
1. What is the extent of surface gamma radiation at the Site? Are these measurements above screening levels?

2. Have contaminants from mining operations above screening levels been transported and deposited to areas
distant from the Site?

Each survey unit at the mine has more specific study questions, as listed below.
Covered Waste Rock

1. What are the gamma levels on the surface of the capped waste rock?

2. Does the cap adequately cover waste rock?

Adits, Haul Roads, Vents, and Exploratory Boreholes

1. Is gamma radiation present in surface soils above the screening level?

2. Are there visible signs of contamination?

Washes/Drainages

1. Did radionuclides get transported from the mine site into drainages in concentrations above the screening
level? If so, how far downstream did the contamination get deposited?

2. Are there areas within the wash/drainage with accumulated sediments that are above screening levels?

3. Is waste rock present in drainages?

2.3 Identify the Decision Inputs (DQO Step 3)

The data needed to implement Phase 2 are:

e Count rate of collimated surface gamma radiation survey

e Screening level for gamma radiation survey

e Preliminary lateral extent of surface gamma radiation in surface soils

e Nature and concentration of Ra-226, total uranium, and stable metals in the background reference area

2.3.1 Screening Level for Gamma Radiation Survey

A preliminary screening level in counts per minute (cpm) for the gamma radiation survey using a 2-inch-by-2-inch
(2°x2) sodium iodide (Nal) detector is needed to select the radiation detector and to compare data obtained
during Phase 2. The ASAOC SOW selected an investigation level for Ra-226 of 1.24 picocuries per gram (pCi/g)
above background. Since the actual background concentration for Ruby Mines Nos. 1 and 3 cannot be defined
until after this Phase 2 work is conducted, it is assumed that the Ra-226 background concentration is
approximately 1 pCi/g, based on the nearby Northeast Church Rock Quivira Mine Sites background value.

Since the investigation level is given in pCi/g (determined by laboratory analysis) rather than in cpm (used in field
measurements), a relationship between the units is needed to evaluate the screening level to use in the field
during Phase 2. The ASAOC SOW requires scanning measurements to meet a scan minimum detectable
concentration (MDC) of 50 percent of the investigation level. Section 4.0 describes how the scan MDC of the
instrument is predicted to meet this requirement, but this does not establish what value should be used for the
gamma survey in cpm. The Northeast Church Rock Quivira Mine Sites (SENES, 2011) most recently used site-
specific data to develop a correlation between Ra-226 at the soil surface (0 to 6 inches) and gamma radiation
level, as shown in Table 2-2.
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TABLE 2-2
Investigation Levels for Gamma Radiation Survey at Similar Site
Radium-226 Gamma Radiation Level
0-6-inch Soil Concentration using 2x2 Sodium lodide Detector
(pCi/g) (cpm)
0-02.24 0-5,300
>2.24-5.0 >5,300-6,400
>5.0-25.0 >6,400-14,100
>25.0 >14,100

Source: Table 4.5-1, SENES, 2011.

For Phase 2 it is assumed that a gamma radiation level over approximately 5,750 cpm will correlate with a value

> 1.24 pCi/g above background. This screening level value is based on an assumed background count rate of

5,000 cpm and a calculated minimum detectable count rate (MDCR) of 756 cpm. Lead collimators will be used on
the detectors if necessary to verify that the ambient background count rate is no greater than 5,000 com. Section
4.0 explains in more detail the MDCR calculation used to establish the 5,750-cpm screening level. The primary
COPC, as stated in the ASAOC SOW, is Ra-226. Other COPCs identified in the ASAOC SOW are uranium, arsenic,
mercury, molybdenum, selenium, uranium, and vanadium; these will be tested for in surface soil from background
reference areas.

Minimum Detectable Count Rate and Scan MDC

The 2x2 Nal detector can detect Ra-226 to the desired detection level. The MARSSIM framework for determining
the MDCR for field instrument scanning uses two stages of scanning. That is, surveyors do not make decisions on
the basis of a single indication; rather, upon noting an increased number of counts, they pause briefly and then
decide whether to move on or take further measurements. Thus, scanning consists of two components, continu-
ous monitoring and stationary sampling. Accordingly, field instrument surveyor scan MDCs, which are termed
“MDCRs,” are calculated to control the occurrence of Type | (false negative) and Type Il (false positive) errors
using the following MARSSIM equation:

MDCR

pe

where MDCR is the minimum detectable count rate (cpm), p is the surveyor efficiency [estimated in MARSSIM to
be between 0.5 and 0.75, but use of electronic data logging equipment will increase the surveyor efficiency to
1.0], and ¢is the instrument efficiency in cpm per microRoentgen per hour (uR/hr; see MARSSIM Table 6.4). In
addition:

MDCR; =

where s; (counts) is the minimal number of net source counts required for a specified level of performance for the
counting interval i (seconds), d’is the index of sensitivity; and b; is the number of background counts in the
interval. Index of sensitivity d“values are listed in MARSSIM Table 6.5 and are based on the proportions for
required true positive and tolerable false positive occurrence rates. The index of sensitivity value selected for
initial use at the Site is 1.38, corresponding to a true positive proportion of 0.95 and a false positive proportion of
0.60.
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Typical calculated Ra-226 scan MDCs for a survey instrument equipped with a 2x2 Nal detector using this
MARSSIM two-stage scanning framework are summarized in Table 2-2 (above) for background count rates of
5,000 and 10,000 cpm. For a background count rate of 5,000 cpm, the scan MDC for a 2x2 Nal detector is
calculated at 1.4 pCi/g of Ra-226.

2.4 Define the Boundaries (DQO Step 4)

The population of interest is surface soils, sediments, and waste rock at the Site. The lateral boundaries for the
gamma radiation survey are shown in Figure 3 for Ruby Mine No. 1 and Figure 4 for Ruby Mine No. 3, and in
Figures 6, 7, and 8 for the background reference areas. The lateral boundaries were determined considering
information from historical records of past mining practices, site reconnaissance, previous radiological surveys
conducted by the USEPA (Weston, 2009 a, b), ASAOC SOW requirements, and professional judgment using
experience from other uranium mine sites. These lateral boundaries can be revised during field work and step-out
surveys performed following the ASAOC SOW requirements, as described in Section 3.0.

For the covered waste rock, the survey will include the entire capped surface plus step-out areas as appropriate.
For the adits and vents, a 10-foot radius around the surface expression of each feature has been established as
the boundary. If the 10-foot radius is too small, radiological readings and professional judgment will be used to re-
evaluate the step-out distance (and redefine the lateral boundaries) in order to meet the DQOs.

For the concrete pad at Ruby Mine No. 1, the lateral boundary is the 10-foot radius around the pad.

The haul roads survey will include 13,251 feet of haul roads at Ruby Mine No. 1 and 16,453 feet of haul roads at
Ruby Mine No. 3 from the mine to the nearest intersection with a paved road. The lateral boundaries of a road
are defined by visual evidence of disturbed ground plus the shoulders of the road.

Approximately 4,682 feet of washes/drainages at Ruby Mine No. 1 and 2,655 feet at Ruby Mine No. 3 will be
included in the survey. The lateral boundaries of each wash are defined as the creek bed and top of bank.

The boundary for each exploratory borehole area near Ruby Mines Nos. 1 and 3 is a 1-acre area that encompasses
a number of boreholes. Continuous gamma scans along transects 6 feet apart will be taken over exploratory
borehole areas. The top 6 inches of soil defines the vertical boundary for this phase of work because radiation
levels are measured only at the surface, and only surface soil samples are collected.

Potential constraints in the ability to meet the DQOs include physical items prohibiting radiological surveying,
such as water, rocks, and heavy vegetation. Soil underneath the capped waste rock or concrete pad cannot be
surveyed. Areas that could not be surveyed will be noted in the field logbook and evaluated in the next phase.

2.5 Develop the Decision Rules (DQO Step 5)

The problem statements for the Phase 2 work are:

1. If radiation measurements exceed screening levels, additional characterization to define nature and extent of
contamination will be conducted during the next work phase (Phase 3).

2. If the gamma radiation survey results are less than screening levels, the Phase 2 Work Plan will evaluate
whether the area/location can be recommended for unrestricted release and no further investigation.

2.6 Specify the Tolerance on Decision Errors (DQO Step 6)

This phase of work is a non-statistical approach; professional judgment focused on meeting DQOs will be used to
evaluate decision error tolerance for visual interpretations and field measurements.
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2.7 Optimize Sampling Design (DQO Step 7)

The objective of this section is to develop the process for collecting and measuring the decision inputs. The work
plan was designed to support each DQO for the survey areas identified and to comply with the ASAOC SOW and
MARSSIM.

A gamma radiation survey will be performed at each survey area identified (both Class 1 and Class 2 areas) and at
the background reference areas. MARSSIM defines the term “measurement” as (1) the act of using a detector to
determine the level or quantity of radioactivity on a surface or in a sample of material removed from a media
being evaluated or (2) the quantity obtained by the act of measuring. “Direct measurements” are obtained by
placing a detector near the media being surveyed and inferring the radioactivity level directly from the detector
response. “Scanning” is a measurement technique performed by moving a portable radiation detector at a
constant speed above a surface to semi-quantitatively detect areas of elevated activity. For this Phase 2 work
plan, the term “gamma radiation survey” is used to describe the act of measuring gamma radiation using direct
measurement and scanning techniques.

Class 1 and Class 2 Areas

The gamma surveys will be conducted in accordance with MARSSIM scoping surveys as described in MARSSIM
Section 5.2 to meet the DQOs and will include:

e A continuous gamma radiation survey along transects 6 feet apart over each capped waste rock pile

e A continuous gamma radiation survey along transects 6 feet apart over each of the two exploratory borehole
areas

e A gamma radiation survey at adits and vents

e A continuous gamma radiation survey of washes/drainages along the center line of each channel, along the
top of banks, and along transects parallel to and 8 feet away from the banks

e A continuous gamma radiation survey of haul roads along the center line of each road, along the shoulders of
the roads, and along transects located parallel to and 8 feet away from the shoulders of the roads

e Gamma radiation surveys at any previously unidentified areas that contain waste rock, and step-outs in areas
with gamma radiation levels in excess of the screening level

No soil samples will be collected during this phase of work in the Class 1 and 2 areas. The radiation surveys will be
conducted using a 2x2 Nal detector located approximately 18 inches above the ground and a geographic
positioning system (GPS) unit with data recorded electronically at 1-second intervals.

If time permits, static readings will be taken at locations found to have elevated radiation measurements during
the continuous walkover surveys to assist in developing the next phase of work. For the purpose of this survey,
“elevated” will be defined in the field after the walkover surveys are performed.

Background Reference Areas

Continuous gamma monitoring will be performed along transects 6 feet apart over the entire area for each of the
three background reference areas. Static measurements will be taken at 25 randomly chosen locations within
each of the background reference areas. Surface soil samples will be collected from 0 to 0.5 ft bgs at the 25
locations within each background reference area and analyzed for Ra-226 by USEPA Method 901.1. Twelve of
those samples will be analyzed for metals (arsenic, mercury, molybdenum, selenium, uranium, and vanadium) by
USEPA Method 6020/200.8 on standard turn-around time.
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SECTION 3

Field Sampling Plan

3.1 Sampling Rationale and Objectives
3.1.1 Surface Soil (Background Areas Only)

Surface soil will be sampled from three separate areas to provide a statistically robust dataset sufficient for evaluating
background conditions for the Site. The presence of uranium ore bodies in the subsurface indicates that certain
radionuclides and metals are present at relatively high concentrations as a result of natural processes. The analytical
data on Ra-226 and selected metals for the proposed background areas will provide representative datasets from
relatively undisturbed areas. Background analytical datasets should be of sufficient quality to satisfy the data quality
objectives, and sampling design should be sufficient to provide a representative dataset. Samples will be collected as
specified in the QAPP (Appendix A) using the appropriate field form (Appendix B).

3.1.2 Field Radiological Scans

The primary COPC is Ra-226, which can be measured with a Nal detector. Gamma radiation surveys will be
performed for the survey areas using a Ludlum Model 44-10 2x2 Nal gamma scintillation detector connected to a
Ludlum Model 2221 scaler/ratemeter or equivalent coupled to a GPS handset for automated data logging. If
background gamma radiation levels exceed 5,000 cpm, a collimated 2x2 detector may be used to reduce the
background to 5,000 cpm or below. The collimated probe shields the detector to mitigate the effects of adjacent
radiation. A distance of no more than 18 inches above the ground surface will be maintained throughout the
survey. This instrument detects gamma radiation emitted for the bismuth (Bi)-214 progeny of Ra-226, as shown in
Table 3-1.

The radiological properties of Ra-226 and its daughters are important for measurement and detection.
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TABLE 3-1
Energies and Abundance of Principal Emissions from Radionuclides Possibly Present at the Ruby Mines Site
Alpha (MeV)/ Beta (keV)/ Gamma (keV)/
Radionuclide Half-life Abundance (%) Abundance (%) Abundance (%)
225Ra 1,600y 4.78/94.5 - 186/3.2
222Rn 3.82d 5.49/99.9 - -
218pg 3.05m 6.00/99.9 - -
214pp 26.8 m - 672/48.0 295/19.2
729/42.5 352/37.2
214 199 m - 1,505/17.7 609/46.3
1,540/17.9 1,120/15.1
3,270/17.2 1,764/15.8
214pg 164 ps 7.69/99.9 - -
210ph 223y - 16.5/80.2 -
63.0/19.8
210gj 5.01d - 1,161/99.9
210pg 138.4d 5.30/99.9 -
d =day
keV = kiloelectronvolt
m = month

MeV = megaelectronvolt
Ms = microsecond
y = year

As shown in Table 3-1 (above), Bi-214 emits gamma radiation at 609 and 1,764 keV at 80 percent intensity, which
is easily detected and quantified by the Nal detector, compared with the lower-energy emissions of Ra-226 (186
keV at 3 percent intensity), which are difficult to detect. It is assumed that the bismuth and radium are in secular
equilibrium (production rate equals decay rate) and that the concentration of these radionuclides is equivalent.
Therefore, a static gamma radiation level measurement for Ra-226 is consistent with criteria for selection of the
direct measurement method specified in Section 4.7 of MARSSIM.

Radiological survey results at the mines in 2008 ranged from 13,612 cpm to 102,826 cpm at Ruby Mine No. 1 and
from 9,146 cpm to 969,089 cpm at Ruby Mine No. 3; it is presumed (not reported) that a 2x2 Nal detector was
used. When large amounts of a survey unit are scanned, MARSSIM recommends that the scans be systematically
performed along transects. The ASAOC SOW specifies a transect gamma radiation survey using approximately 80-
foot transects. Based on subsequent communication from the USEPA after the ASAOC SOW was finalized, the
Ruby Mines Site will instead use continuous scanning along transects 6 feet apart for capped waste rock piles,
exploratory borehole areas, and background areas. Linear site features such as haul roads and surface drainages
will be investigated using continuous screening down the centerline, along the shoulders of roads and top of
banks of drainages, and eight feet on either side of the shoulders and banks. Continuous screening will be
performed at structures and yards in close proximity to the mines. This will include screening around outside
foundations and within 10 feet of the structure. Three residences are located near the Ruby Mine No. 1 and one
residence is located near the Ruby Mine No. 3. Table 3-2 provides the sampling rationale and objectives for each
survey area shown in Figures 3 and 4 for the mine features and, 6, 7, and 8 for background areas.
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TABLE 3-2
Field Sampling Plan
Preliminary
Survey Area Classification Media Boundaries Primary Data Additional Data
Capped waste Class 1 Gamma Entire cap — Ruby Continuous radiation Static measurements at
rock piles radiation on Mine No. 1, survey measurement locations that exceed
surface soil approximately 25 along transects 6 feet screening levels. Survey
acres; Ruby Mine apart measurements at areas
No. 2, with cap erosion or visual
approximately 15 evidence of exposed
acres. waste rock.
Adits Class 2 Gamma Adit and 10-foot 100% radiation survey Step-outs if
radiation on radius subject to measurements exceed
surface soil professional screening levels.
judgment
Haul roads Class 2 Gamma Ruby Mine No. 1 — Continuous linear Step-outs if
radiation on 13,251 feet of haul radiation survey measurements exceed
surface soil road and shoulder; measurement down screening levels. Static
Ruby Mine No. 3 - centerline, shoulders and measurements at
16,453 feet of haul 8 feet from the shoulders locations that exceed
road and shoulder. parallel to the road. screening levels.
Vents Class 2 Gamma Vent and 15-foot 100% radiation survey Step-outs if
radiation on radius around measurements exceed
surface soil structure. screening levels.
Exploratory Class 2 Gamma 1-acre areas near Continuous radiation Static measurements at
boreholes radiation on Ruby Mines Nos. 1 survey measurement locations that exceed
surface soil and 3. along transects 6 feet screening levels.
apart over each area.
Washes/ Class 2 Gamma 4,682 feet at Ruby Continuous linear Step-outs if
drainages radiation on Mine No. 1 and radiation survey measurements exceed
surface soil 2,655 feet at Ruby measurement down screening levels.
Mine No. 3. center of drainage, top of
banks, and 8 feet from
and parallel to the banks.
Structuresand | NA Gamma 10-foot radius 100% radiation survey. Step-outs if
yards radiation on around structures. measurements exceed
outside of Three residences screening levels.

foundations
and surface
soil

near Ruby Mine No.
1 and one residence
near Ruby Mine
No.3.

Background
reference
areas

Non-impacted

Ra-226 and For colluvium, In each area, collect None.
metals in Dakota Sandstone, surface soil samples from
surface soil (0 and Mancos Shale: 25 randomly selected
to 6 inches) three 2-acre areas in | locations and analyze for
each. Ra-226. Analyze 12 of
those 25 samples for
metals.
Gamma Three 2-acre areas. Continuous radiation None
radiation survey along transects 6

feet apart. Static
measurement at each of
the locations selected for
Ra-226 laboratory
analysis.
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3.0 FIELD SAMPLING PLAN

3.2 Analytical Program

Laboratory analysis is proposed for surface soil samples for COPCs identified in the ASAOC SOW. Analyses are to
be performed for one radionuclide and five metals. The analysis will be subcontracted to a qualified laboratory
with USEPA certification. Quality control and quality assurance (QC/QA) sampling will be included and analytical
data will be validated according to the Quality Assurance Project Plan (QAPP; see Section 4.1).

3.2.1 Analyses

Laboratory analysis is proposed for 50 soil samples and associated QC/QA samples. Each sample will be subject to
the same analytical suite. In a closed system, the Ra-226 daughters would be in equilibrium (equal activity
concentrations) with their parent radionuclide. However, during sampling activities, Ra-226 and its daughters are
partially depleted due to the emanation of Ra-222, which is a noble gas at standard temperature and pressure.
The loss of Ra-222 creates an unequilibrated Pb-214/Bismuth-214 (Bi-214) concentration. The fraction emanated
varies with the containing matrix and atmospheric conditions. The typical emanation is in the range of 20 to 30
percent; that is, results of analysis of Pb-214/Bi-214 would indicate 20 to 30 percent lower Ra-226 concentration.
Once a sample is sealed, daughter in-growth follows the 3.8-day half-life; after 3.8 days, half of the daughters are
restored; after 7.6 days, three-fourths of the daughters have grown in; at 20 days, about 97 percent have grown
in. After 20 days, Pb-214/Bi-214 can be considered to be in equilibrium with parent Ra-226. At equilibrium, the
higher abundance Pb-214/Bi-214 provide a quantitative result for Ra-226 having less uncertainty than
guantification from the lower abundance 186 KeV gamma ray directly from Ra-226. Therefore, Ra-226 analysis by
USEPA Method 901.1 with a standard 21-day in-growth will be requested. Analysis by USEPA Method SW846 6020
for arsenic, mercury, molybdenum, selenium, uranium, and vanadium will also be requested. Comparable
analytical methods will be evaluated according to accuracy and precision requirements during subcontract award.

3.2.2 Analytical Laboratory

ALS laboratories will perform the analyses. Splits of soil samples from background areas will be collected at a rate
of 10 percent per survey area and submitted to USEPA’s laboratory.

3.3 Field Methods

Proposed field efforts include surface soil sampling in the background locations and radiological surveys of the
mine sites. Field methods for soil location selection and sample collection are provided in Section 3.3.1, and
associated QC/QA sampling is discussed in Section 3.3.6. QC/QA samples will be collected as specified in the QAPP
(Appendix A, Section 4). A summary of radiological survey procedures and subcontractor oversight procedures is
provided in Section 5.

3.3.1 Surface Soil

Soil sampling is proposed for three separate background areas. Gamma radiation detectors will be used for field
screening before soil sampling is initiated, and during collection of each soil sample. Up to 25 samples will be
collected at 0 to 0.5 ft bgs across each background area and submitted for laboratory analysis as shown in

Table 3-3. Standard operating procedures will be used to assure sample quality.

In each background area, 25 sample locations will be selected by random number generator to provide
statistically sound calculations. The coordinates for each sample location will be loaded into a hand-held GPS unit
(or equivalent) and provided to the sample team prior to mobilization. The sample locations in the background
reference areas are shown in Figures 6 through 8 and Table 3-3.

Screening measurements will be taken across the grid before sampling. If large anomalies, such as a large rock
outcrop affecting survey measurements, are detected using gamma radiation field screening, the background
location may be shifted to an adjacent area with moderate field readings. Final sample locations will be
GPS-located.
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Soil samples will be collected from each location from surface to 0.5 ft bgs. The sample materials will be placed in

disposable bags to allow for field screening and logging. Where possible, loose soil materials will be scooped using
gloved hands, disposable trowels, and dedicated sample jars to prevent contact with metal implements. In dense,
rocky, or indurated soils, decontaminated hand augers or digging bars may be used to loosen and collect samples.
In areas where QC sampling is designated, additional volume will be collected prior to sample description and

logging.

TABLE 3-3
Proposed Soil Sampling Locations

Coordinates**

Sample Identifier Type Location Analysis Easting Northing
RMMB-A09 Normal Mancos Shale Area Radium-226 -108.21833 35.53869
RMMB-AQ9SPIKE MS/MSD Mancos Shale Area Radium-226 -108.21833 35.53869
RMMB-A19 Normal Mancos Shale Area Radium-226, Metals* -108.21813 35.53870
RMMB-C56 Normal Mancos Shale Area Radium-226 -108.21737 35.53877
RMMB-E15 Normal Mancos Shale Area Radium-226, Metals* -108.21820 35.53876
RMMB-F49 Normal Mancos Shale Area Radium-226 -108.21751 35.53881
RMMB-I23 Normal Mancos Shale Area Radium-226, Metals* -108.21804 35.53884
RMMB-128 Normal Mancos Shale Area Radium-226 -108.21794 35.53884
RMMB-K56 Normal Mancos Shale Area Radium-226, Metals* -108.21736 35.53890
RMMB-L26 Normal Mancos Shale Area Radium-226 -108.21797 35.53889
RMMB-L32 Normal Mancos Shale Area Radium-226, Metals* -108.21785 35.53890
RMMB-LD32 Duplicate Mancos Shale Area Radium-226, Metals* -108.21785 35.53890
RMMB-L32SPIKE MS/MSD Mancos Shale Area Radium-226, Metals* -108.21785 35.53890
RMMB-L70 Normal Mancos Shale Area Radium-226 -108.21707 35.53894
RMMB-Q10 Normal Mancos Shale Area Radium-226, Metals* -108.21830 35.53896
RMMB-Q30 Normal Mancos Shale Area Radium-226 -108.21789 35.53898
RMMB-R70 Normal Mancos Shale Area Radium-226, Metals* -108.21707 35.53904
RMMB-T43 Normal Mancos Shale Area Radium-226 -108.21762 35.53904
RMMB-W05 Normal Mancos Shale Area Radium-226, Metals* -108.21840 35.53905
RMMB-W52 Normal Mancos Shale Area Radium-226 -108.21743 35.53910
RMMB-AN17 Normal Mancos Shale Area Radium-226, Metals* -108.21815 35.53913
RMMB-AN71 Normal Mancos Shale Area Radium-226 -108.21704 35.53919
RMMB-CN72 Normal Mancos Shale Area Radium-226, Metals* -108.21702 35.53922
RMMB-DN38 Normal Mancos Shale Area Radium-226 -108.21772 35.53920
RMMB-DND38 Duplicate Mancos Shale Area Radium-226 -108.21772 35.53920
RMMB-EN63 Normal Mancos Shale Area Radium-226, Metals* -108.21720 35.53924
RMMB-FN46 Normal Mancos Shale Area Radium-226 -108.21755 35.53924
RMMB-GN55 Normal Mancos Shale Area Radium-226, Metals* -108.21737 35.53927
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TABLE 3-3

Proposed Soil Sampling Locations

Coordinates**

Sample Identifier Type Location Analysis Easting Northing
RMMB-HN65 Normal Mancos Shale Area Radium-226 -108.21716 35.53930
RMDB-B60 Normal Dakota Sandstone Area Radium-226 -108.16481 35.51147
RMDB-C44 Normal Dakota Sandstone Area Radium-226, Metals* -108.16507 35.51149
RMDB-F64 Normal Dakota Sandstone Area Radium-226 -108.16479 35.51153
RMDB-H40 Normal Dakota Sandstone Area Radium-226, Metals* -108.165139 35.51156
RMDB-I10 Normal Dakota Sandstone Area Radium-226 -108.165634 35.51157
RMDB-ID10 Duplicate Dakota Sandstone Area Radium-226 -108.165634 35.51157
RMDB-050 Normal Dakota Sandstone Area Radium-226, Metals* -108.164974 35.51165
RMDB-R16 Normal Dakota Sandstone Area Radium-226 -108.165535 35.51170
RMDB-R53 Normal Dakota Sandstone Area Radium-226, Metals* -108.164925 35.51170
RMDB-V20 Normal Dakota Sandstone Area Radium-226 -108.165469 35.51175
RMDB-AN55 Normal Dakota Sandstone Area Radium-226, Metals* -108.164892 35.51182
RMDB-BNO3 Normal Dakota Sandstone Area Radium-226 -108.165750 35.51184
RMDB-CN44 Normal Dakota Sandstone Area Radium-226, Metals* -108.165073 35.51185
RMDB-CN53 Normal Dakota Sandstone Area Radium-226 -108.164925 35.51185
RMDB-DN28 Normal Dakota Sandstone Area Radium-226, Metals* -108.165337 35.51186
RMDB-GN36 Normal Dakota Sandstone Area Radium-226 -108.165205 35.51191
RMDB-HN56 Normal Dakota Sandstone Area Radium-226, Metals* -108.164875 35.51192
RMDB-HND56 Duplicate Dakota Sandstone Area Radium-226, Metals* -108.164875 35.51192
RMDB-HN16SPIKE MS/MSD Dakota Sandstone Area Radium-226, Metals* -108.164875 35.51192
RMDB-LN40 Normal Dakota Sandstone Area Radium-226 -108.165139 35.51198
RMDB-MN51 Normal Dakota Sandstone Area Radium-226, Metals* -108.164958 35.51199
RMDB-SN52 Normal Dakota Sandstone Area Radium-226 -108.164941 35.51207
RMDB-TN46 Normal Dakota Sandstone Area Radium-226, Metals* -108.165040 35.51209
RMDB-UN18 Normal Dakota Sandstone Area Radium-226 -108.165502 35.51210
RMDB-VN27 Normal Dakota Sandstone Area Radium-226, Metals* -108.165354 35.51212
RMDB-XN59 Normal Dakota Sandstone Area Radium-226 -108.164826 35.51214
RMDB-AU44 Normal Dakota Sandstone Area Radium-226, Metals* -108.165073 35.51219
RMDB-EU24 Normal Dakota Sandstone Area Radium-226 -108.165403 35.51224
RMDB-EUD24 Duplicate Dakota Sandstone Area Radium-226 -108.165403 35.51224
RMCB-A02 Normal Colluvium Area Metals* -108.160773 35.515348
RMCB-A14 Normal Colluvium Area Radium-226, Metals* -108.160575 35.515348
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TABLE 3-3
Proposed Soil Sampling Locations

Coordinates**

Sample Identifier Type Location Analysis Easting Northing
RMCB-F57 Normal Colluvium Area Radium-226 -108.159865 35.515418
RMCB-H45 Normal Colluvium Area Radium-226, Metals* -108.160063 35.515446
RMCB-J12 Normal Colluvium Area Radium-226 -108.160608 35.515474
RMCB-L10 Normal Colluvium Area Radium-226, Metals* -108.160641 35.515502
RMCB-L45 Normal Colluvium Area Radium-226 -108.160063 35.515502
RMCB-N52 Normal Colluvium Area Radium-226, Metals* -108.159948 35.515530
RMCB-038 Normal Colluvium Area Radium-226 -108.160179 35.515544
RMCB-0OD38 Duplicate Colluvium Area Radium-226 -108.160179 35.515544
RMCB-P10 Normal Colluvium Area Radium-226, Metals* -108.1606407 35.5155575
RMCB-P54 Normal Colluvium Area Radium-226 -108.1599147 35.5155575
RMCB-R59 Normal Colluvium Area Radium-226, Metals* -108.1598322 35.5155854
RMCB-X18 Normal Colluvium Area Radium-226 -108.1605087 35.5156693
RMCB-X24 Normal Colluvium Area Radium-226, Metals* -108.1604097 35.5156693
RMCB-246 Normal Colluvium Area Radium-226 -108.1600467 35.5156972
RMCB-DN22 Normal Colluvium Area Radium-226, Metals* -108.1602612 35.5157531
RMCB-DN44 Normal Colluvium Area Radium-226 -108.1600797 35.5157531
RMCB-EN34 Normal Colluvium Area Radium-226, Metals* -108.1602447 35.5157671
RMCB-END34 Duplicate Colluvium Area Radium-226, Metals* -108.1602447 35.5157671
RMCB-EN34SPIKE MS/MSD Colluvium Area Radium-226, Metals* -108.1602447 35.5157671
RMCB-FN34 Normal Colluvium Area Radium-226 -108.1602447 35.5157811
RMCB-KN49 Normal Colluvium Area Radium-226, Metals* -108.1599972 35.515851
RMCB-ON49 Normal Colluvium Area Radium-226 -108.1599972 35.5159069
RMCB-RNO6 Normal Colluvium Area Radium-226, Metals* -108.1607067 35.5159488
RMCB-YN15 Normal Colluvium Area Radium-226 -108.1605582 35.5160466
RMCB-EU38 Normal Colluvium Area Radium-226, Metals* -108.1601787 35.5161305
RMCB-GU38 Normal Colluvium Area Radium-226 -108.1603767 35.5161585
RMCB-GUD38 Duplicate Colluvium Area Radium-226 -108.1603767 35.5161585
Notes:

RMMB = Ruby Mine Mancos Shale Background
RMDB = Ruby Mine Dakota Sandstone Background
RMDB = Ruby Mine Colluvium Background
MS/MSD = Matrix Spike/Matrix Spike Duplicate

* Select metals are arsenic, molybdenum, selenium, uranium, and vanadium.
** Estimated Coordinates in WGS 1984 Decimal Degrees.
In laboratory blind duplicate samples, identifiers have the letter "D" inserted prior to the final two numerals.
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Each sample will be field screened and logged before being placed in a sample jar. The gamma radiation detector
will be placed on the bagged sample and the measurement will be recorded in the log. The soil will be described
according to Unified Soil Classification Standards (USCS) methods as described in the standard operating
procedure (SOP), and a GPS location will be recorded for the sample. The following minimum data will be
recorded for each sample:

e SampleID
e Sampling date and time
e Radiation measurement and units

e Soil texture, color, moisture, and primary mineralogy
e GPSlocation

After soil is described and radioactivity readings are taken, the soil will be placed in labeled sample jars and stored
for shipment to the analytical laboratory. Pieces of organic debris, trash, and rock longer than 2 inches will be
excluded from samples. Samples will be contained in unpreserved wide-mouthed glass jars according to the
method requirement listed in Section 3.4.

3.3.2 Gamma Radiation Field Scan

Both scanning (continuous) and static (timed, direct) measurements will be used to meet the DQOs for gamma
radiation surveys at the soil surface.

Scanning surveys will be done to provide the areal extent of gamma radiation exceeding screening levels.
Additionally, if time permits, scans will be done at locations with visible evidence of mine impacts, to provide areal
coverage. The surveyor will walk at a slow rate (3 to 5 feet per second), holding the detector 18 inches above the
ground surface. A Ludlum Model 44-10 2x2 Nal gamma scintillation detector will be used, and will be connected
to a Ludlum Model 2221 scaler/ratemeter or equivalent coupled to a GPS handset for automated data logging. To
meet required detection limits, a collimated probe may be used to shield the detector to mitigate the effects of
adjacent radiation. Applicable portions of the standard operating procedures provided in Appendix C will be used
as appropriate for the scan.

Static surveys will provide the gamma radiation levels at discrete points over large areas. For static
measurements, a surveyor will hold the detector stationary 18 inches above the ground surface for a 1-minute
count time. A Ludlum Model 44-10 2x2 Nal detector coupled with a Model 2221 scaler/ratemeter will be used
because of the combination’s relatively high detection sensitivity.

For both the scanning and static surveys, the instruments will be maintained and operated in accordance with
their respective technical manuals and approved operating procedures. Each detector-scaler/ratemeter set will be
calibrated in accordance with American National Standards Institute (ANSI) N323A, 1997, Radiation Protection
Instrumentation Test and Calibration—Portable Survey Instruments. In addition, performance testing will be
documented daily before use for each detector—scaler/ratemeter set to confirm a reproducible response to a
radioactive check source.

3.3.3 Data Collection Locations

Soil sample and radiological measurement locations will be recorded during field investigations by GPS and post-
processed to achieve sub-meter accuracies for the features. The geographic coordinate system used will be World
Geodetic System (WGS) 84.

3.3.4 Field Quality Control Samples

QC/QA samples will be collected as specified in the QAPP (Appendix A, Section 4). Field duplicates will be
collected on a 10-percent frequency. Replicate split samples will also be collected on a frequency of 10 percent
and provided to the USEPA for independent analysis and verification. Matrix spike and matrix spike duplicate
samples will be collected on a 5 percent frequency. Equipment rinsate samples will be collected only if non-
disposable non-dedicated trowels, scoops, hand augers, or digging bars are used.
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Equipment rinsate samples will be collected from the portions of equipment most in contact with sample material
subsequent to decontamination. Equipment rinsate samples will be collected with ASTM Type Il deionized water
at least once per day and once from each background location.

3.3.5 Decontamination Procedures

Decontamination procedures described in this section and in SOPs are designed to minimize health hazards for
field staff and to minimize transport of potentially radiologically contaminated materials. Thorough
decontamination of non-disposable field sampling equipment and of gamma radiation meters is required to
assure data quality. Gross decontamination of reusable personal protective equipment (PPE) and field equipment
not used for sampling and field measurements is necessary to prevent transport of, and minimize exposure to,
dust and soil with the potential for elevated radionuclide concentrations.

Soil sampling equipment such as trowels, augers, and scoops that come in contact with soils must be
decontaminated prior to use for sampling. The equipment must be thoroughly decontaminated by brushing and
washing with distilled water and Alconox solution to remove sediments, and then rinsed twice in distilled water
and dried.

For tools and equipment not used directly for sampling or susceptible to water damage, an alternative
decontamination procedure should be used. Gross decontamination may be achieved by brushing followed by
wiping with chemical wipes, alcohol swabs, or moist disposable towels.

Reusable PPE such as boots and hardhats should receive gross decontamination when staff are working in areas
where relatively high radiological readings are recorded. If the site safety coordinator and health and safety
manager deem it necessary, a boot wash station and exclusion zone may be established to minimize field staff
exposure to contamination.

3.4 Sample Containers, Preservation, and Storage

Sample handling will comply with standard SOPs and analytical method requirements. Sample materials will be
contained in labeled, clean-certified, laboratory-provided containers after field screening. These containers will be
stored on ice until they are shipped. Table 3-4 lists sample holding and storage requirements.

TABLE 3-4
Sample Container, Preservative, and Holding Time Requirements
Holding Storage
Parameter Matrix Method Sample Container Preservative Time Requirements
Ra-226 Soil USEPA 901.1 8-ounce wide-mouth bottle None NA None
Select metals® Soil SW846 6020/7470A 4-ounce wide-mouth bottle  None 6 months 4°C

Notes:

@ Arsenic, mercury, molybdenum, selenium, uranium, and vanadium
°C = degrees Celsius

3.5 Disposal of Investigation-Derived Waste

Investigation-derived waste for the proposed work is expected to be in the form of household garbage, PPE,
investigation-derived soil, and decontamination liquids. Some waste should be segregated, screened, and
disposed of according to screening results. It is expected that a majority of the waste will be disposed of as
household waste or managed in a manner to prevent waste accumulation.

Household garbage may include food, water bottles, packaging material, unused disposable sampling equipment,
and wooden stakes or pin flags. This material will be bagged or otherwise containerized during field activities, and
disposed of in a container for municipal garbage.
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3.0 FIELD SAMPLING PLAN

Soil will be managed in a way that prevents waste accumulation. Any excess sample material will be returned to
the ground immediately after samples are placed in containers, and no material will be accumulated. Gross
decontamination of non-disposable sampling equipment and PPE will be achieved as near to sample locations as
practicable so soil particles are returned to the general location from which they came.

Disposable PPE and decontamination wipes (including materials such as gloves, boot covers, chemical wipes, and
paper towels) will be placed with like materials in labeled 5-gallon buckets with lids or in other suitable
containers. These materials will be scanned with radiation detectors to allow evaluation of whether the material is
suitable for disposable at a municipal landfill. If radiation levels from containerized PPE are greater than 3 times
the background measurements, the waste will be labeled as potentially radiologically hazardous and retained for
additional characterization and proper disposal according to results. Waste will be disposed according to
applicable regulatory requirements.

Equipment and PPE decontamination liquids will be managed to prevent accumulation of waste. Small quantities
of liquids used to decontaminate PPE such as glasses and boots will be placed on the ground where
decontamination occurs and allowed to evaporate. Sampling equipment will be decontaminated in a way that
minimizes use of liquids (such as by use of dry brushing and chemical wipes). Minimal quantities of liquids used
for sampling equipment decontamination may be placed on the ground at the sample location and allowed to
evaporate. If large quantities of decontamination liquids are generated, or liquids are generated from materials
from locations where very high anomalous readings were collected, the liquids will be containerized on site and
characterized by field measurements and/or laboratory analysis. If disposal is necessary, waste will be disposed
according to applicable regulatory requirements.

3.6 Sample Documentation and Shipment
3.6.1 Field Notes

Field activities will be documented by field notes and photographs to provide a record of activities performed at
the site. Field note procedures should comply with SOPs and include the following minimum information:

e Site conditions

e Staff on site

e Safety briefing topic

e Activities performed, with description, date, and time

e Field measurements, with location and time

e Field samples collected, with time and sample identifiers

Photographic documentation of field procedures, sample locations, and site conditions is recommended. A
detailed photographic log should be generated while collecting photographs.

3.6.2 Sample Identification

Sample identifiers should be consistent and should match those listed in Table 3-3 (above). Sample identifiers
should match between the work plan, GPS data, sample container data, and laboratory chain-of-custodies. Any
field changes or discrepancies should be accounted for.

3.6.3 Labeling

Sample identification numbers will be obtained from the CH2M HILL data manager before sampling is performed.
Sample labels will be attached directly to the sample container.

The following information will be included on the sample label:

e Project name
e Unique sample ID
e Date sampled
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e Time sampled (in military time)
e Initials of sampler(s)
e Parameter for which the container is intended

3.6.4 Chain-of-Custody

The chain-of-custody form is a vital document for samples collected and must be properly completed. It serves as
a record of sample collection information, analysis requests, and sample tracking, and is crucial to maintain from
the time of sample collection to final reporting and decision-making.

The following information will be recorded in the chain-of-custody record at the time of sample collection:

e Project name

e Project number

e Project manager’s name

Sample date

Sample time

Unique sample ID

Number of containers for each sample

e Parameters to be determined for each sample
e Special analytical requests (for example, fast turnaround requirement)
e Sampler’s name

e lLaboratory name

3.6.5 Packaging and Shipment

Sample possession will be traceable from the time of sample collection until receipt of the sample at the analytical
laboratory. Sample possession will be documented according to the chain-of-custody procedures outlined below.

Field Custody

Samples will be in the custody of the field sampler from the time of collection until they are transferred to the
proper dispatcher. Samples will be packed with inert packing material (for example, bubble wrap or plastic
netting) to prevent breakage. For samples requiring a 4 degrees Celsius (°C) holding temperature, samples will be
packed in a cooler with ice packs or “blue ice.” At the end of the sampling effort each day, the field team leader
will inventory the samples against the chain-of-custody form.

Sample Transfer of Custody and Shipment

Generally, samples will be sent overnight to the laboratory using air or ground transport. In some cases, samples
may be delivered to the analytical laboratory by a member of the CH2M HILL field sampling team, or a
representative from the laboratory may pick up the samples on site.

Upon transferring custody of the samples, the individuals relinquishing and receiving them will sign, date, and
note the time of transfer on the chain-of-custody record(s). The method of shipment, courier name, and other
pertinent information will be entered in the remarks section of the chain-of-custody record. Once the record is
completed, the carbon copies will be separated. The field member who relinquished the samples will retain a
copy, and the original will accompany the containers to the laboratory. The field copy will be delivered to the
CH2M HILL data manager and stored in the project files.

Before a sample leaves the site by means other than laboratory courier or CH2M HILL personnel, the chain-of-
custody record will be placed in a sealed Ziploc® bag and taped to the inside of the sample shipment container.
The container will be sealed with fiber tape, and a custody seal will be signed and dated by the relinquishing party
and placed on the container so that the container cannot be opened without breaking the custody seal.

CH2M HILL’s carbon copy will be delivered within 24 hours to the CH2M HILL data manager. A chain-of-custody
record will be maintained in the project files.
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3.0 FIELD SAMPLING PLAN

Within 24 hours of sample receipt, the laboratory will send a letter acknowledging sample receipt to the
CH2M HILL data manager. In the acknowledgment letter, the laboratory will list the samples received, the
associated laboratory IDs, and any problems encountered at sample receipt.

Changes to the analyses requested on the chain-of-custody record (that is, by follow-up phone call from

CH2M HILL) will be noted, initialed, and dated on the chain-of-custody copies retained by both the laboratory and
CH2M HILL. Upon completion of analysis, the analytical laboratory will send copies of the appropriate chain-of-
custody record for each sample to the CH2M HILL data manager.
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SECTION 4

Quality Assurance Program

4.1 Quality Assurance Project Plan

A QAPP was developed for the project and is presented in Appendix A. The QAPP was prepared to describe the
project requirements for field and contract laboratory activities, as well as data assessment activities associated
with this work plan. The QAPP presents in specific terms the policies, organization, functions, and QC/QA
requirements designed to meet the DQOs for the sampling activities described in this work plan. Additionally, the
QAPP establishes the analytical protocols and documentation requirements involved with evaluating whether the
data are collected, reviewed, and analyzed consistently. The QAPP was prepared in accordance with the USEPA
guidance document Guidance for Quality Assurance Project Plans; EPA/240/R-02/009 (USEPA, 2002b).

4.2 Data Management

The quality assurance program will follow CH2M HILL standard procedures for environmental data collection.
Collection of environmental data for the program will follow the policies, procedures, and protocols of the
project-specific data management plan. At a minimum, the data users must have rapid access to stored data and
data entry capabilities. They must also manage sample data using unique sample identification numbers; establish
a sample inventory of new data collected and provide methods of sample inventory reconciliation; store and
provide sample-specific attributes, including location identifiers, sample type and media, and sample date; and
provide reporting and delivery formats to support data analysis and reduction.

4.2.1 Archiving

Hardcopy and electronic versions will be archived in project files and on electronic archive tapes for the duration
of the project, 7 years, or as specified in contractual agreements.

4.2.2 Data Flow and Transfer

The data flow from the laboratory and field to the project staff and data users will be sufficiently documented so
that the data are properly tracked, reviewed, and validated for use.

4.2.3 Record Keeping

In addition to the laboratory data management procedures outlined in Section 7.1 of the QAPP (Appendix A), the
laboratory will maintain electronic and hardcopy records sufficient to recreate each analytical event. At a
minimum, the laboratory will keep records containing raw data including instrument printouts, bench work
sheets, and/or chromatograms with compound identification and quantitation reports.

Laboratory-specific written SOPs for each analytical method and QC/QA function in place at the time of analysis of
project samples.

4.3 Assessment and Oversight

4.3.1 Assessments and Response Actions

The counting systems and instruments used in support of this Phase 2 fieldwork will be calibrated in accordance
with ANSI N323A, 1997, with a source traceable through National Institute of Standards and Technology (NIST), at
intervals not exceeding 12 months for laboratory counting systems and not exceeding 6 months, as recommended
by the MARSSIM, for portable field survey instruments. The source used will be appropriate for the type and
energy of the radiation to be detected. Calibrations will be documented and the documentation will include the
source data.
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Source and Instrument Checks

Each day that a counting system and instrument are used, the system’s response will be checked using an
appropriate source before use. In addition, these procedures will be followed:

e For field instrumentation, source check acceptance criteria (e.g., £2 sigma for direct [integrated]
measurements and 20 percent for rate measurements) will be established prior to beginning the work.

e Source check results will be documented on appropriate forms.

e |f a source check fails, it will be repeated. Consecutive failure will result in additional testing of the counting
system, in accordance with the applicable procedure, and ultimately may require removing the counting
system from service.

e Survey data acquired prior to an instrument failing a source check will be reviewed and documented by the
onsite radiological field technician or radiation safety officer to determine the validity of the data.

e If aninstrument fails in the field, the onsite radiological field technician or radiation safety officer will
investigate suspect data and document the investigation.

4.3.2 Nonconformance and Corrective Action

Corrective action may be required as a result of deviations from field or analytical procedures. Deficiencies
identified in audits and data quality evaluations may also call for corrective action. Project personnel have the
responsibility, as part of normal work duties, to identify, report, and solicit approval of corrective actions for
conditions adverse to data quality.

The QAPP has specified the corrective action to be taken when deviations from calibration and QC acceptance
criteria occur. Field and laboratory staff may encounter conditions that require immediate corrective action that
are not addressed in the work plan. These personnel will document conditions and the results of corrective
actions in a field logbook or laboratory non-conformance report and communicate their actions as soon as
feasible to the field team leader, laboratory supervisor, and, if necessary, the project chemist for immediate input.
A mechanism will be in place to allow for supervisory review and/or client input for deviations or deficiencies. A
corrective action reporting system that requires immediate documentation of deviations or deficiencies and for
supervisory review of the actions taken to correct them will be established. At a minimum, the corrective action
report should include:

e The type of deviation or deficiency

e The date of occurrence

e The impact of the deviation or deficiency, such as samples affected
e The corrective action taken

e Documentation that the process has been returned to control

Each corrective action report must be reviewed and approved by an authority, such as the field team leader or
laboratory supervisor. The ultimate responsibility for the laboratory corrective action process is the laboratory QC
manager, who must confirm that out-of-control or non-conformance events are properly documented, approved,
and closed out. A corrective action report will summarize each non-conformance condition, and will be forwarded
to the field team leader or project chemist. Copies of corrective action reports must be maintained in the
laboratory or field project files.

4.3.3 Data Validation and Usability

Data is validated to see that the requirements stated in the planning documents are implemented as prescribed
and that the results of the data collection activities support the objectives of the work plan as documented in the
QAPP. Data quality assessment is the scientific and statistical evaluation of data to assess whether the data are of
the right type, quality, and quantity to support their intended use.
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4.3.4 \Verification and Validation Methods

Laboratories are required to submit a data package for data in accordance with the requirements defined in the
QAPP. The review of data from contract laboratories associated with field activities will be at Level lll, and 10
percent of the data will undergo Level IV data validation. For Level lll, summary forms are reviewed, but not the
raw data. This review includes laboratory and field QC sample results to determine whether the analytical process
is in control.

Each sample will be verified during validation to ensure that the procedures used to generate the data were
implemented as specified. Data validation activities should determine evaluate how much a sample deviated
beyond the acceptable limit so that the potential effects of the deviation can be evaluated during data quality
assessment.

This plan specifies the QC checks that are to be performed during sample collection, handling, and analysis to
indicate the quality of data being produced by specific steps of the measurement process. Checks include
calibration and analyses of check standards, blanks, spikes, and replicates.

Data validation should document any corrective actions that were taken, which samples were affected, and the
potential effect of the actions on the validity of the data. When issues are identified in the verification and
validation process, the validator will make appropriate comments and/or assign data flags to alert the data user to
potential limitations on the usability of the data.

Level IV consists of review and cross-check of all required data deliverables; review of all raw data; recalculation
of all values, including standards concentration, reagent preparation, percent moisture values, analytical results,
etc.; comparison of all recalculated values to the reported values; and flagging of all data that were not produced
in accordance with the specifications set forth in this work plan and laboratory QAPP. All electronic copy entries
will be verified against hard-copy results reported by the laboratory and sampling personnel. If the hard copy is
generated by the same information management system used to store the electronic data, this review is not
required.

4.3.5 Reconciliation with User Requirements

Data collected during the field activities will be reconciled with the requirements of the data user.
The five steps in the data quality assurance process are:

Review the DQOs and sampling design
Conduct a preliminary data review

Select the statistical test

Verify the assumptions of the statistical test
Draw conclusions from the data

e W e

The data quality assurance process is applied iteratively; it progresses in a logical and efficient manner to promote
understanding of how well the data will meet their intended use.
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SECTION 5

Project Management

5.1 Project Organization and Key Personnel

The responsibilities and contact information for key project personnel are listed in Table 5-1.

TABLE 5-1
Project Personnel Contact Information

Name Organization Title Contact Information
Stuart Brown WNI Project Coordinator Phone: 602/448-0972

Email: Stuart_Brown@fmi.com

Liz Dodge CH2M HILL Project Manager Phone: 510/579-1002
Email: edodge@ch2m.com

Jennifer Laggan CH2M HILL Field Investigation Task Manager Phone (work): 720/286-0513
Phone (mobile): 303/249-4273
Email: jlaggan@ch2m.com

Kira Sykes CH2M HILL Radiation Health Physics Phone (work): 503/872-4510
Phone (mobile): 503/819-8660
Email: ksykes@ch2m.com

Jeff Hilgaertner CH2M HILL Health and Safety Manager Phone (work): 480/626-4632
Phone (mobile): 714/552-1971
Email: Jeffrey.hilgaertner@ch2m.com

The responsibilities for key project personnel are described below.

5.1.1 Project Coordinator

The Project Coordinator, Stuart Brown, is responsible for overall program execution and quality, and for execution
of the work plan activities and assurance of the quality of the data collected and interpretations presented in the
investigation report. He is also the WNI lead on all agency communications.

5.1.2 CH2M HILL Project Manager

The CH2M HILL Project Manager, Liz Dodge, is responsible for project management, quality control, document
preparation and review, field activities, and preparation of the Phase 2 investigation report.

5.1.3 CH2M HILL Field Investigation Task Manager and Data Manager

The CH2M HILL Field Investigation Task Manager, Jennifer Laggan, is responsible for coordinating the
investigations and surveys, staffing and managing execution of field activities, and managing subcontractor
personnel. She also is responsible for coordinating and overseeing compilation, updating, and maintenance of an
electronic database of analytical data, field measurements, and associated data validation information.

5.1.4 Health and Safety Manager and Radiological Safety Officer

Jeff Hilgaertner is CH2M HILL's Health and Safety Manager and is responsible for preparing and overseeing the
implementation of the Ruby Mines Phase 2 health and safety plan included in Appendix D of this work plan. Jeff
Thompson is the Radiation Safety Officer serving as the principal technical resource to the team on radiation
safety; he recommends and implements radiation safety policies and procedures. Field investigation team
members Jim Crew and Ben Moayyad will also serve as site safety officers under the direction of the Health and
Safety Manager.

SFO\ 132180001 5-1
ES061713183717BAO



5.0 PROJECT MANAGEMENT

5.1.5 CH2M HILL Data Quality Manager and Project Chemist

The CH2M HILL Data Quality Manager and Project Chemist, Mark Fesler, is responsible for overseeing project
analytical activities and developing laboratory analytical reports in a timely manner. He is also responsible for
managing the analytical laboratory, coordinating and overseeing the laboratory quality assurance program, and
validating the analytical data.

5.1.6 Radiological Specialist

The radiological technical specialist, Kira Sykes, is responsible for planning and overseeing the gamma surveys and
directing the gamma survey subcontractor, Permafix, as well as for evaluating and interpreting the results.

5.1.7 Field Investigation Team Members

Surface soil sample collection and gamma surveys will be performed by CH2M HILL’s subcontractor, Permafix.
They will be overseen by CH2M HILL's field team members Jim Crew and/or Ben Moayyad, who are responsible
for implementing the field activities described in this work plan under the direction of the CH2M HILL Field
Investigation Task Manager.

5.1.8 Regulatory Oversight

USEPA Region 9 will oversee the work. The USEPA Region 9 Remedial Project Manager (RPM) is Mark Ripperda.
The Navajo Nation Environmental Protection Agency (NNEPA) representative is Stanley Edison.

5.2 Schedule and Deliverables

Field work will begin within 30 days after USEPA’s approval of this work plan, subject to completing arrangements
for access on Navajo-controlled lands and approval of cultural resource surveys by the Navajo Historic
Preservation Department and U.S. BIA. An estimated 3 weeks will be needed to mobilize and to coordinate
oversight by USEPA and NNEPA, conduct the field work, and demobilize. Laboratory analysis will require 3 weeks
for validated metals data. Analysis and validation of radionuclide data will require 6 weeks due to the in-growth
time required. The initial phase of the field work will include collection of background soil samples and static
gamma measurements to evaluate background and develop correlation data for the gamma radiation surveys.
Data will be analyzed concurrent with and subsequent to field activities, and results will be presented in the Phase
2 investigation report. The data analysis and preparation of a draft investigation report will be submitted 45 days
following completion of field work.

A report will be prepared documenting the results of the Phase 2 investigation following the requirements of the
ASAOC SOW and using MARSSIM guidance. The report will include the following:

e A summary of field work performed
e Updated figures of site features including GPS coordinates
e Updated CSM and general extent of residual radioactivity

e Evaluation of Ra-226 concentration in soil in background reference areas and direct gamma radiation
measurements

e Summary of results for the background reference areas including data tables with results of laboratory
analyses and calculated background values for arsenic, vanadium, molybdenum, selenium, uranium, and
mercury

e Summary of results including figures with gamma radiation survey results
e QC/QA evaluations
e laboratory reports

e Field data
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A draft Ruby Mines Phase 2 Background and Gamma Screening Summary Report will be submitted to the USEPA
and NNEPA for review. Comments will be submitted in writing, and once comments have been received, a
comment response document will be provided to the USEPA. A conference call or meeting may be required to
discuss comments and comment responses. The investigation report for Phase 2 will be revised based on
comment adjudication and will include sampling methods, sample locations, and results of the field activities
described in this work plan.
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1.0 Introduction

This CH2M HILL Quality Assurance Project Plan (QAPP) was developed to provide a platform for presenting
quality assurance/quality control (QA/QC) procedures, policies, and requirements for the Ruby Mines
Transect Gamma Scan and Background Study to ensure that data are scientifically valid and defensible. This
QAPP is a component of the Ruby Mines Phase 2 Work Plan Transect Gamma Scan and Background Study
prepared specifically for this site. The work plan contains a description of the site, site background,
constituents of concern, proposed sampling activities, and this QAPP, and is intended to describe the project
requirements for all field, sample analysis, and data assessment activities associated with this project.

This QAPP is intended for use by CH2M HILL and its subcontractors who provide services associated with the
environmental data collection effort. The QAPP supplements the work plan and any other project-specific
documents. Guidance set forth in this QAPP will be followed in the absence of the aforementioned
documents.

1.1 Background

See Sections 1.2 and 1.3 of the work plan for a detailed description of the site history and physical setting.

1.2 Data Quality Objectives

This QAPP presents the QA/QC requirements designed to ensure that environmental data collected will be
of the appropriate quality to achieve the objectives defined in Section 2.0 of the work plan. Specific
protocols for sampling, sample handling and storage, chain-of-custody, laboratory analyses, data handling,
and data evaluation and assessment are discussed in this QAPP. Requirements for performance evaluations
(PEs), corrective actions, and preventive maintenance of equipment are also specified.

The QAPP was prepared in accordance with the U.S. Environmental Protection Agency (EPA) guidance
document Guidance for Quality Assurance Project Plans; EPA/240/R-02/009 (EPA, 2002a). The objectives of
the QAPP are:

e Ensure that data collection and measurement procedures are standardized among all participants

e  Monitor the performance of the various measurement systems being used in the program to maintain
statistical control and provide rapid feedback, so that corrective measures, if needed, can be taken
before data quality is compromised

e Periodically assess the performance of these measurement systems and their components

e Verify that reported data are sufficiently precise, accurate, representative, complete, and comparable
(PARCC), so that they are suitable for their intended use

The data quality objectives (DQOs) for this project were established based on the EPA document Guidance
on Systematic Planning Using the Data Quality Objectives Process EPA QA/G-4 (EPA, 2006a) and following
guidance from the document Multi-Agency Radiation Survey and Site Investigation Manual (MARRSIM). The
DQOs are the basis for the design of the data collection plan and therefore specify the type, quality, and
quantity of data to be collected and explain how the data are to be used to make the appropriate decisions
for the project. The DQOs were developed through a seven-step process, and are listed in Section 2.0 of the
work plan.

RUBY_PHASE_2_QAPP_FINAL 1-1
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2.0 Project Organization and Responsibility

2.1

Project Organization

The responsibilities and contact information for key project personnel are listed in Table 2-1.

TABLE 2-1

Project Personnel Contact Information

Name

Organization

Title

Contact Information

Stuart Brown WNC WNC Representative Phone: 602/448-0972
Email: Stuart_Brown@fmi.com
Liz Dodge CH2M HILL Project Manager Phone: 510/579-1002
Email: edodge@ch2m.com
Jennifer Laggan CH2M HILL Field Investigation Task Phone work: 720/286-0513
Manager Phone mobile: 303/249-4273
Email: jlaggan@ch2m.com
Kira Sykes CH2M HILL Gamma Survey; Health Phone work: 503/872-4510
Physics (radiological Phone mobile: 503/819-8660
specialist)
Email: ksykes@ch2m.com
Jeff Hilgaertner CH2M HILL Health and Safety Phone work: 480/626-4632
Manager Phone mobile: 714/552-1971
Email: Jeffrey.hilgaertner@ch2m.com
Mark Fesler CH2M HILL Data Quality Manager; Phone work: 530/229-3273

Project Chemist

Email: mark.fesler@ch2m.com

The responsibilities for key project personnel are described below:

211

Western Nuclear Corporation (WNC) Representative

The WNC representative, Stuart Brown, is responsible for overall program execution and quality, and
responsible for the execution of the Work Plan activities and the quality of the data collected and
interpretations presented in the investigation report. He is also the WNC lead on all agency

communications.

2.1.2 CH2M HILL Project Manager

The CH2M HILL Project Manager, Liz Dodge, is responsible for overall project management, quality control,
document preparation and review, field activities, and preparation of the Phase 2 investigation report.

2.1.3 CH2M HILL Field Investigation Task Manager and Data Manager

The CH2M HILL Field Investigation Task Manager, Jennifer Laggan, is responsible for coordinating the
investigations and surveys, staffing and overseeing execution of field activities, and managing subcontractor
personnel. She also is responsible for coordinating and overseeing the compilation, updating, and
maintenance of an electronic database of all analytical data, field measurements, and associated data
validation information.

2.1.4 Health and Safety Manager and Radiological Safety Officer

Jeff Hilgaertner is CH2M HILL's Health and Safety Manager responsible for preparing and overseeing the
implementation of the Ruby Mine Phase 2 health and safety plan included in Appendix D of the work plan.

RUBY_PHASE_2_QAPP_FINAL
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RUBY MINE QUALITY ASSURANCE PROJECT PLAN 2.0 PROJECT ORGANIZATION AND RESPONSIBILITY

Jeff Thompson is the radiological safety officer; he serves as the principal technical resource to the team on
radiation safety and recommends and implements radiation safety policies and procedures.

2.1.5 CH2M HILL Data Quality Manager and Project Chemist

The CH2M HILL Data Quality Manager and Project Chemist, Mark Fesler, is responsible for overseeing

project analytical activities and developing laboratory analytical reports in a timely manner. He is also

responsible for management of the analytical laboratory, coordination and oversight of the laboratory
quality assurance program, and validation of the analytical data.

2.1.6 Radiological Specialist

The radiological technical specialist, Kira Sykes, is responsible for planning and overseeing the gamma
surveys and directing the gamma survey subcontractor, Permafix, as well as for evaluation and
interpretation of the results.

2.1.7 Field Investigation Team Members

Surface soil sample collection and gamma surveys will be performed by CH2M HILL’s subcontractor,
Permafix. They will be overseen by CH2M HILL's field team members Jim Crew and/or Ben Moayyad, who
are responsible for implementing the field activities described this work plan under the direction of the
CH2M HILL Field Investigation Task Manager.

2.1.8 Regulatory Oversight

EPA Region 9 will oversee the work. The EPA Region 9 Remedial Project Manager (RPM) is Mark Ripperda.
The Navajo EPA representative is Stanley Edison.

2.2 Training and Certification Requirements

All personnel engaged in field activities will have completed the Occupational Safety and Health
Administration (OSHA) 40-hour health and safety training that meets the requirements of 29 Code of
Federal Regulations (CFR) 1910.120 and Title 8 California Code of Regulations (CCR) 5192. All sub-contracted
project personnel will read the project-specific health and safety plan. Documentation will be maintained to
demonstrate that all requirements of the plan are followed.

All laboratories participating in analytical services will be certified as required by applicable state and/or
federal agencies for the fields of testing relevant to the requirements for each individual project. The
laboratory managers will be responsible for ensuring that all personnel have been properly trained and are
qualified to perform their assigned tasks.
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3.0 Data Quality Indicators and Quality Assurance
Program

3.1 Data Quality Indicators

The PARCC parameters are indicators of data quality. Ideally, the end use of the measurement data will
define the necessary PARCC parameters. Both definitive and screening data will be subject to PARCC
requirements.

3.1.1 Precision

Precision is a measure of reproducibility of analytical results. It can be defined as the degree of mutual
agreement among individual measurements obtained under similar conditions. Total precision is a function
of the variability associated with both sampling and analysis. Precision will be evaluated as the relative
percent difference (RPD) between field duplicate sample results or between the matrix spike (MS) and
matrix spike duplicate (MSD) results. Field duplicates will comprise 10 percent of the sampling effort.
MS/MSD samples will be field-designated at a 5 percent frequency.

3.1.2 Accuracy

Accuracy is the degree of agreement between a measured value and the “true” or expected value. It
represents an estimate of total error from a single measurement, including both systematic or matrix error
(bias) and random error that may reflect variability due to imprecision. Accuracy is evaluated in terms of
percent recoveries determined from results of MS/MSD and laboratory control sample (LCS) analyses.

3.1.3 Representativeness

Representativeness is the degree to which sample data accurately reflect the characteristics of a population
of samples. It is achieved through a well-designed sampling program and by using standardized sampling
strategies and techniques and analytical procedures. Factors that can affect representativeness include site
homogeneity, sample homogeneity at a single point, and available information around which the sampling
program is designed. Using multiple methods to measure an analyte can also result in non-
representativeness of sample data.

3.1.4 Completeness

Completeness is the amount of valid measurements compared to the total amount generated. It will be
determined for each method, matrix, and analyte combination. The completeness goals for this project were
optimized to meet the DQOs. The goals for this program are 90 percent completeness for soil samples.

3.1.5 Comparability

Comparability is the confidence with which one data set can be compared to another. It is achieved by
maintaining standard techniques and procedures for collecting and analyzing samples and reporting the
analytical results in standard units. Results of PE samples and systems audits will provide additional
information for assessing comparability of data among participating subcontractor laboratories.

3.2 Method Detection Limits, Minimum Detectable Activity,
and Reporting Limits
3.2.1 Method Detection Limits

The method detection limit (MDL) is the minimum concentration of a substance that can be measured and
reported with 99 percent confidence that the analyte concentration is greater than zero. Each participating
laboratory will determine the MDL for each method, matrix, and analyte for each instrument that will be
used to analyze samples. MDLs will be established for the analysis of metals by EPA Method SW6020 for this

RUBY_PHASE_2_QAPP_FINAL 3-1
ES061713183717BAO



RUBY MINE QUALITY ASSURANCE PROJECT PLAN 3.0 DATA QUALITY INDICATORS AND QUALITY ASSURANCE PROGRAM

project. The MDLs will be initially determined prior to analyzing samples, and will be redetermined at least
once every 12 months.

1. Estimate the MDL using one of the following:

a. The concentration value that corresponds to an instrument signal/noise ratio in the range of 2.5 to
5, or

b. The concentration equivalent of 3 times the standard deviation of replicate measurement of the
analyte in reagent water, or

c. The region of the standard curve where there is a significant change in sensitivity (i.e., a break in the
slope of the standard curve).

2. Prepare (e.g., extract, digest) and analyze seven samples of an MS (American Society for Testing
Materials [ASTM] Type Il water for aqueous methods, Ottawa sand for soil methods, glass beads of
1 millimeter (mm) diameter or smaller for metals) containing the analyte of interest at a concentration
three to five times the estimated MDL.

3. Determine the variance (S?) for each analyte as follows:

$2= ﬁ{i(x, —2)2} (1)

Xi = the nth measurement of the variable x and

x|
I

the average value of x

>

X = X, (2)

i=1

S|

4. Determine the standard deviation (s) for each analyte as follows:
s = (S2)12

5. Determine the MDL for each analyte as follows:
MDL = 3.14(s)

(note: 3.14 is the one-sided t-statistic at the 99 percent confidence level appropriate for determining the
MDL using seven samples)

6. If the spike level used in step 2 is more than 10 times the calculated MDL, repeat the process using a
smaller spike level.

3.2.2 Minimum Detectable Activity

The minimum detectable activity (MDA) is the smallest amount of activity or mass of an analyte in a sample
that will be detected with a probability B of non-detection (Type Il error) while accepting a probability a of
erroneously deciding that a positive (non-zero) quantity of analyte is present in an appropriate blank sample
(Type | error). The MDA is specific to the analysis of radionuclides by EPA Method 901.1 for this project.

3.2.3 Reporting Limits

Reporting limits will be equal to or greater than two times the calculated MDL. Reporting limits used by the
laboratory will not be greater than the project-specific limit objectives listed in Tables 5-2 and 5-3 in
Appendix 1.
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3.0 DATA QUALITY INDICATORS AND QUALITY ASSURANCE PROGRAM RUBY MINE QUALITY ASSURANCE PROJECT PLAN

When using a multi-point calibration of instruments, a standard at a concentration equal to or less than the
reporting limit must be included. The following options will be used when reporting data for this project:

1. Analytes at concentrations greater than the laboratory’s MDL but less than the reporting limit will be
flagged as estimated with a “J” qualifier and reported. Analytes that are not detected at or above the
laboratory’s MDL will be reported as not detected at the MDL, and flagged “U.”

2. Analytes at concentrations greater than the laboratory’s MDA will be reported only. Analytes that are
not detected greater than the MDA will be reported as not detected at the MDA and flagged “U.”

Reporting limits and sample results will be reported to two significant figures if less than 10 and to three
significant figures otherwise. Sample results will be reported on a dry-weight basis for soil samples.

3.3 Field Quality Control Samples

QC samples will be collected to monitor accuracy, precision, and the presence of field contamination. The
frequency of collection of the QC samples outlined below is recommended, and collection will follow the
protocols for sample collection outlined in the work plan.

3.3.1 Field Duplicate Samples

A field duplicate is an independent sample collected as close as possible to the original sample from the
same source under identical conditions, and is used to document sampling and analytical precision and
representativeness. Field duplicates will be collected at a minimum frequency of 10 percent or one per
sampling event, whichever is more frequent, for each matrix and for each type of analysis. Field duplicate
samples will be blind to the laboratory along with regular field samples such that the laboratory will not
know the duplicate/parent sample relationship.

3.3.2 Equipment Blanks

Equipment rinsate samples will be collected only if non-disposable non-dedicated trowels, scoops, hand
augers, or digging bars are used. If necessary, equipment rinsate blanks will be collected to evaluate field
sampling and decontamination procedures by pouring (ASTM) Type Il or deionized water over the
decontaminated equipment. Equipment rinsate blanks will be collected at least once per day and once from
each background location. The equipment blanks will be analyzed for the same parameters specified for the
corresponding sample matrix.

3.3.3 Matrix Spike/Matrix Spike Duplicate

A MS/MSD consists of duplicate field sample aliquots spiked by the laboratory with all analytes of concern to
evaluate the effects of the matrix on the recoveries of these analytes. MS/MSD samples should be collected
for each analysis, and designated on the chain-of-custody form for use as MS/MSD by the laboratory. The
duplicate aliquots for MS/MSD analyses should be collected simultaneously or in immediate succession with
the parent sample. They will be treated in exactly the same manner as the parent sample during storage and
shipment. The sampling locations for the MS/MSD will be documented in the field logbook.

3.4 Laboratory Elements of Quality Control

Laboratory quality control (QC) checks indicate the state of control that prevailed at the time of sample
analysis and includes calibrations, method blanks, and LCSs. QC checks that involve field samples, such as
MS, surrogate spikes, field duplicates, and laboratory sample duplicates, provide an indication of the
presence of matrix effects. Field-originated blanks provide a way to monitor for potential contamination
that field samples are subjected to.

All laboratory QC will be in accordance with method specifications including, but not limited to:

e Method blanks
e Holdtime
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e |nitial calibrations

e Continuing calibrations

Second source check samples
Instrument tuning

LCS

MS/MSD

e Post digestion spikes and serial dilutions
e Internal standards

3.4.1 Analytical Batch

A laboratory QC batch is defined as a method blank, an LCS, an MS/MSD, or a sample duplicate depending

upon the method, and consists of 20 or fewer environmental samples of similar matrix that are digested or
analyzed together. Each preparation or analytical batch should be identified so environmental samples can
be associated with the appropriate laboratory QC samples.

3.4.2 Instrument Calibration

Laboratory instruments will be calibrated by qualified personnel prior to sample analysis according to the
procedures specified in each method. Calibration will be verified at method-specified intervals throughout
the analysis sequence. The frequency and acceptance criteria for calibration are specified for each analytical
method. Samples should be diluted, if necessary, to bring analyte responses within the calibration range.
Data that exceed the calibration range cannot be reported by the laboratory. The initial calibration curve will
be verified as accurate with a standard purchased or prepared from an independent second source. The
initial calibration verification involves analysis of a standard containing all the target analytes, typically in the
middle of the calibration range, each time the initial calibration is performed. Quantitation based on
extrapolation is not desirable.

3.4.2.1 Initial Calibration

The following outlines the acceptable calibration option, which the laboratory should use for establishing
the initial calibration:

e Llinear calibration using a linear regression equation (y=mx+b). The correlation coefficient must equal
0.995 or more. The line should NOT be forced through the origin. The equation and a plot of the linear
regression must be included in the raw data to be generated by the laboratory, and made available in
the data package on the client’s request.

3.4.2.2 Continuing Calibration

Periodic verification of the initial calibration is essential in generating analytical data of known quality. The
continuing calibration verification analyses ensure that the instrument has not been adversely affected by
the sample matrix or other instrument failures that would increase or decrease the sensitivity or accuracy of
the method. The laboratory will perform continuing calibration for all methods according to the specific
requirements in the method and laboratory standard operating procedure (SOP).

3.4.3 Method Blank

Blanks are used to monitor each preparation or analytical batch for interference and/or contamination from
glassware, reagents, and other potential contaminant sources within the laboratory. A method blank is
analyte-free matrix (e.g., Ottawa sand or Teflon chips for soil samples) to which all reagents are added in the
same amount or proportions as are added to samples. It is processed through the entire sample preparation
and analytical procedures along with the samples in the batch. There should be at least one method blank
per preparation or analytical batch. If a target analyte is found at a concentration that exceeds the reporting
limit, corrective action must be taken to identify and eliminate the contamination source. All associated
samples must be re-prepared and/or reanalyzed after the contamination source has been eliminated. No
analytical data may be corrected for the concentration found in the blank.
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3.4.4 Laboratory Control Sample

The LCS will consist of analyte-free matrix (e.g., Ottawa sand or Teflon chips for soil samples) spiked with
known amounts of analytes that come from a source different than that used for calibration standards.
Target analytes specified in the QAPP will be spiked into the LCS. The spike levels should be less than or
equal to the mid-point of the calibration range. If LCS results are outside the specified control limits,
corrective action must be taken, including sample re-preparation and/or reanalysis, if appropriate. If more
than one LCS is analyzed in a preparation or analytical batch, the results of all the LCSs must be reported.
Any LCS recovery outside of QC limits affects the accuracy for the entire batch and requires corrective
action.

3.4.5 Matrix Spike/Matrix Spike Duplicate

A sample matrix fortified with known quantities of specific compounds is called an MS. It is subjected to the
same preparation and analytical procedures as the native sample. Target analytes specified in the QAPP are
spiked into the sample. MS recoveries are used to evaluate the effect of the sample matrix on the recovery
of the analytes of interest. An MSD is a second fortified sample matrix. The RPD between the results of the
duplicate MSs measures the precision of sample results. Only project-specific samples designated on the
chain-of-custody form will be spiked. The spike levels will be less than or equal to the mid-point of the
calibration range.

3.4.6 Internal Standards

Some methods require the use of internal standards to compensate for losses during injection or due to
viscosity. Internal standards are compounds that have similar properties as the analytes of interest, but are
not expected to occur naturally in the samples. A measured amount of the internal standard is added to the
standards, and to the samples and QC samples following preparation. When the internal standard results
are outside the control limits, corrective action must be taken, including sample reanalysis, if appropriate.

3.4.7 Laboratory Sample Duplicate

A sample duplicate selected by the laboratory is called a laboratory sample duplicate. It is subjected to the
same preparation and analytical procedures as the native sample. The RPD between the results of the native
sample and laboratory sample duplicate measures the precision of sample results. The data collected may
also yield information on whether the sample matrix is homogenous or heterogeneous.

3.4.8 Interference Check Samples

The interference check samples are used in inductively coupled plasma analyses to verify background and
inter-element correction factors. They consist of two solutions, A and AB. Solution A contains the interfering
analytes, and Solution B contains both the analytes of interest and the interfering analytes. Both solutions are
analyzed at the beginning and at the end of each analytical sequence. When the interference check samples
results are outside the control limits, corrective action must be taken, including sample reanalysis, if
appropriate.

3.4.9 Holding Time

The holding time requirements specified in this QAPP must be met. For methods requiring both sample
preparation and analysis, the preparation holding time will be calculated from the time of sampling to the
completion of preparation. The analysis holding time will be calculated from the time of completion of
preparation to the time of completion of the analysis, including any required dilutions, confirmation analysis,
and reanalysis. For methods requiring analysis only, the holding time is calculated from the time of sampling
to completion of the analysis, including any required dilutions, confirmation analysis, and reanalysis.

3.4.10 Sample Dilution

Dilution of a sample results in elevated reporting limits and ultimately affects the usability of the data
related to potential actions at the sampling site. It is important to minimize dilutions and maintain the
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lowest possible reporting limits. When dilutions are necessary because of high concentrations of target
analytes, lesser dilutions should also be reported to fully characterize the sample for each analyte. The level
of the lesser dilution should be such that it will provide the lowest possible reporting limits without having a
lasting deleterious effect on the analytical instrumentation.

3.4.11 Standard Materials and Other Supplies and Consumables

Standard materials must be of known high purity and traceable to an approved source. Pure standards must
not exceed the manufacturer’s expiration date or one year following receipt, whichever comes first.
Solutions prepared by the laboratory from the pure standards must be used within the expiration date
specified in the laboratory’s SOP.

All other supplies and consumables must be inspected prior to use to ensure that they meet the
requirements specified in the appropriate SOP. The laboratory’s inventory and storage system should ensure
their use within the manufacturer’s expiration date and storage under proper conditions.

3.4.12 Laboratory Quality Assurance Program

The laboratory will maintain a quality assurance manual (QAM) or equivalent document. The QAM will
define the laboratory’s internal procedures for QA/QC as follows:

e QA policies, objectives, and requirements

e Organization and personnel

e Document control

e SOPs (analytical methodology and administrative)
e Data generation

e Software verification

e QA

° QC

e Nonconformance/Corrective action procedures

o Datareview

3.4.12.1 Laboratory Standard Operating Procedures

The laboratory will maintain SOPs for all analytical methods and laboratory operations. The format for SOPs
will conform to the following references:

e Test Methods for Evaluating Solid Waste, Physical and Chemical Methods, SW-846, 3rd Edition,
Update Ill, Section 1 (EPA, 1996)

e Prescribed Procedures for Measurement of Radioactivity in Drinking Water, (USEPA 600/4-80-032, (EPA,
1980) [Modified for soil matrix]

e  “Good Laboratory Practices” in Principles and Guidance to Regulations for Ensuring Data Integrity in
Automated Laboratory Operations (EPA, 1995)

All SOPs must have a unique identification number that is traceable to previous revisions of the same
document.

3.4.12.2 Demonstration of Capability

Laboratory QA department personnel will maintain records documenting the ability of each analyst to
perform applicable method protocols. Documentation will include annual checks for each method and
analyst. In addition, internal blind PE samples for each method and matrix demonstrating overall laboratory
performance must be submitted annually. The laboratory may receive additional blind PE samples in
conjunction with this program.
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4.0 Sampling Procedures, Handling, and Custody

4.1 Sampling Design

The number and location of samples are specific to the project based on DQOs and are discussed in

Section 3.0 of the work plan. The rationale for the sampling design is also described in the work plan. The
sampling design is a function of the matrix sampled, information about the sampling site, the type of data to
be collected, and how the data are to be used. The work plan also provides minimum procedures for
sampling of soil and investigation-derived wastes as well as equipment decontamination.

4.2 Containers and Preservatives

The contracted analytical laboratory will provide the required sample containers for all samples, including
QC. All containers will have been cleaned and certified free of the analytes of concern for this project. No
sample containers will be reused. The contracted laboratory will add preservatives, if required, prior to
shipping the sample containers to the field. The laboratory, upon receipt of the samples, will verify the
adequacy of preservation and will add additional preservative, if necessary. For volatile components, one of
the vials will be checked for adequacy of preservation. This vial will be clearly marked so that it is not used
for the analysis of volatile components.

The containers, minimum sample quantities, required preservatives, and maximum holding times for many
parameters are shown in Table 3-4 of the work plan.

4.3 Sample Documentation and Tracking

Detailed procedures for sample handling, documentation, and shipment can be found in Section 3.6 of the
work plan.

Sample containers should be received from the laboratory pre-labeled with the preservative. The sample
identification, date, and time of sampling are entered on the label immediately after collection. The labels
must be secured using clear tape to maintain the identification of each sample.

Vital information on the collection of each sample will be recorded in a field logbook. A separate logbook
will be used for this project. It will be bound and have consecutively numbered pages. All entries will be
legibly written in black ink and signed and dated by the individual making the entries. Factual and objective
language will be used. All entries will be complete and accurate enough to allow reconstruction of each field
activity.

4.3.1 Laboratory Sample Custody

Once the samples reach the laboratory, they will be checked against information on the chain-of-custody
form for anomalies. The condition, temperature, and appropriate preservation of samples will be checked
and documented on the chain-of-custody form. The occurrence of any anomalies in the received samples
and their resolution will be documented in laboratory records. All sample information will then be entered
into a tracking system, and unique analytical sample identifiers will be assigned. A copy of this information
will be reviewed by the laboratory for accuracy. Sample holding time tracking begins with the collection of
samples and continues until the analysis is complete. Samples analyzed that are not preserved or analyzed
in accordance with the requirements in this QAPP will be resampled and analyzed, at no additional cost to
CH2M HILL. Subcontracted analyses will be documented with the chain-of-custody form. Procedures
ensuring internal laboratory chain-of-custody will also be implemented and documented by the laboratory.
Ideally, sample custody will be maintained using an internal custody system that requires samples to be kept
in a secured and restricted area when not in use, and to be checked out and checked back in by the analysts
who use them. Internal custody records must be maintained by the laboratory as part of the documentation
file for each sample. Specific instructions for the analysis specified for each sample will be communicated to
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the analysts. Analytical batches will be created, and laboratory QC samples will be introduced into each
batch.

While in the laboratory, samples will be stored in limited-access, temperature-controlled areas.
Refrigerators, coolers, and freezers will be monitored for temperature 7 days a week. The acceptance
criterion for the temperature of the refrigerators and coolers is 4 degrees Celsius (°C) + 2 °C. The acceptance
criterion for the temperature of the freezers is less than 0 °C. All the cold storage areas will be monitored by
thermometers that have been calibrated with a National Institute of Standards and Technology (NIST)-
traceable thermometer. As indicated by the findings of the calibration, correction factors will be applied to
each thermometer. Records that include acceptance criteria will be maintained. Samples will be stored after
analysis until disposed of in accordance with applicable local, state, and federal regulations. Disposal records
will be maintained by the laboratory.

Along with sample receipt documentation, the following information will be documented on sample receipt
forms by the sample custodian:

e Date samples received

e CH2M HILL sample identification number

e Laboratory sample identification number

e Analytical tests requested for the sample batch

e Sample matrix

e Number of samples in the batch

e Container description and location in the laboratory
e Verification of sample preservation

SOPs describing sample control and custody will be maintained by the laboratory.

4.4 Sample Packaging and Transport

Section 3.6.5 of the work Plan contains guidelines for sample packaging and transport.
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5.0 Analytical Procedures

This section describes the analytical procedures that will be used for the acquisition of laboratory data.
Table 5-1 includes the analytical procedures that will be required for this project. The specific analytical
methods for this project are from the following:

e U.S. Environmental Protection Agency (EPA). 1996. Test Methods for Evaluating Solid Waste, Physical
and Chemical Methods, SW-846, 3™ Edition, Update IlI, Section 1. December.

e U.S. Environmental Protection Agency (EPA). 1980. Prescribed Procedures for Measurement of
Radioactivity in Drinking Water. August. [Modified for soil matrix]

Appendix 1 contains various tables that list the analytes of concern, the methods to be used, and a reporting
limit objective. The reporting limits included in Appendix 1 reflect quantifiable levels that are attainable with

a specified degree of confidence using the specified methods, and are low enough to meet the project
cleanup goals or action limits.

Also included in Appendix 1 are tables to define the calibration and QC requirements specified for each
method. Appropriate corrective action will be taken when acceptance criteria are not met. If corrective
action is not effective, and data quality is potentially degraded, the occurrence must be documented in a
corrective action report and in the data package case narrative. The laboratory manager or a designated
person must notify the CH2M HILL Project Chemist.

TABLE 5-1
Analytical Methods
Analytical
Method Parameter
SW6020 Trace metals by ICP-MS
SW7471A Mercury by CVAA
EPA 901.1 Radium-226 (with 21-day in-growth)

5.1 Digestion Procedures

Note that Table 5-1 does not define specific digestion procedures. The required digestion procedures are
defined within the method and must be followed when using each method.

RUBY_PHASE_2_QAPP_FINAL
ES061713183717BAO

5-1






6.0 Calibration Procedures and Frequency

6.1 Field Calibration Procedures

Field equipment will be calibrated before the start of work and at the end of the sampling day. Any
instrument drift from prior calibration should be recorded in the field notebook. Calibration will be in
accordance with procedures and schedules outlined in the particular instrument’s operations manual.

Calibrated equipment will be uniquely identified by using either the manufacturer’s serial number or other
means. A label with the identification number and the date when the next calibration is due will be
physically attached to the equipment. If this is not possible, records traceable to the equipment, e.g.,
showing the equipment identification, will be readily available for reference. In addition, the results of
calibrations and records of repairs will be recorded in the logbook.

Scheduled periodic calibration of testing equipment does not relieve field personnel of the responsibility of
using properly functioning equipment. If an individual suspects an equipment malfunction, the device must
be removed from service and tagged so that it is not inadvertently used, and the appropriate personnel
must be notified so that a recalibration can be performed or substitute equipment can be obtained.

Equipment that fails calibration or becomes inoperable during use will be removed from service and either
segregated to prevent inadvertent use or tagged to indicate it is out of calibration. Such equipment will be
repaired and satisfactorily recalibrated. Equipment that cannot be repaired will be replaced.

6.2 Laboratory Calibration Procedures

Laboratory calibration requirements are discussed in Section 3 and also in Appendix 1.
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7.0 Data Reduction, Validation, and Reporting

7.1 Laboratory Data Management

Data reduction will be done manually or by using appropriate application software. Quantitation procedures
specified for each method must be followed. If data reduction is done manually, the documentation must
include the formulas used. Any application software used for data reduction must have been previously
verified by the laboratory for accuracy. Documentation of the software’s verification must be maintained on
file in the laboratory. All documentation of data reduction must allow re-creation of the calculations.

All data will undergo a minimum of three levels of review at the laboratory prior to release. The analyst
performing the tests will initially review 100 percent of the data. After the analyst’s review has been
completed, 100 percent of the data will be reviewed independently by a senior analyst or by the section
supervisor for accuracy, compliance with calibration, and QC requirements, holding time compliance, and
completeness. Analyte identification and quantitation must be verified. Calibration and QC results will be
compared with the applicable control limits. Reporting limits should be reviewed to make sure they meet
the project objectives. Results of multiple dilutions should be reviewed for consistency. Any discrepancies
must be resolved and corrected. Laboratory qualifiers will be applied when there are non-conformances that
could potentially affect data usability. These qualifiers must be properly defined as part of the deliverables.
All issues that are relevant to the quality of the data must be addressed in a case narrative. The laboratory
QC manager will review a minimum of 10 percent of data or deliverables generated for this program against
the project-specific requirements. A final data review will be conducted by the Laboratory Manager or Client
Services Representative to ensure that all required analyses were performed on all samples and that all
documentation is complete.

The hard-copy and electronic laboratory reports for all samples and analyses will contain the information
necessary to perform data evaluation.

Hardcopy deliverables, in summary format, equivalent to those specified in the latest versions of EPA
Contract Laboratory Program (CLP) Statements of Work for Organics and Inorganics Analyses (or CLP-like)
are preferred. The laboratory data report should be organized in a format that facilitates identification and
retrieval of data. A Level 4 data package deliverable will be required for this project that encompasses the
same information included in Levels 1, 2, and 3.

A Level 1 will include, at a minimum, the following information (when applicable):
e Cover Letter complete with the following information:

— Title of report and laboratory unique report identification (Sample Delivery Group Number)
— Project name, site location

— Name and location of laboratory and second-site or subcontracted laboratory

— Client name and address

— Statement of authenticity and official signature and title of person authorizing report release

e Table of contents

e Summary of samples received that correlates field sample IDs with the laboratory IDs
e lLaboratory qualifier flags and definitions

e Field identification number

e Date received

e Date prepared
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e Date analyzed

e Preparation and analytical methods

e Result for each analyte (dry weight basis for soils)

e Percent solids results for soil samples

e Dilution factor (provide both diluted and undiluted results when available)

e Sample-specific reporting limit adjusted for sample size, dilution/concentration

e Sample-specific MDL adjusted for sample size, dilution/concentration (when project objectives require
reporting less than the reporting limit)

e Units
A Level 2 report will consist of all the elements included in a Level 1 deliverable plus those outlined below:
e Case Narrative that addresses the following information at a minimum;

— Sample receipt discrepancies, such as broken sample containers, temperature exceedances, and so
forth

— Descriptions of all non-conformances in the sample receipt, handling, preparation, analytical, and
reporting processes and the corrective action taken in each occurrence

— ldentification and justification for sample dilution

e MS/MSD and LCS spike concentrations, native sample results, spiked sample results, percent recoveries,
RPDs between the MS and MSD results, and associated QC limits

e Method blank results

e Analytical batch reference number that cross references samples to QC sample analyses

e Executed chain-of-custody and sample receipt checklist

A Level 3 report will consist of all the elements included in Level 1 and 2 reports plus those outlined below:

e Analytical sequence or laboratory run log that contains sufficient information to correlate samples
reported in the summary results to the associated method QC information, such as initial and continuing
calibration analyses

e Calibration blank results for inorganic analyses (required in hardcopy format only)

e Inductively coupled plasma-interference check sample (ICP-ICS) true and measured concentrations and
percent recoveries (required in hardcopy format only)

e Method of standard addition results (if applicable; required in hardcopy format only)
e Post-digestion spike recoveries (if applicable; required in hardcopy format only)

e Initial calibration summary, including standard concentrations, correlation coefficients, and calibration
plots or equations, if applicable (required in hardcopy format only)

e Continuing calibration verification summary, including expected and recovered concentrations and
percent differences (required in hardcopy format only)

e Instrument tuning and mass calibration information for ICP/mass spectrometry analyses

e Any other method-specific QC sample results
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A Level 4 report will include all elements outlined above for the Level 1 through 3 report formats and all of
the associated raw data. It is imperative that the relative scale used for all chromatographic and other
instrument data be supplied on a scale that facilitates review from hard copy. Sufficient “blow ups” of
complex areas of sample chromatograms will be provided. The additional information below will also be
supplied:

e Sample preparation logs that include

— Preparation start and end times
— Beginning and ending temperatures of water baths, digestion blocks, and so forth

e Example calculation for obtaining numerical results from at least one sample for each matrix analyzed;
provide algorithm.

7.1.1 Hardcopy and Electronic Deliverables

Within the timeframe specified in the laboratory statement of work, contract, or purchase order from
sample receipt, the laboratory will deliver hardcopy documentation as specified in this document. In
addition, the laboratory will deliver one electronic copy of the data as specified in the format described in
the laboratory contract.

All electronic data files will match the final hard copy results. CH2M HILL requires receipt of final hard copy
results in conjunction with submittal of electronic files.

All raw data will be maintained on file in the laboratory and will be available upon request by project
management. Complete documentation of sample preparation and analysis and associated QC information
will be maintained in a manner that allows easy retrieval in the event that additional validation or
information is required. All documentation must be retained for a minimum of 10 years after data
acquisition.

The primary responsibility for the implementation of these procedures within the laboratory will reside with
the Laboratory Manager or equivalent. The Laboratory Manager will approve laboratory reports before
transferring the information to the client.

7.2 Data Validation and Verification

Based on the project-specific objectives, the analytical results of the data collection effort will be validated
by CH2M HILL. For this project, 90 percent of the analytical data will undergo Level 3 validation, and 10
percent of the data will undergo Level 4 validation.

7.2.1 Level 3 and 4 Validation Procedures

Personnel involved in the data validation function will be independent of any data generation effort. The
Project Chemist will have responsibility for oversight of the data validation effort. Data validation will be
carried out when the data packages are received from the laboratory. It will be performed on an analytical
batch basis using the summary results of calibration and laboratory QC, as well as those of the associated
field samples. Data packages will be reviewed for all constituents of concern. Raw data will be reviewed
when deemed necessary by the Project Chemist. Data validation procedures will include the following:

e Review of the data package for completeness

e Review of chain-of-custody records for discrepancies that might degrade data quality
e Review for compliance with holding time and QC frequency requirements

e Evaluation of all calibration and QC summary results against the project requirements

e Verification of analyte identification and calculations for at least 10 percent of the data
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e Qualification of the data using appropriate qualifier flags, as necessary, to reflect data usability
limitations

e [|nitiation of corrective actions, as necessary, based on the data review findings

In general, data validation will be patterned after the EPA document Contract Laboratory National
Functional Guidelines for Inorganic Data Review, January 2010, substituting the calibration and QC
requirements specified in this QAPP for those specified in the guidelines. The flagging criteria presented in
Table 7-1 will be used.

Data qualifier flags, if required, are defined in Table 7-2 and will be applied to the electronic sample results.
If multiple flags are required for a result, the most severe flag will be applied to the electronic result. The
hierarchy of flags from the most severe to the least severe will be as follows: R, UJ, U, J.

A validation report will be generated for each method and sample delivery group. A copy will be retained
with the data package in the project file. Any significant data quality problems will be brought to the
attention of the Project Chemist.
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TABLE 7-1

Flagging Conventions—Minimum Data Evaluation Criteria for Inorganic Methods

Quality Control Check

Evaluation

Flag

Samples Affected

Holding Time

Holding time exceeded for extraction, digestion, or

analysis

Holding time for digestion or analysis exceeded by a

factor of 2

J positive results; R non-detects for Sample

mercury; UJ non-detects for all
other analytes

J positive results; R non-detects

Sample Preservation

Sample preservation requirements not met (If sample

preservation was not done in the field, but was

performed at the laboratory upon sample receipt, no

flagging is required)

J positive results; R non-detects

Sample

Initial Calibration (Multi-point only)

Correlation coefficient < 0.995

J positive; UJ non-detects

All associated samples in analytical batch

Calibration verification (initial calibration %R > UT J positive results All associated samples in analytical batch
ver!f!cat!on, continuing calibration %R < LT J positive results, UJ non-detects
verification)
Interference check sample %R > UT J positive results All associated samples in analytical batch
(SW6010B/SW6020 only)

%R < LT J positive results; UJ non-detects
Laboratory Control Sample %R > UT J positive results All samples in preparation batch

%R < LT J positive results; UJ non-detects

Calibration Blank (ICB,CCB)
Method Blank

Equipment Blank

Multiply the highest blank concentration by 5

U positive sample results < 5x
highest blank concentration

All samples in preparation batch or analytical
batch, whichever one applies, associated with
method blank or calibration blank

All samples, same site, matrix and date

MSs %R > UT J positive results All samples from same site as parent sample
%R < LT J positive results
UJ non-detects
RPD > UT J positive results
Dilution Test If concentration is >25 times the reporting limit and J positive results All samples from same site as parent sample if

percent difference >UT

UJ non-detects

analytical spike not performed

Post-digestion Spikes/Recovery Test
(Metals only)

Spike results indicate performance of MSA required,

but MSA not done.
%R > UT
%R < LT

J positive

J positive results, UJ non-detects

All samples in digestion batch if MSA not
performed
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TABLE 7-1
Flagging Conventions—Minimum Data Evaluation Criteria for Inorganic Methods

Quality Control Check Evaluation Flag Samples Affected
Field Duplicates Concentration of reported analytes are > 5 times the ] positive results Field duplicate pair

Laboratory Sample Duplicates reporting limit in either sample and RPD > 20%

One or both sample results < 5 times the reporting J positive results

limit and a difference of +2 times the reporting limit UJ non detects

Notes:
All QA/QC criteria are included in Tables 5-13 through 5-24 and will be used for validation criteria.

Spike recovery limits do not apply when sample concentration exceeds the spike concentration by a factor of 4 or more.

CCB = Continuing calibration blank. MDL = Method detection limit.

ICB = Initial calibration blank. MSA = Method of standard addition.

LT = Lower tolerance. RPD = Relative percent difference.

MB = Method blank. %R = Percent recovery.

UT = Upper tolerance. ValAdj = Value reported by laboratory adjusted due to matrix issues.

LabA&P = Laboratory accuracy and precision criteria not met

7-6 RUBY_PHASE_2_QAPP_FINAL
ES061713183717BAO



RUBY MINE QUALITY ASSURANCE PROJECT PLAN
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TABLE 7-2
Qualifier Flag Definitions
Flag Definition
J Analyte was present but reported value may not be accurate or precise.
R This result has been rejected.
u This analyte was analyzed for but not detected at the specified detection limit.
uJ

The analyte was not detected above the detection limit objective. However, the reported detection limit is
approximate and may or may not represent the actual limit of quantitation necessary to accurately and
precisely measure the analyte in the sample.

RUBY_PHASE_2_QAPP_FINAL

ES061713183717BAO

7-7






8.0 Performance Evaluations

To assess sample and data collection procedures, PEs will be conducted and will consist of technical systems
audits and performance audits.

8.1 Technical Systems Audits
8.1.1 Laboratory Audits

The laboratories participating in the data collection effort will have been pre-qualified by the project
management team. A surveillance audit program that requires technical systems audits to be performed on
a routine basis will be instituted. Laboratory pre-qualification and the surveillance audits may also be
undertaken by the regulatory agencies. Laboratory pre-qualification audits will be performed as either
onsite audits, desk audits, or a combination of both.

8.1.1.1 Onsite Laboratory Pre-qualification Audit

An onsite laboratory pre-qualification audit will start with a pre-audit meeting between the auditor and the
laboratory staff during which the auditor will discuss the purpose of the audit, the schedule and areas to be
audited, and the procedures that will be followed. The pre-audit meeting may include a brief tour of the
laboratory. The audit will then be conducted. The auditor will assemble the findings at the conclusion of the
audit and will discuss the findings with laboratory staff in a post-audit meeting. Example audit templates are
included in Appendix 7.

Critical items that will be covered in a technical systems audit of the laboratory include:

e (Calibration procedures and documentation

e Treatment and handling of standards

e Completeness of data forms, notebooks, and other reporting requirements
e Data review and verification procedures

e Data storage, filing, and recordkeeping procedures

e Sample custody procedures

e QC procedures, tolerances, and documentation

e Operating conditions of facilities and equipment

e Documentation of staff training and instrument maintenance activities

e Systems and operations overview

A written audit report will then be sent to the laboratory within a specified time. A copy of the audit report
will be sent to the project-specific Project Manager. A copy will be retained in the project files.

The need for follow-up action will be determined based on the laboratory’s responses. If an audit identifies
an unacceptable condition or unacceptable data, the auditor will be responsible for developing and initiating
corrective action. The Project Manager will be notified if the non-conformance impacts the project and
requires resources not normally available to the project team. In such cases, the Project Manager will decide
whether resources to pursue corrective action will be made available. Disposition may include:

e Reanalysis of samples if holding time has not expired

e Resampling and analysis

e Amending analytical procedures

e Acceptance of suspect data, acknowledging the limits on usability

8.1.1.2 Desk Pre-qualification Audit

In some cases, a pre-qualification audit will be performed by sending non-critical or split samples to the
laboratory to ascertain the laboratory’s ability to generate quality data. In general, this process involves
reviewing instrument output, analytical reports, and other documentation specific to a batch of samples.
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RUBY MINE QUALITY ASSURANCE PROJECT PLAN 8.0 PERFORMANCE EVALUATIONS

The data will be validated using the Level 4 protocol addressed in Section 7.2, as well as by reviewing SOPs,
laboratory policies, and the laboratory’s QAM. The corrective actions outlined in Section 8.1.1.1 to findings
from the desk audit may also apply.

8.1.2 Field Audits

Field audits will be performed once a year to verify the execution of field procedures. The following will be
evaluated during the audit:

e Sample containers and preservatives

e Sample collection and identification procedures

e Sample custody, handling, and shipping procedures

e Equipment decontamination procedures

e (Calibration of field instruments and performance of field tests

e Documentation of field activities, maintenance of field records, and document control

8.2 Performance Audits
8.2.1 Performance Evaluations

Laboratories are required to participate in a PE program. Any method or analyte failure in a PE evaluation
program that affects the certification status of the laboratory with the National Environmental Laboratory
Accreditation Program or the state or agency programs must be immediately communicated to the Program
Chemist.

8.2.2 External Audits

Announced and unannounced audits of the field operations and of the laboratories may be conducted
during any stage of the project.

8.2.3 Internal Audits

Annual audits of the laboratory must be conducted by the laboratory’s Quality Assurance Officer. The audits
must verify, at a minimum, that written SOPs are being followed; standards are traceable to certified
sources; documentation is complete; data review is being done effectively and is properly documented; and
data reporting, including electronic and manual data transfer, is accurate and complete. All audit findings
must be documented in QA reports to management. Necessary corrective actions must be taken within a
reasonable timeframe. The Quality Assurance Officer must verify that such actions are effective and
complete, and document their implementation in an audit closeout report to management.
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9.0 Preventive Maintenance

The primary objective of a preventive maintenance program is to promote the timely and effective
completion of a measurement effort. The maintenance program should be designed to minimize the
downtime of crucial sampling and/or analytical equipment from expected or unexpected component failure.
In implementing this program, efforts should be focused in three primary areas:

e Establishment of maintenance responsibilities
e Establishment of maintenance schedules for major and/or critical instrumentation and apparatus

e Establishment of an adequate inventory of critical spare parts and equipment

9.1 Maintenance Responsibilities

Laboratory instrument maintenance is the responsibility of the participating laboratory. Generally, the
laboratory manager or supervisor is responsible for the instruments in his or her work area. This responsible
person will establish maintenance procedures and schedules for each instrument.

Maintenance responsibilities for field equipment are assigned to the field team leader for specific sampling
tasks. However, the field team using the equipment is responsible for checking the status of the equipment
prior to use and reporting any problems encountered. The field team is also responsible for ensuring that
critical spare parts are included as part of the field equipment checklist. Non-operational field equipment
should be removed from service and a replacement obtained. All field instruments will be properly
protected against inclement weather conditions during the field investigation.

9.2 Maintenance Schedules

The effectiveness of any maintenance program depends, to a large extent, on adherence to specific
maintenance schedules for each piece of equipment. Other maintenance activities are conducted as
needed. Manufacturers’ recommendations should provide the primary basis for establishing maintenance
schedules. Manufacturers’ service contracts may be used for implementing the scheduled maintenance.

Each analytical instrument should be assigned an instrument logbook. All maintenance activities will be
documented in this logbook. The following information is to be entered in the logbook:

e Date of service

e Person performing service

e Type of service performed and reason for service
e Replacement parts installed (if appropriate)

e Date of next scheduled service

e Any other useful information

9.3 Spare Parts

In addition to a schedule for maintenance activities, an adequate inventory of spare parts is required to
minimize equipment down time. The inventory includes those parts and supplies that:

e Are subject to frequent failure
e Have limited useful lifetimes
e Cannot be obtained in a timely manner if failure occurs

Field managers and the respective laboratory managers are responsible for maintaining an adequate
inventory of spare parts. In addition to spare parts and supply inventories, an in-house source of backup
equipment and instrumentation should be available.
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10.0 Data Assessment

10.1 Data Quality Assessment

All data generated will be evaluated according to the QA acceptance criteria specified in Tables 5-4 through
5-8 of Appendix 1. Limitations on data usability will be assigned, if appropriate, as a result of the validation

process described in Section 7.0.

10.2 Reconciliation with Project Objectives

The program includes projects/sites with various tasks and objectives. The procedure for data reconciliation
will be a function of the project-specific objectives and will be addressed in the project-specific documents.
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11.0 Corrective Action

Corrective action may be required as a result of deviations from field or analytical procedures. Deficiencies
identified in audits and data quality evaluations may also call for corrective action. All project personnel
have the responsibility, as part of the normal work duties, to identify, report, and solicit approval of
corrective actions for conditions adverse to data quality.

The QAPP has specified the corrective action to be taken when deviations from calibration and QC
acceptance criteria occur. Field and laboratory staff may encounter conditions that require immediate
corrective action that are not addressed in the work plan. These personnel will document conditions and the
results of corrective actions in a field logbook or laboratory non-conformance report and communicate their
actions as soon as feasible to the field team leader, laboratory supervisor, and, if necessary, the project
chemist for immediate input. A mechanism will be in place to allow for supervisory review and/or client
input for all deviations or deficiencies. A corrective action reporting system that requires immediate
documentation of deviations or deficiencies and for supervisory review of the actions taken to correct them
will be established. At a minimum, the corrective action report should include:

e The type of deviation or deficiency

e The date of occurrence

e The impact of the deviation or deficiency, such as samples affected
e The corrective action taken

e Documentation that the process has been returned to control

Each corrective action report must be reviewed and approved by a person of authority, such as the field
team leader or laboratory supervisor. The ultimate responsibility for the laboratory corrective action process
is the laboratory QC Manager, who must ensure that proper documentation, approval, and closeout of all
out-of-control or non-conformance events is performed. A corrective action report will summarize each
non-conformance condition, and will be forwarded to the field team leader or project chemist. Copies of
corrective action reports must be maintained in the laboratory or field project files.
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12.0 Quality Assurance Reports

The Project Chemist will submit a data quality assessment (DQA) report to the Project Manager at the end of
each sampling interval. The report will summarize the results of the data validation and the data
assessment. The results should be presented in a manner that facilitates decision-making. Any significant
quality problems and recommended solutions should be included in the report. Limitations on data usability

that were identified during data validation should be highlighted. The results of data assessment should be
reconciled with the project objectives.
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13.0 Data Management

This program will follow CH2M HILL standard procedures for environmental data collection. All
environmental data collected for the program will follow the policies, procedures, and protocols required in
the project-specific data management plan. At a minimum, the data users must have rapid access to stored
data, data entry capabilities, and ability to manage sample data using unique sample identification numbers;
they also must establish a sample inventory of new data collected and provide methods of sample inventory
reconciliation; store and provide sample-specific attributes, including location identifiers, sample type and
media, and sample date; and provide reporting and delivery formats to support data analysis and reduction.

13.1 Archiving

Hardcopy and electronic versions will be archived in project files and on electronic archive tapes for the
duration of the project, 5 years, or as specified in contractual agreements.

13.2 Data Flow and Transfer

The data flow from the laboratory and field to the project staff and data users will be sufficiently
documented to ensure that data are properly tracked, reviewed, and validated for use.

13.3 Record Keeping

In addition to the data management procedures outlined in Section 7.1 for analytical data, the laboratory
will ensure that it maintains electronic and hardcopy records sufficient to re-create each analytical event, At
a minimum, the laboratory will keep records that contain the following:

e Raw data, including instrument printouts, bench work sheets, and/or chromatograms with compound
identification and quantitation reports

e Laboratory-specific written SOPs for each analytical method and QA/QC function in place at the time of
analysis of project samples
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Appendix 1
Reporting Limits, QC Limits, and Corrective
Action Tables







Analytical Requirements

The analytical requirements are presented in the following tables:

TABLE 5-2
Reporting Limit Objectives for Metals by ICP-MS/CVAA (SW6020/SW7471A)
Project Screening Criteria® Reporting Limits

Analyte (mg/Kg) (mg/kg)
Arsenic 0.39 0.25
Mercury (SW7471A) 10 1.0
Molybdenum 390 1.0
Selenium 390 1.0
Uranium 230 1.0
Vanadium 390 1.0

?Based on EPA Regional Screening Levels (RSL) (November 2012)

TABLE 5-3
Reporting Limit Objectives for Radium-226 by Gamma Spectroscopy (EPA 901.1)
Project Screening Criteria Reporting Limits
Analyte (pCi/g) (pCi/g)
Radium-226 1.24° 1.0

2The investigative goal for this project is 1.24 pCi/g above background. Assuming no background, the most conservative screening

criteria would be 1.24 pCi/g

TABLE 5-4
Accuracy and Precision for Metals by ICP-MS/CVAA (SW6020/SW7471A)
LCS MS/MSD
Accuracy Accuracy Precision

Analyte (% R) (% R) (% RPD)
Arsenic 80-120 75-125 <20
Mercury (SW7471A) 75-125 75-125 <20
Molybdenum 80-120 75-125 <20
Selenium 80-120 75-125 <20
Uranium 80-120 75-125 <20
Vanadium 80-120 75-125 <20
R = Recovery
RPD = Relative percent difference

TABLE 5-5
Accuracy and Precision for Radium-226 by Gamma Spectroscopy (EPA 901.1)
LCS MS/MSD
Accuracy Accuracy Precision

Analyte (% R) (% R) (% RPD)
Radium-226 75-125 N/A <20
NA = Notapplicable
R = Recovery
RPD = Relative percent difference
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APPENDIX 1

REPORTING LIMITS, QC LIMITS, AND CORRECTIVE ACTION TABLES

TABLE 5-6

Calibration and QC Requirements for Metals by SW6020

QC Check

Frequency

Criteria

Corrective Action

Initial calibration (a blank and
at least one standard)

Before initial sample analysis,
every 24 hours, whenever
modifications are made to the
analytical system, or when
continuing calibration verification
fails

N/A

N/A

Second-source calibration
verification

Immediately following each
initial calibration

All analytes within
+10% of expected value

Correct problem and repeat
initial calibration.

Calibration blank

After every Second-source or
Continuing calibration verifica-
tion analysis

No analytes detected at
or above the reporting
limit

Correct the problem, then
reanalyze previous 10 samples.

Continuing calibration
verification

After every 10 samples and at the
end of the analysis sequence

All analytes within
+10% of expected value

Recalibrate and reanalyze all
samples since the last
acceptable continuing
calibration verification

Method Blank

At least one per analytical batch

No analytes detected at
or above the reporting
limit

Correct the problem and re-
prep and reanalyze all
associated samples

Interference check standard

At the start and end of each
analytical sequence or twice
during an 8-hour period,

whichever is more frequent

All analytes within
+20% of expected value

Correct the problem,
recalibrate, reanalyze ICS and all
affected samples.

MS/MSD One set per 20 project-specific All analytes within limits None
samples. MSD is optional if a specified in Accuracy
laboratory sample duplicate is and Precision table
performed

Laboratory sample duplicate Once per analytical batch if MSD  Concentration of None

not performed

reported analytes are >
5 times the reporting
limit in either sample
and RPD >20%.

One sample result < RL
and a difference of +2
times the reporting
limit

LCS At least one per analytical batch  All analytes within limits Correct the problem, and re-
specified in Accuracy prep and reanalyze the LCS and
and Precision table all samples in the analytical

batch.

Dilution test Each new sample matrix Result from 1:5 dilution  Perform post-digestion spike

must be within £10% of
the undiluted sample
result (applies only if
undiluted sample result
is at least 25 times the
reporting limit)

addition.

Post-digestion spike addition

When dilution test fails

Recovery within 75-
125% of expected value

None

RUBY_PHASE_2_QAPP_FINAL
ES061713183717BAO



APPENDIX 1

REPORTING LIMITS, QC LIMITS, AND CORRECTIVE ACTION TABLES

Table 5-7

Calibration and QC Requirements for Mercury by SW7471A

QC Check

Frequency

Criteria

Corrective Action

Multi-point initial calibra-
tion (a blank and at least
five standards)

Before initial sample analysis,
every 24 hours, whenever
modifications are made to the
analytical system, or when
continuing calibration
verification fails

Correlation coefficient of
linear regression is > 0.995

Correct the problem and
repeat the initial calibration.

Second-source calibration
verification

Immediately following each
initial calibration

All analytes within £20% of
expected value

Correct the problem and
repeat initial calibration.

Calibration blank

After every Second-source or
Continuing calibration verifica-
tion analysis

No analytes detected at or
above the reporting limit

Correct the problem, then
reanalyze previous 10 samples.

Continuing calibration
verification

After every 10 samples and at
the end of the analysis
sequence

All analytes within +20% of
expected value

Recalibrate and reanalyze all
samples since the last accept-
able continuing calibration
verification

Method Blank

At least one per analytical
batch

No analytes detected at or
above the reporting limit

Correct the problem and re-
prep and reanalyze all
associated samples

MS/MSD One set per 20 project-specific ~ All analytes within limits None
samples. MSD is optional if a specified in Accuracy and
laboratory sample duplicate is Precision table
performed

Laboratory sample Once per analytical batch if Concentration of reported None

duplicate

MSD not performed

analytes are > 5 times the
reporting limit in either
sample and RPD >20%.
One sample result < RL and

a difference of £2 times the
reporting limit

LCS

At least one per analytical
batch

All analytes within limits
specified in Accuracy and
Precision table

Correct the problem, and re-
prep and reanalyze the LCS and
all samples in the analytical
batch

Dilution test

Each new sample matrix

Result from 1:5 dilution
must be within £10% of the
undiluted sample result
(applies only if undiluted
sample result is at least 25
times the reporting limit)

Perform recovery test

Recovery test

When dilution test fails

Recovery within 85-115%
of expected value

Analyze all samples by MSA
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APPENDIX 1

REPORTING LIMITS, QC LIMITS, AND CORRECTIVE ACTION TABLES

TABLE 5-8

Calibration and QC Requirements for Radium-226 by EPA 901.1

QC Check

Frequency

Criteria

Corrective Action

Energy Calibration

(Matrix and Geometry
specific)

Before initial sample
analysis, whenever
modifications are made to
the analytical system, or
when continuing calibration
verification fails

No specific criteria,
depending on total channel
and range of energy of
desired nuclides

Correct the problem and repeat
the calibration.

Calibration Verification

(Performance Check)

Daily, or once per batch,
whatever is more frequent

Within lab control limits (3
o)

Correct the problem and repeat
calibration.

Background Counting

Monthly (when in use)

No analytes detected at or
above the reporting limit

Correct the problem, then
reanalyze samples.

Method Blank

One per batch of 20 samples
or less

<MDA, or <5% sample
isotope concentration, or
<5% decision level,
whichever is greater

Correct the problem and re-prep
and reanalyze all associated
samples

LCS

One per batch of 20 samples
or less

All analytes within limits
specified in Accuracy and
Precision table

Correct the problem, and re-prep
and reanalyze the LCS and all
samples in the analytical batch

Laboratory sample
duplicate

One per batch of 20 samples
or less

RPD < 35% when results
>5x MDA

None
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Field Forms







PROJECT NUMBER SAMPLE GRID

SHEET OF

@ cHz2MHILL
- MULTIPLE SOIL SAMPLE LOG

PROJECT :

GENERAL LOCATION :

ELEVATION (TBM or MSL) :

CONTRACTOR :

NAME OF CONTRACTOR :

DRILLING METHOD/EQUIPMENT:

BORING DIAMETER :

DATE : LOGGER:
LOCATION ID: GPS NORTHING: GPS EASTING:
SAMPLE TIME: SAMPLE GAMMA READING:

QA/QC SAMPLE ID:

QA/QC SAMPLE TYPE:

DEPTH BELOW SURFACE (ft)

SOIL DESCRIPTION

COMMENTS

SAMPLE INTERVAL (ft)

RECOVERY (ft)

SOIL NAME, USCS GROUP SYMBOL, COLOR,

#ITYPE

USCs

CODE MOISTURE CONTENT, RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

RADIOLOGICAL MEASUREMENT/NOTE
DEBRIS ENCOUNTERED, PID RESULTS,
SAMPLE COLLECTION (date, time, sample ID)

NOTES:
LOCATION ID: GPS NORTHING: GPS EASTING:
SAMPLE TIME: SAMPLE GAMMA READING:

QAIQC SAMPLE ID:

QA/QC SAMPLE TYPE:

DEPTH BELOW SURFACE (ft)

SOIL DESCRIPTION

COMMENTS

SAMPLE INTERVAL (ft)

RECOVERY (ft)

SOIL NAME, USCS GROUP SYMBOL, COLOR,

#ITYPE

USCS

CODE MOISTURE CONTENT, RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

RADIOLOGICAL MEASUREMENT/NOTE
DEBRIS ENCOUNTERED, PID RESULTS,
SAMPLE COLLECTION (date, time, sample ID)

NOTES:
LOCATION ID: GPS NORTHING: GPS EASTING:
SAMPLE TIME: SAMPLE GAMMA READING:

QAIQT SAMPLE 1D

QAIQC SAMPLE TYPE!

DEPTH BELOW SURFACE (it)

SOIL DESCRIPTION

COMMENTS

SAMPLE INTERVAL (ft)

RECOVERY (ft)

USCS SOIL NAME, USCS GROUP SYMBOL, COLOR,

#ITYPE

MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

CODE

RADIOLOGICAL MEASUREMENT/NOTE
DEBRIS ENCOUNTERED, PID RESULTS,
SAMPLE COLLECTION (date, time, sample ID)
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STANDARD OPERATING PROCEDURES

EQUIPMENT DECONTAMINATION
SUMMARY

This SOP describes methods used for preventing, or reducing to the maximum practicable
extent, cross-contamination during sampling. Decontamination is appropriate for any
sampling equipment that cannot be discarded and must be reused. For soil, sediment, and
other solid materials, such tools include hollow-stem augers and related bits and pipe, hand
augers, trowels, thin-walled tube samplers, split spoons, shelby tubes and other equipment.
For water samples such tools may include non-disposable bailers, pumps, transducers, well
slugs and other equipment.

Prevention or minimization of cross-contamination is important for preventing the
introduction of measurement error (bias) into sampling results, and for protecting the health
and safety of sampling personnel. These methods are effective for decontamination of
sampling gear and supplies used at work sites impacted with relatively low levels of
contamination. With regard to VOCs, this would mean that sampling equipment is not
impacted by NAPL. Although it may be preferable to dedicate sampling equipment to the
project, such low concentrations of contamination are quickly and effectively managed
using decontamination techniques.

Contaminants can be physically removed from sampling equipment, or chemically
neutralized and/or deactivated. Physical removal can involve abrasive or non-abrasive
methods coupled with solubilization or emulsification of the contaminant. A soapy water
wash followed by potable and distilled water rinses are most commonly used and are the
subjects of this SOP. Under certain circumstances requiring extraordinary quality assurance
of decontamination, acids and/or solvents may also be used. The use of these special
cleaning agents is not included in this SOP.

DECONTAMINATION — SMALL TOOLS
1. Review project work plan and Health and Safety Plan (“HASP”).

2. Assemble materials, supplies and equipment inventory.

3. Prepare a wash tub or sprayer of potable water and liquid soap.
4. Prepare a rinse tub of potable water.
5

Physically scrape or otherwise remove bulk material adhering to the tool. Dispose of
removed contaminated material appropriately.

o

Wash equipment with bristled brushes until visible soil or residue is removed.

7. Change the wash water when it is no longer effective. Wash water should be disposed
of with other contaminated liquids.

8. Rinse liberally with potable water.



9. Rinse liberally with distilled water.

10. Allow tool to air dry or dry with a paper towel if time or weather do not permit air
drying.

11. If the equipment is to be stored prior to use, wrap in food grade paper, polyethylene, or
aluminum foil or place it in a Zip-Lock® or plastic bag.

DECONTAMINATION RINSE BLANKS

1. If the work plan so directs, equipment or rinse blanks should be collected. These blanks
are prepared immediately prior to using the equipment, for example, a rinse blank may
be collected from a split spoon sampler immediately prior to using that sampler to verify
effective decontamination.

2. Arinse blank is prepared by slowly pouring distilled water over the piece of equipment
and then collecting that water in an appropriate sampling container. Utilize the
appropriate type and size of container as specified in the Work Plan.

3. Record sample collection procedures in the field book.

4. Package and ship samples as described in the project work plan.



PROJECT PROCEDURE
PERMA-FIX ENVIRONMENTAL SERVICES

TITLE: Operation of Portable Gamma NO.: RP-107
Scintillation Dose Rate Instruments PAGE: 1 0f 7 (incl. Attachments)
DATE: January 2013
1.0 PURPOSE

2.0

3.0

4.0

This work instruction specifies the methods for performing source checks and operating portable
Gamma scintillation dose rate instruments, specifically, the Ludlum Model 19 uR and the Bicron
Model Micro Rem. These instruments are used for the evaluation of exposure rates from
radioactive materials and determining environmental radiation levels.

APPLICABILITY

This procedure specifically addresses those instruments that measure count rate from a
scintillation detector and have displays that read in uR/hr (Ludlum 19) or uRem/hr (Bicron Micro
Rem). The primary meter used at PESI Field Sites is the Bicron Micro Rem meter because it uses
a plastic scintillation detector that has nearly a “tissue equivalent” response. The Ludlum Model
19s is available, but is normally used for engineering applications associated with historic
radiation surveys at GCSS as it uses a sodium iodide scintillation detector that is not “tissue
equivalent”.

This Project Procedure does not include associated instrument calibrations or cover the operation
of exposure rate instruments that have an ion chamber (e.g. Eberline RO-2). Equivalent
instruments that operate in a similar fashion to those identified in this section may be operated under
this Project Procedure with RSO approval.

REFERENCES

1. ANSI N323A-1997, Radiation Protection Instrumentation Test and Calibration, Portable
Survey Instruments.

2. Instrument Technical Manuals.
3. RPP-103, Radiological Surveys

RESPONSIBILITIES
4.1 Radiation Safety Officer (RSO)

o Reviewing and approving changes to this procedure and ensuring compliance with
applicable regulations.

e Ensuring an adequate inventory of Radiation Protection instruments are available to
support remediation activities.

e Overseeing the issue, control and accountability of Radiation Protection
instrumentation per the requirements of this procedure.

e Ensuring transmittal of all issue, control and accountability records to the
appropriate document control authority when applicable.

4.2  Radiation Protection Technician (RPT)

e Maintaining instrument documentation and records as required by this procedure.
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TITLE:

Operation of Portable Gamma NO.: RPP-109
Scintillation Dose Rate Instruments

PAGE: 2 of 7

5.0

Maintaining adequate instrument and equipment availability.

Verifying current calibration and response test dates prior to issue or use of

instruments.
Promptly returning instruments to their proper location when work is complete.

Ensuring that instruments are properly surveyed for contamination and
decontaminated as necessary, after use.

PROCEDURE
51 General

1.

10.

Ensure the instrument selected is within their acceptable calibration periods.
This is indicated on an attached calibration sticker. lllegible stickers should be
replace prior to instrument use.

The RP Group will coordinate instrument calibration on a minimum annual
basis and after major repair operations. Battery change-outs do not require
re-calibration. Calibration procedures are outside of the scope of this
instruction.

Pre-operational source checks are required daily, or prior to each intermittent
use, whichever is less frequent. Post-operational source checks are performed
as specified in work plans or procedures. Instruments used in the performance
of daily activities do not normally require a post-operational source check.

Instrument set-up and subsequent operational checks should be performed in
the same location, with consistent temperature and radiation background levels.

Use a gamma check source with an activity sufficient to produce contact
exposure rates at least ten times higher than background. Cs-137 is typically
used at GCSS since it emits 662 keV gamma rays which are representative of
the mid-range of gamma energies encountered at GCSS. Alternate sources
may be used with RSO approval.

Source positioning devices (i.e., jigs) should be used to ensure a reproducible
geometry between instrument checks. Source geometry must be consistent
between initial instrument set-up and subsequent operational checks.

The Ludlum 19 may be operated in the FAST response mode. Switch to
SLOW response for obtaining precise readings.

Internal scintillation crystals are orientated towards the front of the instrument.
Meter cases have visible indicators showing optimum locations to obtain
measurements (i.e. effective detector center).

Allow instrument readings to maximize prior to recording instrument reading.
This may take up to twenty seconds. Note that the needle may not rest on a
single value, but may fluctuate slightly between two points on the scale. If this
is the case, an average reading should be obtained by summing these two end
points and dividing by two.

Instruments should be allowed to warm-up for at least one minute prior to
obtaining readings.
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Operation of Portable Gamma NO.: RPP-109
Scintillation Dose Rate Instruments

PAGE: 3 of 7

11.

12.

13.

Report any abnormal instrument readings (e.g., unstable analog meter
fluctuations), or background inconsistencies to the RSO, prior to continuing
instrument use.

Instruments that fail operational checks or malfunction during use should be
tagged or labeled “Out-of-Service,” or “Do Not Use,” and segregated from
operational instruments. If possible, describe the problem on the tag / label and
add initials and date.

Instruments leaving RPP Group control (i.e., repair, calibration, excess, etc.)
shall be surveyed for unconditional release. The repair / calibration center may
request a copy of the survey to accompany shipments of RP instruments.

5.2 Instrument Source Check

1.
2.

Obtain the selected instrument.

Obtain the corresponding GCSS Daily Field Source Check Log — Exposure
Rate Instruments form, Attachment 1. This form will be referred to as the
“Source Check Log.” Initiate a new Source Check Log, if necessary.

Perform a physical inspection of the instrument. Place particular emphasis on
the following items:

e Instrument case is not visibly damaged beyond minor scrapes and
scratches.

e Analog display is not cracked or otherwise damaged.

e Switches and buttons are functional.

e Audio, if present, is functional.

o Calibration labels are legible and instrument is within calibration period.
Note results of physical inspection on the Source Check Log.

Verify the battery level is within the acceptable range on the analog display.
Replace batteries and re-verify, as necessary.

Note battery check results on the Source Check Log.

Verify the high voltage (HV) level is within the acceptable range on the analog
display, if present. Place the instrument out-of-service if the HV is outside the
acceptable range.

Note the HV check results on the Source Check Log.

If acceptable background ranges have not been established, perform the
following:

e Obtain a blank GCSS Exposure Rate Instrument Set-Up Sheet,
Attachment 2. This form will be referred to as the “Set-Up Sheet.”

e Record the basic source and instrument information at the top of the
form.

e Using the instrument and the source jig (without source), obtain and
record ten background readings. The instrument should be removed
from the source jig and repositioned after each reading is obtained.
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10.
11.

12.
13.

14.
15.
16.
17.

18.

19.

Make sure the location where readings are obtained has stable
background levels and is the location used for subsequent source checks.

e Calculate and record the average background value and +/- 20% values
on both the set-up and source check logsheets.

Obtain and record an average background reading on the source check log.

Compare the average background reading to the acceptable range. If
background response is outside this range, report the condition to the RSO for
evaluation, otherwise continue with source check process.

Obtain the source to be used for instrument source checks.

If acceptable source check ranges have not been established, perform the
following:

e Obtain the Set-Up Sheet used to determine acceptable background
ranges for the instrument.

e Using the instrument and the source jig (with source), obtain and record
ten contact source readings. The instrument and source should be
removed from the source jig and repositioned after each reading is
obtained. Make sure the location where readings are obtained is the
same location where previous background readings were obtained.

e Calculate and record the average source value and +/- 20% values on
both the set-up and source check logsheets.

Load the source and instrument onto the source jig.
Obtain and record the “CONTACT” reading.
Verify the contact reading is within the acceptable range (+/- 20%).

If the contact source reading falls outside the acceptable range, tag the
instrument out of service and notify the RSO, otherwise continue.

Complete the source check log including technician initials. The instrument is
now ready for use.

Ensure sources and forms are stored properly after use in the designated storage
location. Forms are retained in RP Instrument logbooks of field files during
instrument use (i.e. calibration) cycle. Records are then reviewed by the RSO, or
designee for completeness and forward to Project Records for retention.

5.3 Operations

1.

Verify that required source checks have been performed prior to initial instrument
use.

Operate instrument in a manner that minimizes the potential for
cross-contamination and physical damage.

Limit readings taken while the instrument is positioned sideways to minimize
the effects of “geotropism” on the analog needle.

Obtain readings by positioning the instrument as close to the detector’s
“effective center” as possible. The detector effective center is represented on
the instrument housing a cross inside a circle on the Bicron Micro Rem, and a
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small circular depression on the Ludlum 19. Overall optimum readings are
collected from the front of the instrument housing.

Most instruments will operate in temperatures between 10 and 120 degrees
Fahrenheit. However, anytime the temperature is outside of the 32 degree
(freezing) or 100 degree ranges, observe the following precautions:

e Be observant of instrument response to background. If the instrument
begins to show a decreased response to expected background levels
contact the RSO, or designee for guidance.

e If practicable, perform a period response check of the instrument against
a known source of radiation. If the instrument appears to be responding
incorrectly contact the RSO or designee for guidance.

e Contact the RSO for guidance anytime work is planned outside of the 10
to 120 degree range.

Protect instruments, to the extent possible, from exposure to moisture (i.e. rain,
snow, etc.) during use. Instruments shall be stored in a safe manner when not
in use.
Perform a post-operational source check after use, if directed by work plan,
procedure, or the RSO.
6.0 ATTACHMENTS
o Daily Field Source Check Log — Exposure Rate Instruments (Attachment 1)
e Exposure Rate Instrument Set-Up Sheet (Attachment 2)
7.0 ATTACHMENTS

Attached forms are examples and may be modified by the RSO, as needed, without revision to

this procedure.

Attachment 1  Daily Field Source Check Log — Exposure Rate Instruments (Typical)

Attachment 2 Exposure Rate Instrument Set-Up Sheet (Typical)
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Attachment 1
Daily Field Source Check Log — Exposure Rate Instruments (Typical)

Rlluka_RP-107_Operation_of Dose_Rate_Instruments



TITLE:

Operation of Portable Gamma
Scintillation Dose Rate Instruments

NO.: RPP-109

PAGE: 7 of 7

Attachment 2

Exposure Rate Instrument Set-Up Sheet (Typical)
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1.0 PURPOSE
This procedure establishes consistent methodology for performing radiation and contamination
surveys at PESI Field Sites).
2.0 APPLICABILITY
This procedure is applicable to all personnel trained and qualified to perform radiation and
contamination surveys at PESI Field Sites.
3.0 REFERENCES
1. 10 CFR 20, “Standards for Protection Against Radiation.”
2. 10 CFR 19, “Notices, Instructions and Reports to Workers Inspection.”
4.0 RESPONSIBILITIES
4.2 Radiation Safety Officer (RSO)
e Implementation of this procedure.
e Ensuring appropriate radiation surveys are performed to measure and document
radiation levels.
e Ensuring all completed surveys are adequately reviewed.
e Providing technical direction to the RPTSs.
4.3 Radiation Protection Technicians (RPT’Ss)
e Conducting and documenting radiological surveys.
o Performing all necessary pre / post use operability checks.
e Creating neat, legible, and concise records.
5.0 PROCEDURE

51 General Instructions

1. Select the survey instrument based on the anticipated hazards and dose rates as
determined by a review of previous survey data and ongoing work activities.

2. Perform pre-operational and response checks in accordance with the operating
procedures for the instrument.

3. Remove any defective instrument from service.
4. Obtain survey forms and any other material required to document survey results.
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5.2 Routine Survey Frequencies

1.

The RSO shall specify areas for routine monitoring surveys and the frequency
of such surveys. The RSO should maintain a routine survey frequency
schedule. The schedule is NOT considered a record, and does not need to be
retained.

The following areas should be considered for a routine survey on a DAILY
basis:

e Designated eating, drinking, and smoking areas within Restricted
Areas.

o Radiological Counting Labs and sample prep areas.

e Any other area specified by the RSO.

The following areas should be considered for a routine survey on a WEEKLY
basis:

o High Traffic areas on the GCS Site.
e Field Trailers within Restricted Areas
e Vehicle Cabs and floor boards within Restricted Areas

The following areas and equipment should be considered for a routine survey
on a MONTHLY basis:

e Occupied office trailers.
e Storage areas.

The following should be done on an as-needed basis:
e Incoming Surveys

The RSO can direct that incoming surveys be performed on
equipment and materials arriving onto the site. The purpose of an
incoming survey is to protect the client from financial liability
associated with decontaminating equipment that arrived on the site
with existing contamination. The degree of thoroughness of the
survey and the requisite cleanliness of the equipment is at the
discretion of the RSO.

o Surveys of Materials Vehicles, and Personnel leaving Restricted
Areas

All materials, vehicles, and personnel shall perform surveys upon
leaving Restricted Areas that have a potential for spread of
contamination. The RSO or designee can direct that additional
surveys be performed as needed to monitor for spread of
contamination.

e Direct Total Contamination Surveys

1.

All items being surveyed should appear to be clean prior to being surveyed.
To the extent possible, all interior and exterior surfaces should be free from
oil and visible dirt. The RSO may dictate the required degree of cleanliness,
based on the purpose of the survey and the history of the item being
surveyed.
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Obtain proper instrumentation for the survey. Ensure that the instruments
are currently calibrated and have been performance checked prior to the
survey.

Determine and record the background count in the area to be surveyed.
Ensure that the background is representative of the measurement to be taken.
Calculate and record the MDA on the appropriate survey form. Verify the
MDA has been calculated for the background at the point of use and is less
than the applicable site release criteria. In no case shall the background
count time be less than the sample count time.

Perform a scanning survey of the item. Concentrate survey measurements
on areas most likely to be contaminated. The fraction of the total area
scanned is subjective, based on technician experience, an item’s use history,
and RSO guidance. Typically, the scan frequency is a minimum of 10% of
accessible surface areas.

Obtain static measurements at locations with the highest potential for
contamination. The number of survey points selected is subjective, based on
technician experience, an item’s use history, and RSO guidance. The count
time should be consistent with the MDA calculation. A typical count times
is one minute for digital scalers and until the meter reading stabilizes for
analog ratemeters.

Record and identify all locations surveyed on the appropriate survey
form(s). The use of diagrams or sketches is recommended.

e Beta-Gamma Probe - In high background areas it may not be
possible to achieve the required survey MDAs. This should be noted
on the survey cover sheet, and should be brought to the attention of
the RSO.

e Alpha Probe - The performance check background may be used in
place of background count in the area to be surveyed. A good
practice is to check the probe for light leaks or for faulty cables if
positive results begin appearing.

All measurements shall be reported in units of “dpm” unless otherwise
directed by the RSO. Examples include “dpm/100 cm?,” and “dpm/probe.”

Direct non-smearable hot spots may be averaged over 1 square meter to
determine compliance with release levels. If the entire item is less than
1 square meter in area, the entire surface area may be averaged. Bolt on
parts of a vehicle should not be considered separate items.

e The method for determining an average activity is to mark a
1 square meter area on the piece to be surveyed that is roughly
centered on the hot spot. Take 1 measurement at the highest
activity point of the hot spot. Take 4 (or more) other measurements
within the square meter at locations representative of the whole
square meter. Record count-rate of each individual measurement.
Calculate the activity of all measurements being averaged,
including those that are less than the MDA and those with a
calculated activity less than zero. Calculate the average of all
measurements and record on the survey form.
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9.

Complete the appropriate survey form.

5.3 Removable Contamination

With RSO approval, removable contamination surveys may be disregarded, provided that
direct survey measurements and instrument MDAs are below site removable
contamination limits for release.

1.

All items being surveyed shall be clean prior to being surveyed. All interior
and exterior surfaces should be free from oil and visible dirt. The RSO may
dictate the required degree of cleanliness, based on the purpose of the survey
and the history of the item being surveyed.

Wipe each location of interest with moderate pressure area using a standard
1 %-inch swipe. The area wiped should be approximately 100 cm2. Larger
areas may be wiped. It can be inferred that if the wipe meets the required
limit for 100 cm? when it was actually taken from a larger area, the object
will pass the 100 cm2 criteria. No special documentation is required if the
wiped area exceeds 100 cm2.  If the object is smaller than 100 cm?, the area
of the entire object should be wiped.

Large area wipes (LAW), also commonly referred to by the trade name
“Masslinn” may be used to supplement smear surveys for removable
contamination. The use of LAWS should be documented on the survey form
with the notation “LAW,” or equivalent.

Ensure each used swipe (i.e., smear or large area wipe) is handled, stored,
and transferred in such a fashion as to prevent to loss of sampled material or
cross-contamination with other personnel and other swipe samples.

Record the location of each wipe on the appropriate survey form. It is
preferable to record the location by circling the sequential number location
on a survey map where the wipe was taken.

5.4  Analyzing Swipes

1.

Smear samples should be counted using available scintillation or gas-flow
proportional laboratory counters, when practicable. Field instruments may
be used for smear counting at the discretion of the RSO.

LAW samples may be counted using field instruments. The use of
laboratory counters is inappropriate.

Determine and record the background count-rate. Calculate and record the
MDA on the appropriate survey form. Verify the MDA has been calculated
for the background at the point of use and is less than the applicable site
release criteria. In no case shall the background count time be less than the
sample count time.

Remove each swipe from the paper backing, as needed. The use of tweezers
is recommended.

Place the swipe in the counter and close.
Count for the designated counting time.

Record the gross result under cpm in the appropriate column (either alpha or
beta-gamma) of the survey form.
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8.

Calculate and record the activity. Removable contamination survey results
shall be reported in units of “dpm” unless otherwise directed by the RSO.
Examples include “dpm/100 cm?” and “dpm/LAW.”

5.5 Gamma Walkover Surveys

1.

Gamma walkover (or drive-over) surveys (GWS) are performed to measure
surface gamma radiation levels of open land areas.

GWS are typically performed with sodium iodide (Nal) detectors which
read-out in counts per minute (cpm) the site.

Obtain proper instrumentation for the survey. Ensure that the instruments
are currently calibrated and have been performance checked prior to the
survey.

The survey is performed by walking along a path while moving the Nal
detector side-to-side or in a serpentine motion.

The side-to-side motion of the detector will cover approximately 0.5 meters
per second.

Global positioning systems (GPS) may also be used in conjunction with
field radiation detection systems. The following protocol is used to collect
data with GPS data loggers:

5.5.1 Logging Data with TSC1 Data Collector Running Asset

Surveyor

1. Turn the meter on. Make sure the meter is on fast response and rate
meter.

2. Connect the cable in the backpack to the bottom port of the data
logger, then connect the thin cord to the instrument and the other data
logger cord, connect that hole cord to the top of the data logger.

3. Turn the Data Logger on by depressing the green button in the lower
left corner.

4. 1t will take a minute or two for the receiver to register and locate
satellites. You must have at least 4 satellites and PDOP < 6.0

5. You can then start logging data. From the main menu scroll to
Data collection. Press Enter.

6. Enter a name for the file that you are going to collect data in. Press Enter.

7. 1t will then tell you that Carrier Phase works better in 3 D.

8. It will then give you a screen describing the antenna height and available

memory. Press Enter.
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5.7

5.6

10.

11.

This will start the data logging process. You should see a #/# on the bottom
right of the screen. That number as well as a straight counter should be
increasing at the rate of about 1 count per second. They may not increase at
the same rate. If this is not occurring then check to make sure that your
meter is on rate meter. If it is and the numbers are still not counting, check
the cables connected to the meter.

If you press Menu while logging data and go to map, Press Enter. This will
show you the path that you are walking as you move. You may have to
zoom in a couple of times. Do this by pressing the F2 key.

To stop logging data press Menu, then select Data collection, Press Enter.
Then Press Esc. If you logged data for less than 10 minutes it will tell you
insufficient carrier data. It will ask you if you wish to exit. Press F1 to exit
and F5 to go back to collecting data. If you have logged data for more than
ten minutes it will just ask you if you wish to exit Data collection.

Gamma Dose Rate Surveys

1.

Obtain proper instrumentation. Ensure that the instrument is currently
calibrated and has been performance checked prior to the survey.

When entering areas with known radiation levels, select the appropriate
scale.
Perform gamma dose rate surveys as follows:

— Monitor dose rates from the lower thighs to head level, recording the
highest level as General Area Dose Rate.

— Monitor dose rates 30 cm (12 inches) from a significant radiation
source recording the highest level as General Area Dose Rate.

— Perform contact gamma dose rate measurements with the detector
within %-inch of the surface to be surveyed.

— Additional measurement locations should be clearly identified in
survey documentation.

— Record all survey results on the appropriate survey form.

CALCULATIONS
Sample Activity

DPM =(

TotalSampleCounts |  ( TotalBkgCounts
SampleCountTime BkgCountTime

(E) (A)

where:
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E = Instrument Efficiency
A = Area correction factor, if applicable

Minimum Detectable Activity (MDA)

The following MDA equation is to be used for a background count time equal to the
sample count time:

VDA :[(3+4.651/B )]

(E)(A)Ts)
where:
Ts = Sample count time
E = Instrument efficiency
A = Area correction factor, if applicable
B = Background cpm

The following equation is to be used for a background count time equal to 5 or more
times the sample count time:

VDA :((3+3.291/B )J

(E)(A)Ts)

7.0 RECORDS

o  Survey forms shall be completed in entirety. This includes attaching printouts, diagrams, or
other supporting documentation, appending sequential page and survey tracking numbers, a
review for completeness and accuracy, and appending the appropriate signatures of

personnel performing the survey and / or analyzing samples.

e  Once complete, the survey package shall be submitted to the RSO or designee, for final

review and approval signature.

e  Survey documentation shall be maintained according to established RP document control

and retention requirements.
9.0 ATTACHMENT

Attachment 1  Acceptable Surface Contamination Levels
Attachment 1

Acceptable Surface Contamination Levels

NUCLIDE? AVERAGE"® MAXIMUMP® REMOVABLE®®
dpm/100 cm? dpm/100 cm? dpm/100 cm?
U-nat, U-235, U-238 and associated decay 5,000 15,000 1,000
products
Transuranics, Ra-226, Ra-228, Th-230, 100 300 20
Th-228, Pa-231, Ac-227, 1-125, 1-129
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Th-nat, Th-232, Sr-90, Ra-223, Ra-224, 1,000 3,000 200
U-232, 1-126, 1-131, 1-133
Beta-gamma emitters (nuclides with decay 5,000 15,000 1,000

modes other than alpha emission or
spontaneous fission) except Sr-90 and

others noted above.

Notes:
a

*Source:

Note:

Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits
established for alpha- and beta-gamma-emitting nuclides should apply independently.

As used in this table, dpm means the rate of emission by radioactive material as determined by correcting
the counts per minute observed by an appropriate detector for background, efficiency, and geometric
factors associated with the instrumentation.

Measurements of average contaminant should not be averaged over more than 1 square meter. For objects
of less surface area, the average should be derived for each object.

The maximum contaminated level applies to an area of not more than 100 cm?.

The amount of removable radioactive material per 100 cm? of surface area should be determined by wiping
that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of
radioactive material on the wipe with an appropriate instrument of known efficiency. When removable
contamination on objects of less surface area is determined, the pertinent levels should be reduced
proportionally and the entire surface should be wiped.

USCG / USEPA EM 385-1-80 Table 6-4 Acceptable Surface Contamination Levels, 1985.

The acceptable surface contamination levels for Th-nat will be used unless subsequent
sampling indicate the presence Ra-226, Ra-228, Th-230, Pa-231, or Ac-227 in
concentrations greater than that of the parent nuclide. The RSO will determine if
contamination limits should be modified for a specific activity or location based on
available data.
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DATE: January 2013
1.0 PURPOSE
This procedure establishes consistent methodology for documenting radiological surveys and
provides criteria for the review of these surveys.
2.0 APPLICABILITY
This procedure is applicable to all radiological surveys excluding air samples.
3.0 REFERENCES
1. 10 CFR 20, “Standards for Protection Against Radiation.”
2. RP-103, “Radiological Surveys.”
4.0 GENERAL
4.1 Discussion
The results of surveys will be documented on survey forms or in designated logs as approved
by the Radiation Safety Officer (RSO). Survey data will contain enough detail to provide
personnel with adequate information concerning radiological conditions existing in the area
surveyed.
The RSO or designee will review completed survey documentation to ensure appropriate,
adequate and complete information is recorded. The individual reviewing the survey will
ensure that the recorded results are legible, in accordance with Radiological Protection
Program (RPP) implementing procedures, consistent with anticipated levels, and will
determine the reason for any variances.
4.0 RESPONSIBILITIES
4.1 Radiation Safety Officer (RSO)
e The Radiation Safety Officer (RSO) or designee is responsible for reviewing
radiological surveys performed by Radiation Protection Technicians (RPT).
4.2 Radiation Protection Technician (RPT)
o RPTs are responsible for documenting surveys in a legible manner on approved
forms.
5.0 PROCEDURE

The methods outlined in this procedure are intended to assure the clear and concise transfer of
survey information. Variations or deviations from the protocols in this procedure are permitted if
the clear transfer of information is maintained.
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51 Documentation

Survey log number book is to be used to assign a unique sequential number to each survey form
package. This number provides the ability to track individual surveys as well as ensuring the
submittal of a complete documentation package for archiving.

Unless otherwise directed by the RSO, survey numbers will be assigned with the following format:
PF-RS-yy-XxxXx

“PF” corresponds to “Perma-Fix, “RS” refers to “Radiological Survey,” yy is the last two digits in the
year, and xxx refers to the sequential survey number.

1. Record all information on survey forms in a neat and legible manner.

1. Document all surveys on a form with approved project heading.
Technician logbooks may be used for documenting surveys (e.g., daily
routines, material transfers, minor posting changes, etc.) as authorized by
the RSO and provided instrument serial numbers are documented with
survey data.

2. When recording information on survey forms, check all appropriate boxes
and circle all appropriate answers.

3. Use a survey form with pre-drawn diagrams when available. If not, draw
a diagram or picture of the object surveyed. Should a diagram not be
appropriate, use a lined survey form.

4. Assign the next sequential survey number to the survey from the survey
number logbook.

5. Complete the following information for all surveys:
o Date and time of survey
e Location of survey

e Instrument type and serial numbers and associated supporting
information (i.e., detector efficiencies, calibration dates,
background values, etc.)

e Reason for survey
e Name and signature of surveyor

6. The use of Greek alphabet and other nuclear industry standard
nomenclature (e.g., “k” = 1000) is acceptable when documenting surveys.

7. Indicate general area (GA) dose rates by underlining the radiation level on
the Survey Form at the appropriate location (Example: 25 uR/hr).

8. Indicate CONTACT dose rates by recording the radiation level with an
asterisk on the Survey Form at the appropriate location (Example:
* 25 ur/hr). If there are corresponding 30 cm and GA readings, document
them as follows:

* CONTACT/ @ 30cm/GA

RP-104_Survey Documentation_and_Review



TITLE:

Survey Documentation and Review NO.. RP-104

PAGE: 30f 6

6.0

7.0

10.

Use a legend to inform the reviewer of any other notation utilized or if
deviating from standard protocol.

Indicate survey locations by placing sequential numbers within a circle on
the Survey Sheet. The Survey Sheet has corresponding direct and
transferable columns for both alpha and beta / gamma activity.

52 Technical Review

N o o &

®

10.

RECORDS

1. After completing the surveys, evaluate the results against
previous surveys or anticipated results.

Take any immediate actions required based on survey results.

Ensure all relevant supporting documentation (e.g., count room print-
outs, etc.) are attached to the survey package and that the package is
properly paginated.

Submit documentation to the RSO or designee for supervisory review.
Ensure that the survey form is complete and legible.
Ensure that all required information has been completed.

Ensure that any changes, single line cross-outs, or deletions are initialed
and dated at time performed.

Verify that results are consistent with those anticipated.

If results are not consistent, ensure that appropriate actions have been
taken to explain the results or re-examine the area.

Sign-off in the appropriate review section of the survey form and submit
package to RP Document Control for retention / transmittal to Project
Files.

e Survey Form (Attachment 1)
e  Survey Log Number Form (Attachment 2)
e Radiation Protection Technician (RPT) Logbooks

ATTACHMENTS

Note: Attachments may be revised without formal review of this procedure and are attached as
examples only. Please contact the RSO for a current copy of these attachments.

Attachment 1 Survey Form (Typical)

Attachment 2 Survey Log Number Form (Typical)
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Attachment 1 (Typical)
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Attachment 2 (Typical)
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DATE: January 2013

1.0 PURPOSE

This work instruction specifies the methods for set-up, daily pre-operational check, and operation
of portable count-rate survey instruments. These instruments are used for the detection of
radioactivity on personnel, on or within material surfaces, and in the environment. This
procedure does not include associated instrument calibrations or cover the operation of exposure
rate instruments.

2.0 APPLICABILITY

This procedure specifically addresses those meter-probe combinations that report values in units
of counts or counts per minute (cpm) such as Ludlum Measurements models 2221 and 2241
Scaler-Ratemeters; and the Ludlum Model 177 Alarming Ratemeter or equivalent. These meters
are mated to probes including the Ludlum Model 44-10, 44-20, and 44-62 Nal Detectors, the
Ludlum Model 43-5 Alpha Scintillation Detector, and the Ludlum Model 44-9 Pancake Geiger-
Mueller detectors or equivalent. Additional equivalent meters and probes may be used under this
procedure without revision as approved by the RSO.

3.0 REFERENCES

1. ANSI N323A-1997, Radiation Protection Instrumentation Test and Calibration,
Portable Survey Instruments.

2. Instrument Technical Manuals.
3. RPP-103, Radiological Surveys
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4.0 RESPONSIBILITIES
4.1 Radiation Safety Officer (RSO)

e Reviewing and approving changes to this procedure and ensuring compliance
with applicable regulations.

e Ensuring an adequate inventory of Radiation Protection instruments are available
to support remediation activities.

e Overseeing the issue, control, and accountability of Radiation Protection
instrumentation per the requirements of this procedure.

e Ensuring transmittal of all issue, control and accountability records to the
appropriate document control authority when applicable.

4.2 Radiation Protection Technician (RPT)
¢ Maintaining instrument documentation and records as required by this procedure.
¢ Maintaining adequate instrument and equipment availability.

e Verifying current calibration and response test dates prior to issue or use of
instruments.

e Promptly returning instruments to their proper location when work is complete.

e Ensuring that instruments are properly surveyed for contamination and
decontaminated as necessary after use.

5.0 PROCEDURE
51 General

1. Ensure the meter-probe combination selected is within their acceptable calibration
periods. The swapping of probes between meters is permitted, but not encouraged.
The following precautions and limitations must be observed and the following
action steps must be taken:

o If the meter-probe combination is calibrated as a set, Probe swapping is
not permitted, without specific RSO approval.

e The HIGH VOLTAGE (HV) and THRESHOLD settings for the
meter-probe combination shall be identical. Note that the Ludlum 177 and
2241 do not have user adjustable settings for HV and THRESHOLD.

e An initial set-up must be performed for each meter-probe combination
prior to field use.

e A source with known pedigree must be counted to verify the efficiency is
within 10% of the calibrated efficiency, as applicable.

2. The RP Group will coordinate the calibration of boxes and probes on a minimum
annual basis and after major repair operations. Battery and / or cable change-outs
do not require re-calibration. Calibration procedures are outside of the scope of
this instruction.

3. Pre-operational checks are required daily prior to use. Post-operational checks are
performed as specified in work plans or procedures. Instruments used in the
performance of daily activities do not normally require a post-operational check..
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TITLE: Portable Count Rate Survey Instruments | NO.. RPP-106
PAGE: 30f9

4. Instruments that fail operational checks or malfunction during use should be tagged
or labeled “Out-of-Service” or “Do Not Use” and segregated from operational
instruments. If possible, describe the problem on the tag / label and add initials and
date.

5. Instruments leaving RP Group control (i.e., repair, calibration, excess, etc.) shall be
surveyed for unconditional release according to the contamination criteria
established in Table 1 of the Site RPP. The repair / calibration center may request
a copy of the survey accompany any shipments of RP instruments.

6. Ensure meters with a “WINDOW?” or “WIN” setting are set to “OUT.”

7. Instruments may be operated in the FAST response mode if necessary. This
setting is recommended if the audible response cannot be heard. SLOW response
shall be used when performing instrument set-up and operational checks.

8. Ludlum Nal crystals are located in the end of the probe opposite of the cable
connection. Use this end for surveys.

9. Calibration stickers are attached to the instruments and detectors. lllegible stickers
should be replaced prior to instrument use.

10. Instrument set-up and subsequent operational checks should be performed in
the same location, with consistent temperature and background radiation levels.

11. Source positioning devices (i.e., jigs) may be used to ensure a reproducible
geometry between instrument checks. Source geometry must be consistent
between initial instrument set-up and subsequent operational checks.

12. Instruments that do not have scaler capability should be set-up and checked by
replacing 1-minute timed counts with static count rate measurements. Each static
measurement should last until the meter reading fully stabilizes.

5.2 Instrument Set-Up

1.
2.
3.

Inspect the meter-probe combination for physical damage or defect.
Complete Section A of the Portable Instrument Set-Up Sheet (Attachment 1).

Perform 10 1-minute source counts alternating with 10 1-minute background
counts. Remove / replace the source and reposition the probe after each count.
During alternating background counts, ensure that the source is sufficiently
shielded so as not to impact background values.

NOTE: Counts (Source and Background) performed with a Ludlum 43-5, or
other large surface area probe, should be alternated between the Heel, Center,
and Toe Positions, if the source surface is smaller than the active surface area of
the probe. Instrument response can vary greatly across the probe surface.

Document each count on the Portable Instrument Set-Up Sheet.

Calculate and record the net count value by subtracting the corresponding
background count from each source count.

NOTE: Determining Sigma (Standard Deviation) values is useful when
specific plans or activities require higher data quality objectives and / or when
the development of control charts is necessary.
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6. Calculate and record the following values from the obtained background
counts:

e Avg. Value (Sum of values / # of counts)
e Sigma Value (Standard Deviation of all counts)
o 20% Value (Avg. Value * 0.20)

7. Calculate and record the +/- 20% Values and the +/- 1,2, and 3 Sigma values using
the AVG. VALUE as a reference point.

8. Repeat the previous two steps for determining NET COUNT acceptable ranges.
The 3 Sigma value must be less than the +/- 20% value.

9. Obtain a blank Daily Field Source Check Logsheet (DFSCL) (Attachment 2) and
transfer the instrument, source, and acceptable range data, as applicable, from the
Portable Instrument Set-Up Sheet.

10. Place the DFSCL in the designated use location and forward the completed
Portable Instrument Set-Up Sheet and submit to the RSO, or designee for review.

11. Ensure sources are stored properly after use in the designated source storage
location.

5.3 Operational Check

1. Obtain the selected meter-probe combination and corresponding DFSCL
(Attachment 2).

2. Record the date and time on the DFSCL.
3. Perform and document the following checks on the DFSCL, as applicable:

e Perform a physical inspection. Observe for instrument damage. Alpha
probes should be checked for light leaks by inverting the probe face
towards a light source and observing instrument response. If the
instrument fails to respond at all or over-responds this may be an
indication of a light leak and should be investigated further, prior to
proceeding.

e Perform a battery check. Instrument Models differ in method. Some
meters have a visible battery range on the meter face. The Ludlum
Model 2241 has a battery indicator in the digital display that lights if the
batteries require replacement. The Ludlum Model 2221 has a BAT
button that brings up the battery level in the digital display. Ensure this
value is at least 5.0v. Change batteries and retest as necessary.

e Verify and adjust the HV, when possible, to match the initial set-up
data. Minute differences in HV (+/- 5v) are acceptable without
adjustment.

e  Perform an audio response check..

4. Perform and record a 1-minute background count. Report any abnormal
background responses to the RSO, prior to instrument use. Normally acceptable
background levels < 5 cpm for alpha probes, and < 300 cpm for Pancake G-M
probes. Acceptable background levels for Nal probes are variable due to crystal
size and based on technician experience.
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5. Perform and record a 1-minute source gross count using the same source and
geometry applied during initial set-up.

6. Calculate and record the net count value.

7. Compare the net count value to the acceptable range. If the instrument response is
outside the acceptable range, the process may be repeated a maximum of
1 additional time before placing the instrument out-of-service.

8. If the instrument fails the pre-operational checks, mark FAIL, initial the DFSCL,
and place the instrument out-of-service. Deliver completed DFSCL to the RSO or
designee, and explain the failed condition(s).

9. If all checks pass, mark PASS, initial the DFSCL, and return form to designated in-
use storage location. This may be a binder, folder, or cabinet. The instrument is
now ready for use.

10. If the instrument will be used for routine personnel exit monitoring ensure the
alarm threshold is set to alarm and actuates at a level below the site removable
contamination limits

11. Ensure sources are stored properly after use in the designated source storage
location.

5.4  Operations

1. Operate instrument in a manner that minimizes the potential for
cross-contamination and physical damage.

2. Evaluate the surface or area to be surveyed for potential scanning interferences.
For example, thin layers of water or soil can prevent the detection of alpha
contamination. Another example is the use of a Nal probe to qualify soil
contamination. The presence of standing water can have a significant impact
on instrument response. Initiate necessary corrective actions prior to survey or
note conditions during survey reporting.

3. Most instruments will operate in temperatures between 10 and 120 degrees
Fahrenheit. However, anytime the temperature is outside of the 32 degree
(freezing) or 100 degrees ranges, observe the following precautions:

e Use particular caution with Nal crystals that may shatter under
extreme temperature changes. If the temperature difference is
greater than 30 degrees between storage and usage locations, wrap
the probe tightly in a cloth towel or other insulator and allow
warming or cooling over at least one hour prior to use.

e Periodically check the instrument against a known source of
radiation or contamination. If the instrument appears to be
responding incorrectly contact the RSO or designee for guidance.

e Contact the RSO for guidance anytime work is planned outside of
the 10 to 120 degree range.

4. Protect instruments to the extent possible from exposure to moisture (i.e., rain,
snow, etc.) during use. Instruments shall be stored in a safe manner when not
in use.
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5. Minimum Detectable Activities (MDA) for each survey should be determined
by evaluating field background levels, not background values obtained during
operational checks. Calculate MDA using the formula provided in PP-8-805,
“Radiological Surveys.”

6. Determining activity in disintegrations per minute (dpm) should be performed
using the instrument efficiency obtained during calibration. Efficiencies are
normally not established for Nal probes, and therefore should not be used for
guantifying activity concentrations. The use of Nal probes for activity
guantification shall be evaluated by the RSO prior to performance.

7. Observe the following when performing survey scans and static measurements:

e Alpha probes should be held within Ya-inch of the surface being
surveyed. Probe speed should not exceed 1 probe width per second.

e Beta probes should be held within Y“.-inch of the surface being
surveyed. Survey speed should not exceed one probe width per
second.

e Nal probes should be held as close as possible to the surface being
surveyed without contaminating the probe housing. Note that the
crystal is located in the probe end opposite the cable connection.
Use appropriate sleeving or wrapping in wet or dirty environments.

e The scan speed for performing Gamma Walkover Surveys is
approximately 0.5 m/sec. Move the detector side to side using a 1-
meter path length. Each side-side swing should take 2 seconds to
traverse the 1-meter path. Advance the probe forward as you go at a
rate of approximately 0.5 m/sec. Use the audio function. When
increased counts are detected, slow down and locate the source as
would be done in a normal survey. Walk parallel paths to ensure that
100% of the area is surveyed. Ensure that the survey extends to the
boundaries of the survey unit. Pay particular attention to low lying
areas, ditches, and points of possible contamination.

e Static measurements should be performed in any location were scans
indicated the presence of activity. This is due to the fact that
instrument MDAs are normally based on a 1-minute static
measurement.

e All static measurements should be at least 1 minute, if the instrument
has a scaler function. If the instrument is a ratemeter only, static
measurements should last until the meter reading has fully stabilized.

8. Perform a post-operational check after use if directed by work plan, procedure,
or the RSO.

6.0 RECORDS

e  Portable Instrument Set-Up Sheet
e  Daily Field Source Check Logsheet

7.0 ATTACHMENTS

Note: Attachments may be revised without formal review of this procedure and are attached as
examples only. Please contact the RSO for a current copy of these attachments.
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Attachment 1  Portable Instrument Set-Up Sheet (Typical)
Attachment 2 Daily Field Source Check Logsheet (Typical)
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Attachment 1
Portable Instrument Set-Up Sheet (Typical)
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Attachment 2
Daily Field Source Check Logsheet (Typical)

RRP-106_Operation_of Count_Rate_Instruments




CH2MHILL

STANDARD OPERATING PROCEDURE # 01 FIELD DOCUMENTATION

Proper field documentation is necessary to ensure the obtained data is defensible and to
verify the quality and quantity of work performed in the field. Field log books, instrument
calibration log (documented in the field log book), sample and operation log sheets,
correspondence, sample labels, chain-of-custody forms, photographs, and analytical records
are suitable documents for recording the work. All information pertinent to a field activity
must be entered into a log book or on system operation log sheets.

EQUIPMENT AND SUPPLIES

> Log book and/or system operation log sheets
» Camera (disposable or digital)
» Chain-of-custody forms and custody seals
Sample identification labels and sampling log sheets
Work Plan
Pen and Sharpie
Health and Safety Plan
PROCEDURES
Planning for field documentation involves:
» Acquiring needed equipment and supplies;

> Reading the Work Plan and associated contract documents in order to understand
the field documentation requirements; and

» Compiling or developing data sheets, labels, and other documentation forms.
LOG BOOK AND/OR OPERATION LOG SHEETS

All log books shall be numbered and bound with consecutively numbered pages. The Field
Team Leader or individual designated to perform field activities and/or system operations
shall keep an up-to-date field log book that documents and details the activities of each day
including all personnel on site, conversations with clients, regulators, contractors, etc., and
all work performed throughout the day. Specific log sheets related to each field task
include:

» Project/Task Briefing Form
» Groundwater Sampling Log Form

» Soil Sampling Log Form

SLC\C:\USERS\CERICSSO\DOCUMENTS\CE_STUFF\OTHER\ACTIVE\LIZ_D\CURRENT\APP_C\SOP1-FIELDDOCUMENTATION_GENERALNEEDSTWEEK.DOC 1



» Field Services Form

All log sheets shall be initialed by the system operator and stored sequentially in a field
documentation repository (3-ring binder). Log book pages and data should never be
removed. When information is to be changed in the field book or log sheet, a line will be
drawn through the data or text and initialed. Permanent ink shall be used for recording the
data. Log forms shall be completely filled out and missing data shall be noted and
explained. All contractors on-site including Union Pacific employees and EICs shall sign off
on the safety briefing form.

LABORATORY SAMPLE CHAIN-OF-CUSTODY FORM

The COC form is intended to trace sample possession from the time of collection to
disposition. Every sample collected for laboratory analysis must be accounted for on a COC
form. Completed COC forms shall contain the following information.

Sample numbers;

Signature of collector;

Date and time of collection;

Sample matrix;

Sample Location;

Number of containers;

Parameters requested for analysis;

Signature of all person(s) involved in the chain of sample possession;
Inclusive dates of possession;

Internal temperature of shipping container upon opening at the laboratory.

SAMPLE LABELS

VVVVVVYYYY

Logs from each sampling event shall be retained in the documentation binder. Sample
labels shall be attached to each sample container. The following information must be
included on every sample label:

Sample identification number;

Initials of sample collector;

Date and time of sample collection;
Sample preservation method if required;
Parameters required for analysis; and
Comments as needed.

VVVVYYY
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SURFACE AND SHALLOW SOIL SAMPLING
1.0 PURPOSE

The purpose of this technical procedure is to describe the methodology for collecting discrete or
composite soil samples to document the areal and vertical extent of contaminated soil, and to
determine the geotechnical, physical, and chemical properties of the soil.

2.0 SCOPE

This procedure applies to all CH2M HILL personnel and subcontractors who engage in
collecting or otherwise handling samples of surficial or subsurface soil for United States Army
Corps of Engineers (USACE) projects.

3.0 GENERAL

Soil sample collection shall adhere to the labeling and chain of custody requirements applicable
to any site sampling activities. Refer to Sample Handling and Custody, for details on sample
container labeling, handling, and chain of custody requirements. Sample packaging and
shipping requirements are outlined in technical procedure Packing and Shipping -
Environmental Samples.

All personnel who collect or handle the soil samples shall wear disposable nitrile gloves to
prevent cross-contamination and provide personal protection. New gloves shall be donned for
sample collection at each location, or whenever gloves are torn or otherwise compromised.

4.0 RESPONSIBILITIES
4.1 Project Manager

The Project Manager (PM) is responsible for overall compliance and training with these
procedures.

4.2 Field Team Leader

The Field Team Leader (FTL) shall ensure that soil samples are collected according to this
procedure. The FTL shall also be required to make rational and justifiable decisions when
deviations from this procedure are necessary because of field conditions or unforeseen
problems. The FTL shall consult the PM if significant deviations from the sample and analysis
plan are necessary due to field conditions. The FTL shall also ensure that samples are
handled, labeled, and shipped according to SOPs. The FTL shall also assure that all
investigation derived waste (IDW) is managed according to the site-specific Waste Management
Plan (WMP).
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5.0 PROCEDURES
5.1 Equipment

Equipment that may be used to collect surface or subsurface soil samples includes, but is not
limited to, the following items:

e plastic scoops/spoons

e stainless steel hand auger

e trowel

o digging bar

e plastic bowls or pans

¢ field logbook and boring log

e waterproof and permanent marker

e paper towels

e appropriate decontamination equipment

e appropriate health and safety equipment per the site-specific Health and Safety
Plan (HSP)

e sample cooler with ice

e sample containers and labels
e chain-of-custody forms

e Munsell Soil Color Charts

e grain size charts

o Ziploc® (or comparable) freezer bags

5.2 Decontamination

Before collecting any soil samples, all sampling devices shall be decontaminated (or confirmed
to be free off contaminants). Decontamination supplies must be on hand so that equipment can
be decontaminated in the field if non disposable sampling equipment is used. Each piece of
reusable sampling equipment shall be decontaminated between each sample location or
interval. Spent decontamination fluids will be managed according to the site-specific WMP.
Procedures presented in Decontamination Procedures SOP, will be followed for
decontamination of field equipment and for personnel decontamination. Disposable sampling
equipment will be used whenever it is feasible to minimize decontamination and the potential for
cross-contamination.
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5.3 Surface Soil Sampling

Surface soil is typically defined as the soil located between the ground surface and a depth of
2, and sometimes 3, feet below the surface. However, the depth that is considered surface soll
may vary depending on site-specific project objectives, as defined in the project-specific Work
Plan. Surface soil samples can be collected in paved and unpaved areas.

In paved locations, surface asphalt or concrete would need to be removed mechanically or by
hand, as well as any base course located beneath the paving.

In unpaved locations, surface vegetation may need to be removed before sampling. Surface
soil samples may be collected as either discrete or composite samples. Each surface saill
sample will be collected using disposable plastic scoops where possible, or a stainless steel
trowel or auger for dense or rocky soils. The sampler, wearing clean disposable nitrile gloves,
will remove materials, including pebbles and roots, from the mixture as the sample is collected.
Each sample will be collected by thoroughly homogenizing material from the appropriate depth
interval bgs (as stated in the project specific Work Plan) from the respective sampling location.
A decontaminated scoop or trowel will be used to collect the soil sample.

Each soil sample fraction collected for inorganic analyses will be thoroughly homogenized in a
clean, dedicated container or disposable plastic bag. The homogenized material will then be
divided among the appropriate sample containers. The sample containers will then be sealed
tightly. Care should be taken to ensure that the container used for homogenization and the
sampling utensils do not interfere with the analytes of interest.

Composite samples shall be collected by placing equal amounts (or aliquots) of soil collected
from multiple locations into a decontaminated, dedicated collection container. The aliquots will
then be homogenized using the sample collection tool (such as a scoop or spoon). Then the
homogenized material will be divided equally among the appropriate sample containers, and the
sample containers will be sealed tightly.

54 Shallow Subsurface Soil Sampling (Depth Obtainable with Hand Tool Equipment)

Each subsurface soil sampling location should be checked and cleared before intrusive
activities commence.

Shallow subsurface soil samples may be collected as either discrete (grab) or composite
samples. Subsurface soil samples can be collected using a wide variety of sampling equipment
and devices. Common equipment used to collect shallow subsurface soil samples include
thin-wall tube samplers and various types of hand augers, including bucket-type hand augers,
continuous-flight hand augers, and posthole hand augers. Of these, only the thin-wall tube
sampler collects an undisturbed soil sample. Depending on field conditions or sampling
objectives, several types of sample collection equipment can be used to collect a soil sample at
a single location.

Using a decontaminated hand auger (or similar equipment), the soil borehole will be advanced
to the depth immediately above the sampling interval, and all cuttings will be removed from the
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borehole. During advancement of the auger, cuttings from in and around the borehole will be
periodically removed and placed on a plastic sheet. If the sample is to be collected using the
same hand auger, the auger bucket will be decontaminated (or replaced with a decontaminated
bucket) before collecting the sample. The discrete sample will then be collected by advancing
the sampling equipment to the appropriate depth interval and retrieving the soil sample.

Each soil sample fraction collected for inorganic analyses will be thoroughly homogenized in a
clean, dedicated container or plastic bag. Care should be taken to ensure that the container
used for homogenization and the sampling utensils do not interfere with the analytes of interest
(for example, an aluminum pan should not be used for soil samples submitted for metals
analyses). The homogenized material will then be divided equally among the appropriate
sample containers. Depending on the number of sample containers to be filled at each location,
additional soil sample media may be required from the sample location.

Composite samples will be collected by placing equal amounts (or aliquots) of soil collected
from multiple locations into a decontaminated, dedicated decontaminated collection container.
The aliquots will then be homogenized using a the sample collection tool (such as a scoop or
spoon). The homogenized material will then be divided equally among the appropriate sample
containers. The sample containers will then be sealed tightly.

5.5 Soil Lithologic Descriptions

This section discusses the protocol for recording basic lithologic data, including, but not limited
to, the major lithology present, secondary lithologic components, Munsell Color Chart
classification, grain size, moisture content, bedding, and other lithologic components. In
describing lithologies, it is helpful to have a set of references covering items such as the grain
size, particle shape, degree of sorting, and comparison chart of estimating percentages.

A list of equipment that will be useful in completing lithologic descriptions is provided below:

Field logbook and lithologic field forms
Clip board

Plastic sheeting

Indelible black ink pens or markers
Reference field charts

Personal protective clothing and equipment
Health and safety monitoring equipment
Folding table and chairs

Camera and ruler (or similar) for photo
Sample jars (if required)

Grain size chart

Munsell Color Chart

The following descriptive protocol should be used to classify and document the lithologic
description of the lithology recorded. The information gathered will be recorded in the
“Description” column on the soil boring log field form.
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55.1 Predominant Lithology

Determine the predominant lithology or lithologies within the sample interval using the grain-size
classification guide provided in Attachment?2 in this procedure or other reference, as
appropriate. Dominant lithology classification is determined based on the predominant (that is,
50 percent or greater) grain size present in a sample. For example, if the SAND and GRAVEL
portion comprises more than 50 percent, the predominant lithology classification is either SAND
or GRAVEL, depending on which portion is greater. Similarly, if SAND and GRAVEL comprises
50 percent or less, the sediment is named either CLAY or SILT, whichever comprises the
greatest percentage of the sample. This will be the primary descriptor used to identify the soil.

In some instances, a secondary constituent may alter the primary lithology if that constituent
comprises between 35-44 percent of the total sample. The descriptor for that constituent should
be placed before for the primary constituent with a “Y” ending. See Section 5.1.8.2 for further
details and examples. In other cases, two soil types equally comprise the predominant lithology
of a sample. In these cases, the term “and” should be used between the terms for each
lithologic descriptor (for example “SAND and GRAVEL").

NOTE: Samples from split spoons and small-diameter core tools are not always representative of coarse-
grained strata (those with grain sizes of a diameter greater than that of the diameter of the particular coring
apparatus used). Be sure to check driller’s logs and soil cuttings for boulders, cobbles, gravels, and the like, which
were encountered during advancement of the boring, and note their presence on the soil boring log field form.

Special consideration needs to be taken when dealing with soil samples in which the
predominant grain size is fine grained (that is, CLAY or SILT). Because of the fine size of clay
and silt, physical properties other than grain size must be used as criteria for identification in the
field. The dilatancy or “shaking test” may be used to distinguish between the fractions of clay
and silt. In this test, a small amount of soil is mixed with water to a very soft consistency in the
palm of the hand. The back of the hand is then lightly tapped. If the sediment is silty, water
rises quickly to the surface of the mixture and gives it a glistening or shiny appearance.
Because of the difficulty in distinguishing between silt and clay, it is not necessary to provide the
relative percentage of each.

The property of plasticity is characteristic of clays and may be determined using a simple field
test. If a sample of moist fine-grained soil can be rolled into a long thin thread in the palm of the
hand, it contains a significant amount of clay. Silt can seldom be rolled into a thread without
severe cracking. If a sample is too wet to roll easily, it should be spread into a thin layer and
allowed to lose some water by evaporation before rolling.

5.5.2 Secondary Constituents

Secondary and tertiary constituents are those portions of the lithology that comprise less than
50 percent of the sample. Estimate the percentages of these constituents using Attachments 2
and 4. For mixed-grain sizes, estimate the relative percentages of the sediment sizes within the
sample. Table 1 provides a set of descriptive adjectives that should be used to identify
secondary lithologies based on the estimated percent composition. Once the actual percentage
for each constituent is known, it can be assigned a descriptive adjective from this table that is
recorded in the lithologic description.
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Table 1
Descriptive Adjectives for Secondary Lithologies

Deccioion Percent Composition

Trace (tr) <5%

Trace-little (tr to Itl) 5-11%

Little (Itl) 12-24%

Some (sm) 25-34%

“Y” ending 35-44% (for example, silty sand)
“And” 45-50% (for example, silt and sand)

For example, a sample consisting of predominantly sand with 40 percent silt would be recorded:
SILTY SAND. Sand with 15 percent silt would be: SAND: little silt.

5.5.3 Secondary Modifiers

Identify applicable secondary modifiers (for example, grain size, sorting, structural and textural
features, bedding laminations) and use abbreviated qualifying adjectives as needed. A list of
abbreviated qualifying adjectives is presented as Attachment 6.

o Relative Density
Relative density can be based on blow counts during hollow-stem auger drilling and
is used as a prefix in primary lithologic descriptions (Table 2).
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Table 2
Relative Densities Based on Blow Counts

Cohesive Soils (Silts and Clays) Noncohesive Soils (Sands and Gravels)
No. of Blows Relative Density No. of Blows Relative Density
0-4 Soft (sft) 0-4 Very Loose (v.Isc)
5-8 Firm (frm) 5-10 Loose (Isc)
9-15 Stiff (stiff) 11-30 Medium Dense (m.dnse)
16-30 Very Stiff (v.stiff) 31-50 Dense (dnse)
31-50 Hard (hrd) Over 50 Very Dense (v.dnse)
Over 50 Very Hard (v.hard)

Consistency
For intact fine-grained soil only, consistency can be described using the terminology
in Table 3. The thumb and thumbnail are used to conduct this test.

Table 3
Consistency Test by Hand

For Cohesive Sails (Silts & Clays)
Description Criteria
Very Soft Thumb will penetrate soil more than 1 in. (25 mm)
Soft Thumb will penetrate soil about 1 in. (25 mm)
Firm Thumb will indent soil about ¥4 in. (6 mm)
Hard Thumb will not indent soil but readily indented with thumbnail
Very Hard Thumbnail will not indent soil
e Color

Color descriptions shall be made using Munsell soil color charts. The description
shall include the color designation and the verbal description (for example, 10 YR.
5/6 yellowish brown). While color is not an important physical property in itself, it is
often an indicator of more important properties. For example, dark green and brown
are often an indication of organic matter. When the color of the sediment is uniform,
record this with the singular term from the Munsell Color Chart. If two major and
distinct colors are mottled through the sediments, the color description can be
modified by the term mottled with the two Munsell color descriptions (for example,
brown and bluish gray) with the color designation following both verbal descriptions
(for example, mottled brown [10 YR 4/3] and yellowish brown [10 YR 5/6]).

Particle Shape

Particle shape descriptions (for coarse sand and larger, such as gravel) can be
made based on the figure included in this procedure as Attachment 3, which was
taken from Compton’s Manual of Field Geology. An example is “rounded coarse
gravel.”
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e Odor

Describe any unusual odors. Soils containing a significant amount of organic
material usually have a distinctive odor of decaying vegetation. Other unusual odors
may be because of contamination or other sources.

e Moisture Content
Moisture condition in soil should be described using terminology in Table 4.

Table 4
Criteria for Describing Moisture Condition
Description Criteria
Dry Little or no perceptible moisture
Moist Soil has perceptible damp condition in which soils

exhibit some signs of cohesion among particles
Wet or Saturated | Pores and voids filled with water

Relevant Observations

Record any other relevant observations, such as signs of contamination, cementation of
particles, mineralogy, bedding, contacts between strata, and unconformities. These may be
noted in the description column of the lithologic log.

5.5.4 Rock Lithologic Descriptions

Lithologic descriptions for competent rock should not follow USCS conventions, but should
instead be focused on descriptions pertinent to rock classifications that are possible to perform
in the field without a microscope or other laboratory equipment. Ideally lithologic rock
descriptions provided in the boring log will be sufficient to characterize the lithology according to
mapped formations. When rock coring is performed, more detailed rock descriptions can be
presented. At a minimum the rock type, weathering and source of material for descriptions
should be noted. The source of material can be core, or cuttings in fluid or chips. Lack of
recover should be noted when logging rock from cuttings.

Classification of Rocks
Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. If the
specific rock type cannot be determined in the field, chip or core samples may be collected for
further determination, and the major division should be noted in the log. Sedimentary rocks are
the most common type or rock near the surface. The following basic names are applied to the
type of rocks found in sedimentary sequences:
» Sandstone — Made up predominantly of granular materials ranging between 1/16 and
2 inches diameter. Sand mineralogy and grain size may be noted in log.
Siltstone — Made up of granular materials less than 1/16-inch diameter. Fractures
irregularly.
» Claystone — Very fine-grained rock made up of clay and silt-size materials. Fractures
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.
» Shale — A fissile, very fine-grained rock. Fractures along bedding planes.
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* Limestone — Rock made up predominantly of calcite. Effervesces upon the
application of hydrochloric acid. Shells and fossils should be noted where evident.
» Coal — Rock consisting mainly of organic remains.
e Others — Numerous other rock types are present. When the specific type of rock
cannot be determined, a thorough description should be presented.
Igneous and metamorphic rocks are most often encountered at depth and near uplifts. A great
many varieties of igneous and metamorphic rock exist, however many of these cannot easily be
identified in the field. The following are some of the most common igneous and metamorphic
rocks that are encountered over mappable distances:
» Granite — A felsic intrusive igneous rock. This is the most common igneous rock
encountered on the continental cores, and can be identified by a large quartz and
feldspar composition.
» Diorite — An intermediate intrusive igneous rock. These rocks are often less dense
than granites and have more mafic (dark) minerals.
» Ash/Tuff — Volcanic ash and tuff are extrusive rock that is most easily identified by a
large degree of void space. These rocks are often soft and are readily weathered.
* Rhyolite — A felsic extrusive igneous rock. These fine-grained rocks may not be easily
identified in the field, due to the difficulty in identification of finely crystallized minerals.
They may be distinguished by light color and high density.
» Basalt — A mafic extrusive igneous rock. These fine-grained volcanic may be identified
by dark color, surface textures and volcanic gas voids.
» Slate — A low grade, fissile, fine-grained, metamorphic rock. This rock can be
identified by its platy nature, and is derived from fine sedimentary rock.
» Gniess — A medium grade, foliated, recrystallized metamorphic rock. The foliation and
presence of larger garnet or mica minerals distinguishes this rock.
» Schist — A high grade, recrystallized metamorphic rock. There are various types of
schist derived from various source rock. All schists are highly reworked and
recrystallized.
» Others — Numerous other rock types are present. When the specific type of rock
cannot be determined, a thorough description should be presented.

When describing rocks the following characteristics may be noted:
* Rock Type
» Color
» Bedding Thickness
» Crystal size
» Texture
* Hardness
» Fracturing
* Weathering
* Mineralogy (if discernible)
» Other Characteristics including fossils, organic matter and dip of bedding or fractures.

Rock Type

As described previously, there are numerous names for sedimentary rocks. In most cases a
rock will be combination of several rock types, therefore a modifier such as sandy siltstone or a
silty sandstone can be used. The madifier indicates that a significant portion of the rock type is
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composed of the modifier. Other modifiers can include carbonaceous, calcareous, siliceous,
etc.

Grain diameters are used for the classification of classic sedimentary rock. The following is the
Udden-Wentworth classification that will be assigned to sedimentary rocks. The individual
boundaries are slightly different than the USCS subdivision for soil classification. For field
determination of grain sizes, a scale can be used for the coarse grained rocks.

Particle Name Grain Size Diameter

e Cobbles > 64 mm
Pebbles 4 - 64 mm
Granules 2-4mm

Very Coarse Sand 1-2mm

Coarse Sand 0.5-1mm

Medium Sand 0.25 - 0.5 mm

Fine Sand 0.125 - 02.5 mm

Very Fine Sand 0.0625 - 0.125 mm
o Silt 0.0039 - 0.0625 mm

e Clay <0.0625 mm

Color

The color of a rock can be determined in the same manner as for soil samples. Rock core
samples should be classified while wet, when possible, and air-cored samples should be
scraped clean of cuttings prior to color classifications. Rock color charts may be used, and are
distinct from soil color charts.

Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical
composition of the rock. Hardness can determined with a bladed tool (knife, screwdriver,
scissors) and a hammer from intact core, and can also be estimated by drill speed and chatter.

» Soft — Weathered rock and loosely consolidated rocks (such as some volcanic ash,
poorly cemented sandstones and siltstones, and poorly compacted claystones) can be
soft. Drill speeds should be only slightly slower than in dense soils. Soft rock can be
easily gouged by a blade or scratched by fingernail. Soft rock crushes or deforms when
hammered.

* Medium soft — Slight erosion of core, slightly gouged by a blade, or breaks with crumbly
edges from single hammer blow.

e Medium hard — Often applied to some non-weathered sedimentary or metamorphic rock,
or some lightly weathered igneous rock. Medium hard rock can be easily scratched by a
blade or breaks with sharp edges from single hammer blow.

* Hard — Often applied to some non-weathered metamorphic and igneous rock. Hard rock
cannot be easily scratched by a blade and breaks with difficulty upon hammering.

Weathering
The following terms can be applied to distinguish the degree of weathering:
» Fresh — Little or no staining, with bright and clear mineral coloring.
» Slight — Rock has some discoloration, particularly along joints, cracks or exposed
surfaces. Chemical alteration of feldspar and mafic minerals on weathered surfaces
may be notes.

10
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* Moderate — Significant staining and chemical alteration evident. Rock is weakened due
to weathering and can be easily broken with hammer.

 Severe — Weathering has penetrated through rock and significant fracturing and
dissolution may be notes. The rock may be soft and friable.

5.5.5 Presentation Order

Once the information described in Section 5.0 has been gathered for the sample, the sample
description should be recorded on the lithologic field log. In order to maintain consistency, it is
recommended that the lithologic description be presented in the following order:

*  MAJOR LITHOLOGY: Munsell Color classification, grain shape (in the case of
gravel) and size, secondary components (including their percentage, grain shape [in
the case of gravel] and size), relative density, moisture content, sedimentary
structures and bedding, and other descriptive modifiers, as necessary

EXAMPLE: A sample is visually examined in the field and is found to be comprised of
approximately 55 percent medium-grained sand and 40 percent silt. The structure of the
sample is massive and the color is yellowish brown. The sample is damp to moist, and the
standard penetration test produced a penetration resistance (N) of 16. The description would
be as follows: SILTY SAND: 10 YR 5/6 Yellowish Brown, medium-grained, trace clay, firm,
moist to damp.

5.6 Quality Assurance/Quality Control Procedures and Samples

Quality Assurance/Quality Control (QA/QC) samples shall be collected during soil sampling,
according to the site-specific QAPP. QA/QC samples shall be assigned unique sample
identification and submitted to the laboratory with the other field samples.

5.7.1 Equipment Blanks

Equipment blanks shall be collected at a frequency specified in the site-specific UFP-QAPP.
An equipment blank sample is collected in the field by running American Society for Testing
Materials (ASTM) Typell Reagent-Grade water (or deinoized water with less than
15 microSiemens conductivity) across the surface of re-usable, decontaminated sampling
equipment (typically the split-spoon or drive shoe of the macrocore sampler) and into
appropriate sample containers.

5.7.2 Field Duplicate Samples
Field duplicates will be collected at a frequency specified in the site-specific UFP-QAPP. Field
duplicate samples will be collected simultaneously or in immediate succession to the normal

samples using identical sampling techniques.

5.7.3 Trip Blanks

11
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Trip blank samples shall accompany all normal volatile samples that are not preserved with
alcohol or packaged in dry ice. Trip blank samples will be provided by the laboratory and shall
consist of preserved ASTM Type Il laboratory grade deionized water that will be analyzed for
the volatile method equivalent to the normal sample analysis method for VOC, volatile
petroleum organics or total petroleum hydrocarbons.

5.7.4 Matrix Spikes and Matrix Spike Duplicates

Matrix spike/matrix spike duplicate (MS/MSD) samples will be collected at a frequency specified
in the site-specific UFP-QAPP. MS/MSD samples will be collected simultaneously or in
immediate succession to the normal samples using identical sampling techniques.

5.7.5 Sample ldentification, Handling, and Documentation

Samples shall be identified, handled, and recorded as described in this technical procedure and
according to standard sample handling protocols indicated in SOP-29.

6.0 RECORDS

All records shall be documented in a bound field logbook according to SOP-01 or a soil boring
log provided in SOP-05.

7.0 REFERENCES

American Geological Society. American Geological Society Data Sheets for Geology in the
Field, Laboratory, and Office, 4th ed.. 2007.

American Geological Society. Dictionary of Geologic Terms. Anchor Press. Garden City, NY.
1960.

American Society for Testing and Materials. D2487-00 Standard Classification of Soils for
Engineering Purposes. Vol. 04.08. 2000.

American Society for Testing and Materials. D2488-00 Standard Practices for Description and
Identification of Soils (Visual - Manual Procedure). Vol. 04.08, p. 337-346. 2000.

Barth, D.S. and B.J. Mason. 1984. Soil Sampling Quality Assurance User's Guide.
EPA-600/4-84-043.

Compton, R.R. Manual of Field Geology. John Wiley & Sons Inc. New York, NY. 1962.

Environmental Protection Agency. 1984. Characterization of Hazardous Waste
Sites - A Methods Manual, Available Sampling Methods.  Volume 1l, 2nd ed.
EPA-600/4-84-076.

Folk, R.L. Petrology of Sedimentary Rocks. Hemphills, 170. Austin, TX. 1968.
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Mason, B.J. 1983. Preparation of Soil Sampling Protocol: Techniques and Strategies.
EPA-600/4-83-020.
Occupational Safety & Health Administration. Soil Classification — 1926, Subpart P, App A.

Powers, M.C. A New Roundness Scale for Sedimentary Particles. Journal of Sedimentary
Petrology. Vol. 23, p. 117-119. 1953.

Soil Test Inc. Munsell Color Chart. Evanston, IL. 1975.
Terry, R.D., and Chillingar, G.V. Journal of Sedimentary Petrography. Vol. 25, p. 228-234.
1955.
8.0 DEFINITIONS
1. Composite soil sample: a combination of soil aliquots collected at various locations,
or at various depths at a single location. Analysis of composite samples yields a

value representing an average over the various sampled sites or depths from which
individual samples were collected.

2. Discrete soil sample: a discrete aliquot from a distinct sampling interval (of a specific
sample size) that is representative of one specific location at a specific point in time.

3. Surface soil: generally considered to be the top 6 inches of a soil horizon profile (that
is, soil from 0to 6inches below ground surface [bgs]), soil down to depths of
2 feet bgs may be considered surface soil. For the purposes of this procedure,
surface soil represents the soil in the 0- to 6-inch depth interval bgs.

4. Subsurface soil: the soils, silts, sands, and clays below surface soil.

9.0 ATTACHMENTS

None.
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SAMPLE HANDLING AND CUSTODY
1.0 PURPOSE

The purpose of this technical procedure is to delineate protocols for sample handling and
custody.

2.0 SCOPE

This procedure applies to all CH2M HILL personnel and subcontractors engaged in collecting
environmental samples for CH2MHILL projects.

3.0 GENERAL

An essential part of the sampling activities of any environmental project is assuring the integrity
of the sample from collection through data reporting. Sample labels and CoC forms are used to
document identification and handling of samples from the time of collection through the
completion of chemical analysis. Accountability of the history of a sample must be available to
demonstrate that the data are a true representation of the environment. In some projects,
analytical data may be used in litigation. The CoC record is used as evidence in legal
proceedings to demonstrate that a sample was not tampered with or altered in any way that
may bias the analytical accuracy of the laboratory results. It is extremely important that chain-
of-custody records be complete, accurate, and consistent.

4.0 RESPONSIBILITIES
4.1 Project Manager

The Project Manager (PM) shall ensure that staff conducting these procedures are properly
trained. In addition the PM shall be consulted if any complications arise with following these
critical sample handling and custody procedures.

4.2 Field Team Leader

The Field Team Leader (FTL) shall be aware of these sampling handling procedures and
schedule accordingly, taking into account that packing hazardous samples requires more
materials (for example, properly labeled paint cans and manifests) and more time than packing
non-hazardous samples. The FTL shall take responsibility for or delegate the packing of the
sample shipping coolers, ensure that the CoC forms are correct, and ship the samples
according to the analytical laboratory requirements and according to DoT regulations. The FTL
shall determine or seek guidance as to which samples are potentially hazardous and ship them
accordingly.
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4.3 Sample Collector

The Sample Collector shall ensure that the samples are correctly collected, labeled, tracked by
CoC, and stored until they are delivered directly to the FTL for shipping or the on-site laboratory.
The Sample Collector shall maintain custody of the samples until they are relinquished to the
FTL or on-site laboratory. The Sample Collector shall be responsible for informing the FTL of
sampling conditions and if any of the samples are potentially hazardous. (Note: The FTL,
Sample Collector, and Sample Shipper may be the same person.)

4.4 Field Data Coordinator

The Field Data Coordinator shall assure that the systems are maintained to create CoC forms
from the sample-tracking database. In addition, the Field Data Coordinator is responsible for
production of CoC forms and sample labels for the field crews.

4.5 Sample Custodian

The Sample Custodian is any individual who is responsible for the custody of samples and
completion of associated documentation.

5.0 PROCEDURE
5.1 Sample Custody

Sample custody procedures are designed to ensure that sample integrity is maintained from
collection to final disposition. A critical aspect of sound sample collection and analysis protocols
is the maintenance of strict CoC procedures, as described in this technical procedure.
CoC procedures include tracking and documentation during sample collection, shipment, and
laboratory processing. A sample is considered to be in an individual's custody if it is (1) in the
physical possession of the responsible party, (2) in view of the responsible party after being in
their possession, (3) secured to prevent tampering, or (4) placed in a designated, secure area
that is controlled and restricted by the responsible party.

Custody will be documented throughout all sampling activities on the CoC record for each day
of sampling. This record will accompany the samples from the site to the laboratory. All
personnel with sample custody are required to sign, date, and note on the record the time when
receiving and relinquishing samples from their immediate custody. Any discrepancies will be
noted at this time. Samples will be shipped to subcontractor laboratories via overnight air
courier. Bills of lading will be used as custody documentation during this time and will be
retained as part of the permanent sample custody documentation. In some cases, samples
may be hand delivered to the laboratory; hand delivery will be noted on the CoC form. The
subcontractor laboratory is responsible for sample custody once samples are received.
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5.2 Sample Labels

A label will be attached to all sample containers at the time of sample collection. The label will
typically be generated along with the CoC form using a sample-tracking database, or similar
appropriate method, depending on the sample container. For certain types of samples
(for example, Summa™ soil gas canisters), blank labels are provided by the laboratory when
the lab provides sample containers. Labels generated by the sample-tracking database will be
preprinted with the following information:

Unique CoC control number
Sample ID

Analyses requested
Preservative used

The same information listed above will be handwritten on labels not preprinted by the sample
tracking database, if necessary.

When the sample collection is complete, the Sample Collector fills in the following information in
indelible ink:

e Date and time of sample collection
o Sampler’s initials

Once complete, the label will be covered with clear tape, unless using waterproof labels, and
prepared for shipment following all applicable DoT label requirements. Samples collected in
40 ml volatile organic analysis (VOA) glass containers (for example, for Methods 8260/8015-g)
will not be taped to avoid possible cross contamination from volatile organic compounds (VOCs)
in the tape. Labeling for other types of containers (such as soil gas and air samples) will follow
laboratory specified procedures identified by the sample coordinator or FTL.

5.3 Chain-of-Custody Record

CoC forms are a legal document of the disposition of samples. To maintain a record of sample
collection, transfer of samples between personnel, shipment of samples, and receipt of samples
at the laboratory, CoC forms will be filled out for each sample/analysis at each sampling
location.

The Field Data Coordinator generates the CoC form. Information entered by the Field Data
Coordinator includes:

Project name and project number or task order

Name and address of laboratory to receive the samples
CoC control number

Sample type, sample method

Location ID, sample ID

Matrix code
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e Analyses requested

Field quality control (QC) for matrix spike and matrix spike duplicate (MS/MSD)
samples, if applicable

Container type, size and number

Preservatives used

Turn-around-time for laboratory analysis

Comments to Laboratory or Sample Collector, if applicable

The Sample Collector will enter the following information using indelible black or blue ink:
e Sampler’s initials

Date of collection

Time of collection (24-hour format)

Depths, if applicable

Void reason, if applicable

The Sample Collector shall verify that the CoC record is complete, accurate in all aspects, and
consistent with all other sample documentation (for example, number of samples, sample
labels, field logs). The Sample Collector will sign the "Sampled By” and “Relinquished By" fields
on the CoC record, marking the date and time custody is transferred to the Sample Shipper or
other authorized person.

The Sample Shipper will perform the following duties:

Obtain the signature of the Sample Collector to transfer sample custody
Record the carrier service and airbill number on the CoC

Sign and enter the date and time relinquished to the shipper

Prepare the samples for shipment from the field to the laboratory

The Sample Shipper or sample custodian will sign the "Received By" box, marking the date and
time of receipt of the samples from the Sample Collector or other sample custodian. Every
transfer of physical custody shall be documented on the CoC record.

Any corrections to the CoC form entries will be made by a single-line strike mark through the
incorrect item, and then entering the correct entry adjacent to the strikeout item. Corrections will
be initialed and dated by the person making the change. After the form has been inspected and
determined to be satisfactorily complete, the sample shipper will sign, date, and note the time of
transferal and will reference a shipper tracking number on the form. The CoC form will be
placed in a recloseable plastic bag and placed inside the cooler after the sample packer has
detached or made an appropriate copy of the form. Field copies of the completed CoC forms
are maintained in project files by the data services group.

5.4 Overnight Sample Storage
In some cases, samples that cannot be shipped immediately to a laboratory must be temporarily

stored in a secured CH2M HILL facility until arrangements can be made for delivery. The
samples must be placed in a secured area with sufficient ice in order to maintain 2° to 6° C



‘ CHZ2MHILL
- Issue Date: August 2013

Procedure Number: SOP-29 Revision Number: 1
Issuing Department: CH2M HILL Page 5 of 6

storage temperatures. A temperature blank and CoC must accompany samples stored
overnight.

Samples temporarily stored overnight must be received by the custodian that placed them in
storage, and in turn, may be “relinquished to” the appropriate laboratory, the Sample Shipper, or
another sample custodian. Each transfer of custody shall be recorded on the appropriate
CoC form(s).

6.0 RECORDS
Distribution of the CoC record:

o Original - sealed in plastic bag and taped inside the top of the shipping container
e Copies to Project Chemist and PM or Task Manager

7.0 REFERENCES

U.S. Environmental Protection Agency (EPA), Office of Emergency and Remedial Response.
EPA/540/R-96/0. Dec 96 - Sampler's Guide to the Contract Laboratory Program.

EPA. Office of Emergency and Remedial Response. EPA/540/R-941/013. Feb 94 - User's
Guide to the Contract Laboratory Program.

American Society for Testing and Materials. 1996. Standard Guide for Sampling Chain-of-
Custody Procedures. D 4840-95.

8.0 DEFINITIONS

1. Custody: physical possession or control. A sample is under custody if it is in
possession or under control so as to prevent tampering or alteration of its
characteristics.

2. Sample Label: a record attached to samples to ensure legal documentation of
traceability.

3. Chain-of-Custody Record: legal documentation of custody of sample materials and
instructions for analytical laboratory.

9.0 ATTACHMENTS

Chain of Custody Modification Form



' CHZMHILL
- Issue Date: March 2005

Procedure Number: TECH-026 Revision Number: 2
Issuing Department: CH2M HILL QA Page 6 of 6

Chain of Custody (CoC) Modification Form

List Today’s Date:

List CoC number:

List the collection date for samples on CoC:
Identify item on CoC to be modified:

List the replacement item that will appear on the new CoC:

I

Has the CoC already been submitted to the laboratory? If yes, go to Procedure A. If no, go to Procedure B.

Procedure A

[0 Make modification in Sample Tracking and Scheduling Program (STSP).

[ Print new copy of CoC.

[0 Circle new item on CoC.

[0 At the top of the new CoC document your initials, today’s date, and write “Modified CoC” at the top.
0

Fax new CoC to laboratory project manager with cover letter instructing the laboratory to attach the
modified CoC to the existing CoC (which they already have), and make appropriate changes to any
analyses that have been scheduled or already performed. Indicate that the CoC modifications should be
reflected in the hardcopy and edata submittals.

[0 Fax CoC Modification Form and new CoC to CH2M HILL Redding, California office with instructions for
Redding to file with the applicable hardcopy data package.

[0 Attach a copy of the new CoC and the CoC Modification Form to the modified CoC in the CoC files kept at
CH2M HILL field services trailer on site.

Procedure B
[1  Make modification in STSP.
[1  Print new copy of CoC.

[0 Locate CoC to be modified. Transcribe any sampling notes on existing CoC to new CoC, and locate
appropriate people to re-sign new CoC if necessary.

[1  Discard existing CoC and ship new CoC with samples.



0 CH2MHILL

- Issue Date: November 2011
Procedure Number: SOP-23 Revision Number: 0
Issuing Department: CH2M HILL Page 1 of 5

GLOBAL POSITIONING SATELLITE SYSTEM (GPS) SURVEYING
1.0 PURPOSE

The purpose of this standard operating procedure (SOP) is to identify requirements for
conducting land mapping activities using resource-grade Global Positioning Satellite (GPS)
system instruments.

2.0 SCOPE

This SOP applies to all CH2M HILL personnel and subcontractors who engage in mapping
activities using resource-grade GPS.

3.0 GENERAL

This standard operating procedure (SOP) outlines the standard operating procedures for the
use of surveys that may utilize resource-grade GPS system instruments. These instruments will
be used to collect positional (horizontal) data, which can be in the form of individual point
features, the description of linear items, and the delineation of areas of interest. All items must
be accompanied by a feature identification note, and, if necessary a detailed list of attributes of
the feature.

4.0 RESPONSIBILITIES
41 Field Team Leader

Each Field Team Leader (FTL) is responsible for ensuring overall compliance with this technical
procedure. The FTL will receive training by someone who has completed GPS training before
collecting field data.

5.0 PRE-DATA COLLECTION PROCEDURE
5.1 GPS Management

Projects that intend to utilize GPS for field data collection, field verification, or general navigation
should determine the minimum accuracy requirements, appropriate mobile device, system
configuration, and postprocessing requirements. This will ensure that field teams can collect
data, verify their accuracy, and use the data for project activities while minimizing costs.

For mapping or Geographical Information System (GIS), resource-grade GPS receivers (with
differential corrections applied either in real-time or in post-processing) must be rated at “sub-
meter” (approximately 1 meter or better) horizontal accuracy.

Most GPS software requires data to be in a specific format with limited import and export
compatibility. This SOP will focus on TerraSync™ compatibility and resource-grade GPS
receivers.
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5.2 Device Setup

Wherever possible, the GPS receivers will be used with a radio receiver linked to the GPS unit
to receive GPS differential corrections. This enables the GPS system to generate corrected
positions in real-time, allowing for positional checks during operation and accurate navigation to
pre-determined or pre-recorded positions. If the navigation beacon is not used, then base
station data for post-processing must be obtained from a reliable source. This can be from a
project base station set up locally for the purpose, or a community base station, public or
private, from which the appropriate data can be obtained. Data should be collected into the
coordinate system specified in contract terms.

53 Data Collection

Quality assurance and quality control (QA/QC) procedures should include checks to known
points during data collection. To the extent practicable, known point positions such as existing
benchmarks or monitoring wells that have known coordinates should be recorded to help verify
positional accuracy. Side trips to known points may be made to include selected known points
in project records.

Coordinate data should be collected according to the procedures outlined below:

1. Data collection, whether differential corrections are applied in real-time or by post-
processing methods, will require four or more satellite signals. Data collection is
initiated in any of three modes: (1) point feature, (2) line feature, and (3) area feature.

e A point feature is collected by occupying the item statically, generally for at least
30 seconds. The description and its attributes can be entered during the data
collection time.

o Aline feature is collected by initiating the line feature mode, then traveling along
the feature (for example, walk, drive, boat) while the instrument is collecting
positions on a predetermined interval.

e An area feature is collected in the same manner as a line feature, except that the
software assumes a closed figure from the beginning position to the end position,
allowing an area to be computed as well as describing the perimeter shape.

2. To collect a point feature, allow the device to record a minimum of 30 positions. The
GPS software will average the distribution of the individual positions and generate
and single point feature. Line and area features are collected in the same manner,
except once position logging is started the GPS device needs to be moved (Ex.
walking) along the feature that is being mapped.

3. When data collection is completed, close the main data collection window and verify
that the data is stored.
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5.3.1 File Transfer

After the fieldwork is complete, data from the data collector are downloaded to a computer,
using Trimble® GPS Pathfinder® Office software. To transfer a data file from the data collector
to a computer using Trimble Pathfinder Office, the synchronization program Microsoft
ActiveSync® is required to be installed on the computer that data are to be transferred to. The
current version (as of October 2008) is version 4.5 and is free to download from Microsoft at:

http://www.microsoft.com/windowsmobile/en-
us/downloads/eulas/eula activesync45 1033.mspx?ProductiD=76

The Data Transfer Utility program is also required to be installed on the computer that data are
to be transferred to. The current version (as of October 2008) is version 1.45 and is free to
download from Trimble at:

http://www.trimble.com/datatransfer.shtml

To transfer a data file from the data collector, open Trimble Pathfinder Office software. Set up a
new project using the name of the project site and assign a project folder. This will
automatically create a backup folder, base folder, and export folder within the folder you
assigned. The download process automatically creates a copy of data collected that day and
stores it in the “backup” folder. This will insure we have an unadulterated copy of the original
data. All export shapefiles will be output to the “export” folder for viewing and use.

Connect the data collector to the computer using the USB connection. In Trimble Pathfinder
Office, select the Utilities function. Then select the “Data Transfer...” option. Select
GIS Datalogger on Windows CE from the Device drop-down menu to specify the type of
mobile device. Select the Receive tab. Select the Data File option from the drop-down menu in
the Add button. In the display window within the Receive tab, highlight the file(s) you want to
transfer and click the Transfer All button. This will transfer the selected files to the folder
destination that was previously determined during the setting up of the new project.

When data files are transferred from the mobile device to the computer, there are several files
created for each data file. The only file that is really important is the *.ssf (Trimble standard
storage format) file. This is the file that should be transferred to the home office. The rest of the
files, which have various file extensions, are intermediate files used to create the *.ssf file.

5.3.2 Post Processing

Data downloaded from the data collector will be in an *.ssf file format (rover file). This
information must be corrected using satellite data from a nearby base station within 90 days of
the date the GPS points were collected. (This is critical because base stations do not retain
satellite data for longer than 90 days and an *.ssf file cannot be properly corrected without it.)

5.3.3 Data Quality Check and Outlier Position Removal

Before performing the differential correction, the rover file(s) should be checked for data quality
and outlier positions should be removed. To perform this, open the rover file within Trimble
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Pathfinder Office software. At the top of the screen, ensure that the “Feature Properties...” and
“Position Properties...” options are selected. Manually select each data feature collected and
check their data properties within the Feature Properties and Position Properties windows. For
any feature that has a standard deviation (Std Deviation) greater than 1 meter, click the Delete
button within the Feature Properties window. This will not permanently delete the feature, but
will show the individual positions recorded to make up that feature. A standard deviation greater
than 1 meter is indicative of either a bad PDOP, bad data collection technique (such as not
averaging enough positions [ideally 15 or more]), walking away without saving that particular
point, or a multipath event, which occurs when a signal bounces off a fence, building, or tree
before reaching the antenna. Manually select and delete outlier positions using the Erase tool
to improve the standard deviation. Do the same thing with the “Horizontal Accuracy” column
and look for numbers greater than one. Once outlier positions have been removed, the rover
file is ready for differential correction.

5.3.4 Differential Correction

In order to achieve the best accuracy, a differential correction must be performed using data
that a base station records at the same time as the GPS field data are collected.

To perform the differential correction using Trimble Pathfinder Office software, select the Utilities
function. Then select the “Differential Correction...” option. In the Differential Correction
Wizard, select the rover file(s) to be differentially corrected. Select Next. For processing Type,
select Automatic H-Star Carrier and Code Processing only. Select Next until you are asked to
select a Base Provider Group.

IMPORTANT: Different base stations provide different solutions, some better than
others. The Integrity Index is useful to help prevent selecting base data that may
provide a bad differential correction result. The quality indicator has a range of 0 to 100,
where 0 represents low quality base data and 100 represents high quality base data.
When you are selecting a base provider you are able to sort by their quality indicator.
Select the nearest base station that has a good integrity index to perform the differential
correction.

For differential correction of data collected on Oahu, Hawaii, the preferred base station
to use is the CORS, Honolulu Tide Gage, HI base station. If the differential correction
cannot be performed using the CORS, Honolulu Tide Gage, HI base station, alternative
base stations are the CORS, Haleakala, HI base station located on Maui, Hawaii, or the
CORS, Kokee Park Geophysical Observatory, HI base station located on Kauai, Hawaii.

Once the base station has been selected, click Next. Select the desired output folder and
filename. Click Start to begin the automated differential correction. When the differential
correction is complete, the software will export a *.cor (corrected file) file into the export folder
within your assigned project folder.

6.0 RECORDS

Documentation of GPS field data collection activities shall follow guidelines contained in this
technical procedure and noted in the field logbook (SOP-01).
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Electronic data files generated during the transfer of GPS data from the GPS hand-held receiver
device, as well as files generated during post-processing, will be kept on file electronically in the
project folder on the CH2M HILL server.

7.0 REFERENCES

A manual for operating TerraSync™ software on GPS receivers is available at:

http://www.trimble.com/terrasync _ts.asp?Nav=Collection-4573

8.0 DEFINITIONS

CORS: Continuously Operating Reference Station
DMA: Defense Mapping Agency
NMEA: National Marine Electronics Association

PDOP: Position dilution of precision

o > w0 NP

Resource-grade GPS: one of three levels of GPS receivers generally capable of
attaining sub-meter accuracy

SNR: signal to noise ratio
SBAS: Satellite Based Augmentation System

USB: Universal serial bus

© © N ©

USNG: United States National grid
10. UTM: Universal Transverse Mercator
11. WGS: World Geodetic System

9.0 ATTACHMENTS

None.


http://www.trimble.com/terrasync_ts.asp?Nav=Collection-4573
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Emergency Contacts

24-hour CH2M HILL Injury Reporting — 1-866-893-2514
24-hour CH2M HILL Serious Incident Reporting Contact — 720-286-4911

Medical Emergency 911
Mountain View Regional Medical Center
4311 E. Lohman Avenue

Las Cruces, NM 88011

575-556-7600

CH2M HILL Medical Consultant
WorkCare

Dr. Peter Greaney, M.D.

300 S. Harbor Blvd, Suite 600
Anaheim, CA 92805
800-455-6155/866-893-2514
714-978-7488

Fire/Spill Emergency 911 CH2M HILL Director — Health, Safety, Security &
Facility Fire Response 911 Environment
Local Fire Department 911 Andy Strickland/DEN

(720) 480-0685 (cell) or (720) 286-2393 (office)
Security & Police 911 CH2M HILL Responsible Health and Safety Manager
Local Police 911 (RHSM)

Name: Jeffrey T. Hilgaertner
Phone: 714-552-1971

Utilities Emergency Phone Numbers

Water 911
Gas 911
Electric 911

CH2M HILL Human Resources Department
Phone: Employee Connect toll-free number
1-877-586-4411 (U.S. and Canada)

CH2M HILL Project Manager
Name: Jennifer Laggan
Phone: (303-249-4273

CH2M HILL Workers Compensation
Contact business group HR dept. to have form completed
or contact Jennifer Rindahl after hours at 720-891-5382

CH2M HILL Safety Coordinator (SC)
Name: Jim Crew
Phone: (205-531-6916

Media Inquiries Corporate Strategic Communications
Name: John Corsi
Phone: (720-286-2087

CH2M HILL Project Environmental Manager
Name: Carla Rellergert
Phone: (425-647-6073720) 286-0513

Automobile Accidents

Rental: Jennifer Rindahl/DEN: 720-286-2449

CH2M HiLL-owned vehicle: Linda George/DEN: 720-286-
2057

Federal Express Dangerous Goods Shipping
Phone: 800-238-5355

CHEMTEL (hazardous material spills)
Phone: 800-255-3924

Facility alarms: None

Evacuation assembly area(s): main facility parking area

Facility/site evacuation route(s): to be determined
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EMERGENCY CONTACTS

Directions and Map to Local Hospital

Cibola General Hospital

1016 E Roosevelt Ave
Grants,NM87020

(505) 287-4446

Depart Smith Lake Drive toward NM-371

Turn right onto NM-371

Keep straight onto NM-371/NM-61

Take ramp left for 1-40 East toward Albuquerque

At exit 81B, take ramp right toward Grants

Bear right onto NM-53

Turn right onto 1-40 E Blvd/NM-122 E/W Santa Fe Avenue
Turn left onto NM-547 N/N 1st St

Bear right onto NM-547/E Roosevelt Avenue

fmilh Laks
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Approval

This site-specific health and safety plan (HSP) is for CH2M HILL only. CH2M HILL claims no responsibility for
its use by others unless that use has been specified and defined in project or contract documents. The plan
is written for the specific project and site conditions and identified scope(s) of work and must be amended if
those conditions or scope(s) of work change.

By approving this HSP, the responsible health and safety manager (RHSM) certifies that the personal
protective equipment has been selected based on the project-specific hazard assessment.

ORIGINAL PLAN
Original plan written by: Jeffrey T. Hilgaertner Date: 20 August 2013

RHSM approval: Date: 20 August 2013

Project manager approval: ' Date: 26 August 2013

REVISIONS

Revisions made by:

Jeffrey T. Hilgaertner
John Hampshire
Kira Sykes Date: 26 September 2013

Description of revisions to plan: Added monitoring tasks and radiation safety plan

Revisions approved by: Date: 26 September 2013

Revisions made by:

Jeffrey T. Hilgaertner
Kira Sykes Date: 9 October 2013

Description of revisions to plan: Listed radiological contaminants of concern and added missing forms.

Revisions approved by: Date: 9 October 2013
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APPROVAL

Revisions made by:

Liz Dodge
Kira Sykes Date: 17 October 2013

Description of revisions to plan: Incorporated client comments.

Revisions approved by: ' Date: 17 October 2013
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1. Applicability

This HSP applies to:

e All CH2M HILL staff, including subcontractors and tiered subcontractors of CH2M HILL working on the
site

e All visitors to CH2M HILL construction sites in the custody of CH2M HILL (including visitors from the
client, the government, the public, and other staff of any CH2M HILL company)

Subcontractors and tiered subcontractors shall follow their company HSE programes, site-specific safety
plans, and AHAs, in addition to this HSP.

This HSP does not apply to the third-party contractors, their workers, their subcontractors, their visitors, or
any other persons not under the direct control or custody of CH2M HILL.

This HSP defines the procedures and requirements for the health and safety of CH2M HILL staff and visitors
when they are physically on the work site. The work site includes the project area (as defined by the
contract documents) and the project offices, trailers, and facilities thereon.

This HSP will be kept on site during field activities and will be reviewed as necessary. It will be revised as
project activities or conditions change or when supplemental information becomes available. The HSP
adopts, by reference, the CH2M hill Enterprise-wide core standards and standard operating procedures
(SOPs), as appropriate. In addition, applicable requirements contained in the Environmental Services
Business Group (ESBG) health, safety, security, and environment (HSSE) guidelines (Guidelines) will be
implemented. The Guidelines are available as a stand-alone handbook at the project site. The HSP may
adopt procedures from the project work plan and any governing regulations. If there is a contradiction
between this HSP and any governing regulation, the more stringent and protective requirement will apply.

All CH2M HILL staff and subcontractors must sign the employee sign-off form (at the end of this HSP) to
acknowledge their review of this document. Copies of the signature page will be maintained on site by the
safety coordinator (SC).
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1-1






2. General Project Information

2.1 Project Information and Background

Project number 461446 Project/site name Ruby Mines Site Investigation
Client Freeport McMoRan Site address Smith Lake, NM

CH2M HILL project manager Jennifer Laggan CH2M HILL office DEN

DATE HSP prepared 20 August 2013 Date(s) of site work Various

2.2 Site Background, Setting, and Map

The Ruby Mines consist of four claims (Ruby Mines Nos. 1, 2, 3, and 4) in McKinley County, New Mexico near
the Smith Lake Chapter of the Navajo Nation and approximately 8 miles north of the city of Thoreau in
western New Mexico (Figure 2-1). Ruby Mines Nos. 1 through 4 are within the boundary of the Navajo
Nation in Township 15 North, Range 13 West, Sections 21, 27, 25, and 26, respectively (MMD, 1995).

Reconnaissance of the Ruby Mines in October 2012, January 2013, March 2013, and August 2013 revealed
several open historical mine features throughout the areas. The features that were found were fenced, and
warning signs were posted. Fences are monitored bimonthly to evaluate their integrity, and the Freeport
McMoRan Hazardous Mine Openings Safety Program (HMOSP) is contacted to repair as necessary. Once the
cultural resources assessment is approved, HMOSP will permanently close the open mine features.

The site is in the southeastern part of the Colorado Plateau Physiographic Province. The area is
characterized by broken terrain, including steep mountains, plateaus, mesas, and incised valleys with dry
arroyos. The Ruby Mines are in areas of moderate relief; ground elevations are approximately 7,400 to 7,900
feet above mean sea level (amsl), and moderate slopes dip to the north-northeast, broken by incised
drainage features. Vegetation cover across the area includes ponderosa pine, juniper-pifion forest, sage
scrubland, dry prairie grass, and small areas of unvegetated sandy and rocky soils (USDA, 2005). Average
daily high temperatures in Thoreau are 63.5 degrees Fahrenheit (°F), and average daily low temperatures
are 30.7 °F (Fizber, 2013). Warmest temperatures occur in July (average 86.0 °F high), and coolest
temperatures occur in January (average 22.2 °F low; Fizber, 2013). Average annual precipitation is 14.4
inches; highest snowfalls are in February, and highest rainfalls are in August (Fizber, 2013). Relative humidity
is low for most of the year, but may be moderate during the summer monsoon season.

The primary Contaminant of Concern (COC) at the Ruby Mines is radium-226 (Ra-226) and its decay products
(daughters). Naturally occurring metals sometimes associated with geologic formations in this area include
arsenic, vanadium, molybdenum, selenium, uranium, and mercury. Typical radiation readings measured by
CH2M HILL at the Ruby Mines ranged between 0.04 milliRoentgen per hr (mR/hr) to 0.3 mR/hr in October
2012 and September 2013 using a GM pancake probe (Eberline E120 and Ludlum 2221). During this time
background readings outside mine boundaries ranged from 0.04 to 0.09 mR/hr. Most of the surface areas at
the mine were consistent with this background range. The Ruby 1 vent at 0.12 mR/hr and vent trash pit at
0.095 mR/hr and at the eroding toe of waste rock cap at Ruby Mine 3 were the only locations not within the
range of background.

2.3 Description of Tasks

The tasks covered by this plan are described in this section. Any additions or changes in scope will require a
revision to this HSP (see Section Change Management).
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2 GENERAL PROJECT INFORMATION

The scope of work covered by this HSP includes:

e QOversee a cultural resources subcontractor to perform a cultural resources survey of the areas to be
disturbed (Phase 1 and as needed if new areas identified).

e Collect surficial soil samples at the background areas and analyze them for radionuclides and select
metals (Phase 2).

e Oversee a radiological subcontractor to conduct radiological surveys (Phase 2).
e Observe, and report radiological readings in field log books (Phase 1 and 2).

e Visually inspect existing fencing around known adits and vents until the openings are permanently
closed by Freeport McMoRan (Phase 1).

2.4 Change Management

Changes to this HSP shall be documented and approved by the CH2M HILL responsible health and safety
manager (RHSM) for the project. The following are examples of changes that may require a revision to the
plan:

e Change in CH2M HILL staff

e New subcontractor

e New chemicals brought to site for use

e Change in scope or addition of new tasks

e Change in contaminants of concern (COCs) or in COC concentrations of COCs; and

o New hazards or hazards not previously identified are found that are not addressed in this HSP

2.5 Changes to Health and Safety Plans

Changes to the HSP shall be documented and accepted by using the health and safety field change request
(FCR) form (included in attachments to this HSP) or by resubmitting a revised HSP for acceptance. A revised
HSP should be produced when a large number of changes (e.g., 15 or more not including Activity Hazard
Analysis (AHAs) using FCR forms have been identified. The CH2M HILL project manager (PM) and RHSM shall
be responsible for review and acceptance of the FCR, and the RHSM will maintain an FCR log of approved
changes. FCRs are not required for safety-related changes that an SC or RHSM would normally make in the
field, such as personal protective equipment (PPE) upgrade or downgrade within pre-established action
levels, expansion or reduction of work control zones based on air monitoring results, or similar changes
made within the operating parameters of the HSP. The field copy of the HSP shall be kept up to date by
annotating the appropriate section (i.e., update to AHA) to indicate that a field change is in effect. Copies of
FCRs should be kept with the HSP. The FCR number must be referenced in the HSP, and the FCR form must
be available for review.

2.6 Daily Safety Meetings and Pre-Task Safety Plans

Safety meetings are to be held with all project personnel in attendance to review the hazards, controls, and
required procedures/AHAs that apply for each day’s activities:

e Everyone involved in the day’s work must sign in to show they have had a briefing or attended a
meeting

e Pre-task safety plans (PTSPs) serve the same purpose as general safety meetings, but the PTSPs are
completed by individual crews to focus on hazards posed by their specific work
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2 GENERAL PROJECT INFORMATION

e For smaller crews, or if there is just one activity, the PTSP is often used as a means to document the
overall safety meeting

A copy of the PTSP and daily safety meeting sign-in sheet is included as an attachment.
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2 GENERAL PROJECT INFORMATION

FIGURE 2-1
Ruby Mines and Surrounding Area
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3. Project Organization and Responsibilities

See Guidelines, Section 3, Roles and Responsibilities, for a full description of responsibilities, including
employee responsibilities and authority.”

3.1

Client

Contact name

Stuart Brown

Telephone number

602-448-0972

3.2 CH2M HILL

Project Manager

Environmental Manager

PM name

Jennifer Laggan

EM name

Carla Rellergert

Office

DEN

Office

DEN

Telephone nhumber

720-286-0513 x60513

Telephone nhumber

720-286-0707

Cell phone number

303-249-4273

Cell phone number

303- 330-6495

Responsible Health and Safety Manager

Site Safety Coordinator

RHSM name

Jeffrey T. Hilgaertner

SC Name

Jim Crew

Office

TUK

Office

ABQ

Telephone nhumber

520-333-2718

Telephone nhumber

505-796-9646 x35646

Cell phone number

714-552-1971

Cell phone number

205-531-6916

Mr. Jim Crew or another qualified CH2M HILL employee will be the Site Safety Coordinator (SSC) for
CH2M HILL and its Subcontractors and will be onsite during these field activities.

3.3 CH2M HILL Subcontractors

Subcontractor

Subcontractor

Contact name

Perma-Fix Eric Lanning (Perma-Fix)

Contact name

Dinetahdoo CRM — Rena Martin

Telephone nhumber

865.251.2075

Telephone number

505-960-9478

Cell phone number

865.230.3418

Cell phone number

Perma-Fix is the radiological subcontractor that will perform radiological monitoring and characterization
during these field activities. Perma-Fix will provide radiological readings to onsite personnel, Western
Nuclear, and FreePort McMoRan. Dinetahdoo CRM will perform cultural resource surveys.

3.4 Client Field Team Lead

Client Field Team Leader

Client Contractor

Contact name

Sarah Dahlin, Mine Engineer (HMOSP)

Client name

NA

Telephone number

520-498-6524

Telephone number

NA
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3 PROJECT ORGANIZATION AND RESPONSIBILITIES

Cell phone number 520-647-1595 ‘ | Cell phone number NA

Sarah Dahlin from HMOSP will be present during field activities representing the client.

This HSP does not cover employees that are contracted directly to the client or the owner. CH2M HILL is not
responsible for the health and safety or means and methods of the client’s work, and we must never assume
such responsibility through our actions (such as advising on health and safety issues). However, CH2M HILL
and its subcontractor Perma-Fix can include HMOSP in their daily safety meetings and will provide health
and safety information to them, such as, radiological measurements at the mines when they are present
onsite.
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4. Standards of Conduct

All individuals associated with this project must work injury-free and drug-free and must comply with the
standards of conduct stated in the Guidelines, (Section 4, “Standards of Conduct”), comply with all
requirements of this HSP, and Subcontractors must also comply with the safety requirements of the
Subcontractor HSP. Forms related to Subcontractor Safety (i.e., observation hazard form and stop work
order form) are attached to this HSP.
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5. Project Hazard Analysis

Table 5-1 summarizes a health and safety risk analysis for this project, listing specific project activities and
designating who performs the task, CH2M HILL (C) or subcontractor (S). An activity hazard analysis has been
developed for each project activity. AHAs prepared for CH2M HILL activities are included as an attachment

to this HSP.

CH2M HILL subcontractors are required to provide AHAs specific to their scope of work on the project for
acceptance before work begins. Each subcontractor shall submit AHAs for their field activities, as defined in
their scope of work, along with their project-specific safety plan and procedures. Hazards not addressed in
existing AHAs and additions or changes in field activities, equipment, tools, or material used to perform
work require either preparing a new AHA or revising an existing AHA.

TABLE 5-1
Health and Safety Risk Analysis
'g
Associated Hazard Section 2 E g E § §° E‘
General Hazards (refer to HSSE Guidelines, Section 7, General Hazards and Controls) in HSSE Guidelines, Section 7.
Bloodborne Pathogens 7.1 CS (& (& C
Chemical Storage 7.2
Driving Safety 7.3 CS cs cs C
Electrical Safety 7.4 CS cs cs C
Field Vehicles 7.5 CS Cs Cs C
Fire Prevention 7.7 (o) CS CS C
General Practices and Housekeeping 7.8 cs CS CS C
Hazard Communication 7.9 CS Cs CS C
Knife Use 7.10
Lighting 7.11 CS cs cs C
Manual Lifting 7.12 CS (& (& C
Personal Hygiene 7.13 CS CS CS C
Personal Security 7.14 CS CS CS C
Shipping and Transportation of
Hazardous Waste 7.15
Substance Abuse 7.16 cS cs cs C
Project-Specific Hazards (refer to HSSE Guidelines, Section 8, and the additional project-specific controls in this plan when specified)
Barbed Wire Fences CS CS CS C
Blasting/Explosives cs
Drum Sampling Safety 8.20 C
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5 PROJECT HAZARD ANALYSIS

TABLE 5-1
Health and Safety Risk Analysis
2
- [ = W
iated H d Section % £ 8 e = 52
A t o < =
ssociated Hazar i 23 H 5 3 29
Fall Protection 8,24 CS [ [ C
Firearms, Explosives and Weapons CS CS CS
Hand and Power Tools 8,28 S C C
Hunting Season Safety 10.11 CS CS CS C
Off-Road Driving Safety CS CS CS C
Portable Generators 8.41
Stairways and Ladders 8,50 CS CsS Cs C
Steep Slopes and Uneven Walking CS CS CS C
Surfaces 8.52
Traffic Control 8.54 CS CS CS C
Utilities (overhead) 8.54
Utilities (underground) 8.55 C
Working Alone 8.61 CS Ccs Ccs C
Physical Hazards (refer to HSSE Guidelines, Section 9, Physical Hazards, and the additional project-specific controls in this plan when
specified)
Ultraviolet Light Exposure (sunburn) 9.2 cS cs cs C
Naturally Occurring Radiological CS (&) (&) C
Material (NORM)
Radiological Hazards CS C
Temperature Extremes 9.3 CS cs (&) C

Biological Hazards (refer to HSSE Guidelines, Section

when specified)

10, Biological Hazards, and the additional proj

ect-specific controls in this plan

Cactus 10.4 (o) (&) (&) C
Cougars/Mountain Lions 10.5 CS CS CS C
Coyotes 10.6 CS (& (& C
Feral Dogs 10.7 CS CS CS C
Mosquito Bites 10.13 CS CS (&) C
Scorpions 10.15 CS (&) (&) C
Snakes 10.16 CS cs cs C
Spiders — Brown Recluse and Black (& cs cs C

Widow 10.17

C = hazard section applicable to CH2M HILL personnel
S = hazard section applicable to subcontractor personnel
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6. Hazards and Controls

Safe work practices and hazard control measures to reduce or eliminate potential hazards identified in Table
5-1 are stated in the Guidelines (Sections 7 through 10), the associated CH2M HILL SOP, and project AHAs.
Any additional project-specific control measures and hazards requiring additional emphasis are identified in
the following sections.

Always consult the appropriate CH2M HILL Enterprise SOP to see that requirements are implemented.
CH2M HILL employees and subcontractors must remain aware of hazards that may affect them, regardless
of who is responsible for controlling the hazards. CH2M HILL employees and subcontractors who do not
understand any of these provisions should contact the RHSM for clarification.

6.1 Additional Project-Specific Hazard Controls

Site-specific hazards for this work result from the remoteness of the site, the potential presence of low-level
radiation, and physical hazards.

Because the site is very remote, access to modern conveniences is limited. Toilet facilities are available only
at the Chapter House. AT&T and local carriers provide adequate service, but it is sometimes inconsistent,
and Verizon does not have cell service in the area. A project satellite phone will be available for emergency
use. External radiological dose to workers from naturally occurring radiological material (NORM) is the
primary radiological hazard; therefore, only properly trained and authorized personnel will be authorized to
work at the site.

External radiological dose to workers from naturally occurring radiological material (NORM) is the primary
radiological hazard; therefore, only properly trained and authorized personnel will be authorized to work at
the site. CH2M HILL and Perma-Fix will be monitoring radiation exposures during the entire field event and
communicating those readings during the daily safety meeting and throughout the day.

Best practices for reducing radiological exposure include:
e Avoid making and breathing dust.

e Avoid touching waste rock, ore, and potentially contaminated material. Assume all soil at the mine is
potentially contaminated since NORM is in all soil.

e Limit time adjacent to NORM; for instance, move away from a capped waste rock pile to fill out
paperwork or have discussions.

e Set up base camp in a low dose rate area.

e Spend as little time as possible in high dose rate areas (defined for this project as areas above 0.05
mR/hr). Perform only necessary activities in higher dose rate areas, and then go to lower dose rate
areas. For example, take pictures and observe geology if necessary in higher dose rate areas, but
prepare field notes and conduct team discussions in lower dose rate areas.

e Be cognizant of potential intake hazards and control potential contamination. For example, do not set
down equipment or supplies within the drainage channel or on a rock pile. While “areas” greater than
2 mR/hr are not expected at the mines, do not enter them if they are discovered. Do not touch uranium
ore.

e Before crossing over the boundaries of the former mine site after performing tasks that may result in
contamination, have the radiological subcontractor perform a frisking survey. If radiological
contamination is found, follow subcontractor procedures for radiological decontamination.
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6 HAZARDS AND CONTROLS

Refer to CH2M HILL’s documents Corporate Health and Safety Program; Program and Training Manual;
and Corporate Health and Safety Program, Radiation Protection Program Manual for standards of
practice in contaminated areas and as low as reasonably achievable (ALARA) practices. These materials
are on the Virtual Office (VO) under Operations/Health, Safety, & Environment/Manuals (under the
Policy, Procedures, Manuals tab).

Radiological monitoring for airborne radioactivity from dust generating activities that are being
conducted by others (HMOSP, not a CH2M HILL subcontractor) will be performed as described in the
Radiological Monitoring Instructions for Ruby Mine. This monitoring will include breathing zone
monitors on workers that have the potential to inhale dust and one downwind continuous air monitor.
The results from this monitoring will be made available to onsite personnel during the daily safety
meeting. These results can be compared to the background reading taken at the site at the start of
fieldwork to determine if activities need to be modified based on this information.

Best practices for avoiding physical hazards at this site include:

Traverse steep slopes diagonally rather than going straight up or down. Choose footing carefully and
avoid rocky areas if possible.

Be aware that there are shafts and vents in the area. If you come across an unmarked shaft or vent,
mark it and report the hazard immediately.

A client subcontractor, HMOSP, will be present during CH2M HILL fieldwork to repair safety hazards such
as open pits, holes, and trip/fall hazards. Communication during the daily safety meeting will be
conducted to reduce the risk of injury to all personnel.
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7. Decontamination

For further information on decontamination, reference CH2M HILL SOP HSE-218, Hazardous Waste
Operations.

It is not expected that field activities will require decontamination. Typical radiation readings measured by
CH2M HILL at the Ruby Mines ranged between 0.04 mR/hr to 0.3 mR/hr in October 2012 and September
2013 using a GM pancake probe (Eberline E120 and Ludlum 2221). During this time background readings
outside mine boundaries ranged from 0.04 mR/hr to 0.09 mR/hr. Most of the surface areas at the mine
were consistent with this background range. Personnel will be monitored for contamination when leaving
the Site by Perma-Fix using a GM probe or equivalent. This section presents standard language for
decontamination in the unlikely event it occurs. The key is to prevent contamination as described in
Section 7.1.

Decontamination areas will be established for work in potentially contaminated areas to prevent the spread
of contamination. Potentially contaminated areas include an area surrounding the feature to be closed and
any additional areas where soil disturbance will take place. These areas will be designated contamination
zones where workers are required to follow health and safety procedures including supplemental
monitoring as appropriate. Because the mine features to be closed are relatively small and dispersed over
the Site, a screening and decontamination area will be identified for each feature. These locations will be
outside and upwind of the exclusion zone where possible and will consider any adjacent or nearby projects
and personnel. The SC must establish and monitor the decontamination procedures and their effectiveness.
Decontamination procedures found to be ineffective will be modified by the SC. The SC must ensure that
procedures are established for disposing of materials generated on the site. . The SC will also establish
procedures for disposing of materials generated on the site.

No eating, drinking, or smoking will be permitted in contaminated areas or in exclusion or decontamination
zones. The SC should establish areas for eating, drinking, and smoking.

7.1 Contamination Prevention

Preventing or avoiding contamination of personnel, tools, and equipment will be considered in planning
work activities at all field locations. Good contamination prevention and avoidance practices will help
prevent worker exposure and result in a more efficient decontamination process. Radiation monitoring will
be conducted to determine if contamination is present. This information will be provided to the field team.
Procedures for contamination prevention and avoidance include:

e Do not directly handle or touch contaminated materials, waste rock, or ore

e Make sure there are no cuts or tears in PPE

e Fasten all closures in suits and cover them with duct tape, if appropriate

e Take particular care to protect any existing skin injuries

e Stay upwind of airborne contamination, where possible;

e Do not eat or drink in contaminated work areas

e Do not carry food, tobacco, or flame-producing equipment into contaminated work areas

e In contaminated areas, use only the number of personnel and the amount of tools and equipment
necessary for accomplishing the work

e Choose tools and equipment with nonporous exterior surfaces that can be easily cleaned and
decontaminated
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7 DECONTAMINATION

e Cover monitoring and sampling equipment with clear plastic, leaving openings for the sampling ports as
necessary

7.2 Personnel and Equipment Decontamination

It is not expected that an EZ will be established for this project. The information is provided as a part of our
standard plan just in case an EZ is established by CH2M HILL or others. Personnel exiting an EZ must take
care not to spread potential contamination into clean areas or increase their potential for ingesting or
inhaling potential contaminants. Decontamination may range from removing outer gloves as exiting the EZ
to proceeding through an outer layer doffing station that includes a boot and glove wash and rinse, washing
equipment, and so forth. Equipment that has come into contact with contaminated media must also be
cleaned/decontaminated when it is brought out of the EZ.

7.3 Decontamination during Medical Emergencies

Standard personnel decontamination practices will be followed whenever possible. For emergency life-
saving first aid and/or medical treatment, normal decontamination procedures may need to be abbreviated
or omitted. In this situation, site personnel shall accompany contaminated victims to advise emergency
response personnel about potential contamination present and proper decontamination procedures.

Outer garments may be removed if doing so does not cause delays, interfere with treatment, or aggravate
the problem. Protective clothing can be cut away. If the outer garments cannot be safely removed, a plastic
barrier between the individual and clean surfaces should be used to help prevent contaminating the inside
of ambulances or medical personnel. Outer garments can then be removed at the medical facility.

7.4 Waste Collection and Disposal

All contaminated material, such as contaminated disposable items, gross debris, liquids, and sludges,
generated through the personnel and equipment decontamination processes must be properly
containerized and labeled, stored at a secure location, and disposed of in accordance with the project plans.

7.5 Diagram of Personnel-Decontamination Line

Figure 7-1 illustrates a conceptual establishment of work zones, including the decontamination line. Work
zones are to be modified by the SC to accommodate task-specific requirements.
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7 DECONTAMINATION

FIGURE 7-1
Work Area - Set up appropriately based on wind direction

SUPPORT ZONE
Vehicle parking, health and safety

Wind Direction equipment, supplies, and

Contaminated

Work Area emergency equipment.
EXCLUSION ZONE Dirty Side®Clean Side
Caution signs installed, and ok

area marked with reinforced
caution tape, construction
fence, or other similar
materials.

.
.
.
.
.
.
.
.
.
.
.
.

<
o
o
o
o
o
o
o

Work
Area

|

|

CONTAMINATION REDUCTION ZONE
Site entrance, site exit, and area for personnel and equipment
decontamination (see below for layout).

~—

: . SUPPORT ZONE
. . . . . Vehicle parking, location of health
Wind Direction . Contaminated . and safety equipment, supplies, and

. Work Area . emergency equipment.

EXCLUSION ZONE E Dirty SideEClean Side

Caution signs installed, and E X"f’k ] E

area marked with reinforced : S N

caution tape, construction . . Work

fence, or other similar . o Area

materials. — .

CONTAMINATION REDUCTION ZONE

Site entrance, site exit, and area for personnel and equipment
decontamination. (See figure below for CRZ layout.)

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
7-3



7 DECONTAMINATION

Typical Contamination Reduction Zone

CONTAMINATED SIDE CLEAN SIDE
i B T
'J ! Table for Emergency Equipment
Liquid Disposal Solid Disposal deccn'd (fire extinguisher, first aid
Drum (decon  Drum (used PPE) €duiprent) kit)
water) :

Site Egress

Table for Hand/Face
. 8 . . : Wash Station

Outer PPE ) :
Wash and Rinse (if Seas(r;%g)vraITPE :
muddy), or place in \¢ _I

used PPE disposal Clean trash

D......dﬁum)_............................... \esssssssasssanasssnnansnnnanunsn

Table for Clean PPE and
Equipment Drop and

supplies
Pickup Table (i.e., for
equipment that :
temporarily remains in : Site Entrancd
the CR2). < -
“HOT LINE” Seating to Don
(separates ,E
clean from :
“dirty” sides)
¢ — : Cones, caution tape, or
: : ¥— equivalent to clearly identify the
Wind ' d Y identity

“line.”

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
7-4



8. Hazard Communication

As indicated in Section 7, “Hazard Communication,” in the Guidelines, the hazard communication (HazCom)
coordinator (the SC or qualified designee) must perform the following (additional HazCom duties are
outlined in the Guidelines):

Complete an inventory of chemicals brought on site by CH2M HILL, using the chemical inventory form
included as an attachment to this HSP

Confirm that an inventory of chemicals brought on site by CH2M HILL subcontractors is available

Before or as each chemical arrives on site, obtain a safety data sheet (SDS) for it, include it in the
chemical inventory sheet attached to this HSP, and add the SDS to the SDS attachment section of this

HSP

Give employees required chemical-specific HazCom training using the chemical-specific training form
included as an attachment to this HSP

Facilitate the sharing of information between parties when available during the daily safety meeting and
as needed during the day, for example:

Radiation background results

Radiation results at mine features where workers will be performing activities
Dust monitoring results

Location and repair of physical hazards

Location of dust generating activities

Additional HazCom duties are outlined in Guidelines.

8.1

Use Figure 8-2 and refer to the applicable protocol in Section 9 of Guidelines for heat stress monitoring.

Heat Stress Monitoring Flow Chart
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8 HAZARD COMMUNICATION

Thermal Stress Monitoring Flow Chart
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FIGURE 8-2
Heat Stress Monitoring
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9. Personal Protective Equipment

Refer to CH2M HILL SOP HSE-117, Personal Protective Equipment, and Guidelines, Section 11 for further

directives.

9.1 Required Personal Protective Equipment

PPE must be worn by employees when actual or potential hazards exist that engineering controls or
administrative practices cannot adequately control.

The RHSM has assessed PPE based on project tasks (Table 9-1). The RHSM who approved this plan
completes verification and certification of assigned PPE by task. Refer to Guidelines, Section 11, Personal
Protective Equipment, and Guidelines, Section 12, for specific requirements on use, care, and maintenance

of PPE.

Table 9-1 outlines PPE to be used according to task based on project-specific hazard assessment. If a task
other than those listed here must be performed, inform the RHSM so this table can be updated. CH2M HILL
will provide PPE only to CH2M HILL employees.

TABLE 9-1

Project-Specific Personal Protective Equipment Requirements

Project-Specific Personal Protective Equipment Requirements®

Task Level Body Head Respirator ®
General field work |Z Work clothes (sleeved shirt, long |Z ANSI Z89.1
pants) hardhat®
Survey, monitoring
X] Work boots X] ANSI 787.1
D safety glasses None required
X Gloves (leather)
|:| Hearing
[X] other: Snake guards/chaps during protectiond
summer months
[] work clothes [] ANSI Z89.1
hardhat®
[] cotton coveralls
0 . y [] ANSI Z87.1
Modified D Uncoated Tyve safety glasses None required
[] safety-toed boots [] Hearing
iand
[] Inner surgical-style nitrile protection
[] outer chemical-resistant nitrile
gloves
[] other (specify):
Work near vehicular
trafficways or earthmoving NA

equipment

X] ANSI/ISEA 107-2010 high visibility
vest

NA NA
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9 PERSONAL PROTECTIVE EQUIPMENT

Project-Specific Personal Protective Equipment Requirements®

Task Level Body Head Respirator ®

Reasons for Upgrading or Downgrading Level of Protection (with approval of the RHSM)

Upgradef Downgrade
e  Request from individual performing tasks. e New information indicating that situation is less
e Change in work tasks that will increase contact or potential contact hazardous than originally thought.
with hazardous materials. e  Change in site conditions that decrease the
e Occurrence or likely occurrence of particulate emission. hazard.
e Known or suspected presence of dermal hazards. e  Change in work task that will reduce contact with

e Instrument action levels in the “Air Monitoring” section exceeded. hazardous materials.

@Modifications are as indicated. CH2M HILL will provide PPE only to CH2M HILL employees.

b No facial hair that would interfere with respirator fit is permitted.

¢Hardhat and splash-shield areas are to be determined by the SC.

dHearing protection should be worn when conversations cannot be held at distances of 3 feet (1 meter) or less without shouting.
¢ See cartridge change-out schedule.

fPerforming a task that requires an upgrade to a higher level of protection (e.g., Level D to Level C) is permitted only when the PPE
requirements have been approved by the RHSM, and an SC qualified at that level is present.

Reason for Upgrade®® Reason for Downgrade?
e Upon request from individual performing tasks e New information indicates that situation is less
e  Change in work tasks will increase contact or potential contact with hazardous than originally thought
hazardous materials e Change in site conditions decreases the hazard
e Occurrence or likely occurrence of particulate emission e Change in work task reduces contact with
e  Known or suspected presence of dermal hazards hazardous materials

e Instrument action levels in the “Air Monitoring” section exceeded
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10. Air and Radiological Monitoring

Instrument Task Action Level Protection Frequency Calibration
Radiation Meter: GM All > 0.05 mR/hr Notify radiological During all Daily check
Detector (Eberline E120, subcontractor. intrusive and

Ludlum Model 3) or non-intrusive

equivalent Limit duration in area to only work

as much time as necessary to
perform task. See 6.1,
Additional Project-Specific
Hazard Controls

The above monitoring is required for health and safety for CH2M HILL and its subcontractors.

Additional radiological monitoring will be conducted during the work to characterize the site and support
those surveys. Radiological monitoring at background reference area and at areas where workers will be
present will be discussed during daily safety meetings with field staff. These measurements will be made
with both the Nal detector in cpm and the GM probe in uR/hr. Perma-Fix will also perform general area
surveys and contamination control surveys as a part of their normal course of work following company
specific procedures for data collection activities. Radiological monitoring for airborne radioactivity from
dust generating activities that are being conducted by others (HMOSP, not a CH2M HILL subcontractor) will
be performed as described in the Radiological Monitoring Instructions for Ruby Mine. This monitoring will
include breathing zone monitors on workers that have the potential to inhale dust and one downwind
continuous air monitor.
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11. Worker Training and Qualification

11.1 CH2M HILL Worker Training

Refer to CH2M HILL SOP HSE-110, Training, and Section 12 of the Guidelines.

The training shown in Table 11-1 is required for CH2M HILL personnel working on site. Copies of training will
either be available on site or readily available from the CH2M HILL HandS training database system.

TABLE 11-1
Required Training for CH2M HILL Personnel On Site

Required CH2M HILL Worker Training

CH2M HILL Task or Equipment-Specific Training
(if performing task)

|Z CH2M HILL HSP Training

[X] CH2M HILL ESBG HSSE Guidelines

[X] CH2M HILL AHAs

X subcontractor HSP/Safety Plan/AHAs

|Z| Hazard Communication

[X] 10-hour OSHA Construction Safety Training

[X] At least one SC-C (refer to worker category for all applicable

training needed)
[] scaffold Training
[] other (specify):

[] other (specify)

|:| Aerial Lift Operator Training

[] confined Space Entry Training
|:| Excavation Competent Person
X Fall Protection (site-specific)

[] Forklift Operator

[] on-Track Railroad Safety Training

[] NFPA 70E Training (energized electrical safety training)

[1 Qualified Earthmoving Equipment Operator

[] other (specify):

Project-Specific Required (VO) Training

|:| 3R Munitions Safety Awareness Training
|:|Arsenic Training

|:| Asbestos Awareness Training

|:| Bear Awareness Training

|:| Benzene Training

[ 1 cadmium Training

] chromium Training

[] confined Space Awareness Training
] brum Handling Training

[] Electrical Safety Training

|:| Excavation Safety Training

X Fall Protection Training

[] Formaldehyde Training

[X] Hand Safety Training

[] Hydrogen Sulfide Hazard Recognition Training
|Z| lonizing

|:| Lead Exposure Training

|:| Lockout/Tagout Training

Xl Manual Lifting Training

] Methylene Chloride Training

] Noise Training

[] Radio Frequency Safety Awareness
[] Railroad Safety On-line Training
|:| Respirators Level C Training

[] stairways and Ladders

X Traffic Safety Training
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11 WORKER TRAINING AND QUALIFICATION

TABLE 11-1
Required Training for CH2M HILL Personnel On Site

Required CH2M HILL Worker Training

CH2M HILL Task or Equipment-Specific Training
(if performing task)

[] orum Handling Training

[] Vinyl Chloride Training

@ Required if the task will be performed

11.2 Subcontractor Worker Training

The following training is required for subcontractor personnel working on site. Copies of training shall be

available on site.

Required Subcontractor Worker Training

Subcontractor Task- or Equipment-Specific Training?

|Z| CH2M HILL HSP training

] CH2M HILL ESBG HSSE Guidelines

[X] Subcontractor HSP/safety plan/AHAs

[] 10-hour OSHA construction safety training
[] 30-hour OSHA construction safety training
|:| Respiratory protection training

X First Aid/CPR/BBP — at least 2 people

[] Aerial lift operator training

[] Asbestos competent person

[] Asbestos training (supervisor, worker)

[] confined space entry training

[] NFPA 70E training (energized electrical safety training)
[] Qualified drill rig operator

[] Qualified earthmoving equipment operator

1 Qualified rigger

[] certified crane operator

[] crane assembly/disassembly competent person
|:| Demolition competent person
] Excavation competent person
X Fall protection (site-specific)

[] Flagger training

[] Forklift operator

|:| Hazard communication

[] Ladder safety training

[] Lead training

[] Lockout/tagout training

[] on-track railroad safety training
[] Qualified crane signaler

[] scaffold training

[] other (specify):

[] other (specify):

2Required if performing this work.

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”

11-2



12. Site-Control Plan

(Reference Section 14 of the Guidelines)

Site control is established so that only authorized individuals are permitted into potentially hazardous areas.
Task-specific control measures are listed below. Use of the Buddy System will be implemented unless a
Working Alone protocol has been established and approved as indicated in Sections 5 and 6 above.

TABLE 12-1
Site Control for General Work Area(s)

Site Control for General Work Area(s)

X Perimeter fencing Location: Around open [] Barricades Location:
holes/shafts

|Z| Signage Location: |:| Other: Location:

[] Traffic control devices Location: [] None:
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13. Communications

Primary and backup means of communication for field crews have been established as described below.

Type of Communication Primary Means Backup Means
Communication between field crew X Voice [] voice
[] Radio [] Radio
[] Phone X Phone
Communication with Office crew ] Radio ] Radio
X Phone [] Phone
Communication with Fire and [] rRadio [] radio
Emergency Services X Phone X Phone — Satellite
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14. Required Facilities and Equipment

The following facilities and equipment shown in Table 14-1 are required and used for safe completion of
work:

TABLE 14-1
Facilities and Equipment Required

Facility Type Location
[X] Restrooms Smith Lake Chapter House

[] supplementary lllumination

|:| Emergency Eyewash

X First aid kit/supplies Field Vehicles
[X] Fire extinguishers Field Vehicles
] spill Kit(s)

X Potable Water Field Vehicles
|Z| Shade/rest area Field Vehicles

[] Heated rest area

[] other
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15. Emergency Response Plan

(Reference CH2M HILL SOP HSE-106, Emergency Planning, and Section 16 of the Guidelines)

Personnel responsible for coordinating emergency situations during site activity are identified in

Table 15-1.below. The Emergency Contacts Page is at the front of this HSP. A site map showing assembly
points and directions to the authorized medical facility is attached. Documented rehearsal and critique of
this plan is required at least once during the task, or more often as necessary.

TABLE 15-1
Emergency Coordination Personnel

Responsibility Name Phone Number(s)
SC-HW Jim Crew/ABQ 205-531-6916

Other field team member — assigned each day

Type (desk or field) and frequency of rehearsal

If an emergency situation develops that requires evacuation of the work area, the steps shown in Table 15-2
will be implemented.

TABLE 15-2
Emergency Evacuation

Evacuation Step Methods and Comments

Notify affected workers

Evacuate to safe location
Assemble and account for workers
Notify project manager

Complete incident report

Potential emergency situations and response actions are identified in Table 15-3.

TABLE 15-3
Response Actions for Specific Emergencies

In case of: Response actions:

General Radiation Field in area  Immediately withdraw from the area. If not uranium ore, then contact corporate RHSM.
is>2 mR/hr

Call 911. Have a designee give location and directions to ambulance service if needed. If
CH2M HILL employee, call occupational physician at 1-866-893-2514.

Injury or illness
Chemical exposure
Fire or explosion Call 911. Have a designee give location and directions to fire department service if needed.

Adverse weather

Heat stroke Call 911. Have a designee give location and directions to ambulance service if needed. If
CH2M HILL employee, call occupational physician at 1-866-893-2514.

Material spill or release
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15 EMERGENCY RESPONSE PLAN

Table 15-4 describes evacuation signals and gives their meanings.

TABLE 15-4
Meanings of Evacuation Signals

Evacuation Signals Meaning
Grasping throat with hand Emergency; help me
Thumbs up OK; understood
Grasping buddy’s wrist Leave area now
Continuous sounding of horn Emergency; leave site now

If a large quantity spill occurs, notify emergency services. Only if safe to do so, personnel discovering a spill
will:

e Stop or contain the spill immediately (if possible) or note source. Shut off the source (e.g., pump,
treatment system) if possible. If unsafe conditions exist, leave the area, call emergency services, inform
nearby personnel, notify the site supervisors, and initiate incident reporting process. Notify the SC
immediately.

e  Extinguish sources of ignition (flames, sparks, hot surfaces, cigarettes).
e Clear personnel from the spill location and barricade the area.

e Use available spill control equipment in an effort so that fires, explosions, and releases do not occur,
recur, or spread.

e Use sorbent materials to control the spill at the source.

e Construct a temporary containment dike of sorbent materials, cinder blocks, bricks, or other suitable
materials to help contain the spill.

e Attempt to identify the character, exact source, amount, and extent of the released materials. Identify
the spilled material as soon as possible so the appropriate cleanup procedure can be identified.

e Contact the RHSM and project EM immediately if a spill or release occurs so they can evaluate whether
reportable quantities were spilled or release and whether agency reporting is required.

e Assess possible hazards to human health or the environment as a result of the release, such as fire or
explosion.

e Follow procedures given in this HSP, Section 16, Incident Notification, Reporting, and Investigation.
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16. Incident Notification, Reporting, and
Investigation

(Reference Section 16 of the Guidelines for complete definitions and protocol)

16.1 Incident Notification

All employees and subcontractors’ employees shall immediately report any incident (including “near
misses,”) in which they are involved or witness to their supervisor.

The CH2M HILL or Subcontractor supervisor, upon receiving an incident report, shall inform his or her
immediate superior and the CH2M HILL SC.

The SC shall immediately report the following information to the RHSM and PM by phone and email:
e Project name and site manager

e Date and time of incident

e Description of incident

e Extent of known injuries or damage

o Level of medical attention

e Preliminary root cause/corrective actions

If the incident was an environmental permit issue (potential permit non-compliance, other situation that
result in a notice of violation) or a spill or release, contact the Project EM immediately so evaluation of
reportable quantity requirements and whether agency reporting is required;

16.2 Drug and Alcohol Testing for CH2M HILL Employees

As required by CH2M HILL Policy 810, U.S. Employees are subject to post-incident and reasonable suspicion
drug and alcohol testing. The Employee must submit to drug and alcohol testing if the supervisor has a
reasonable suspicion, and when any of the following occur:

e Work-related injury requiring off-site medical attention;
¢ Incident resulting in property damage over USDS500 as determined by the Employee’s supervisor;

e Incident considered to be a serious near-miss injury that occurs in the field or in the office as
determined by the supervisor;

e Other circumstances as dictated by Employee Relations; or
e An Employee contributes to any of the above Work-related injury requiring off-site medical attention;

Refer to the ESBG HSSE Guidelines and CH2M HILL Policy 810 for additional information and specific
requirements.

16.3 Drug and Alcohol Testing for Subcontractors

The drug and alcohol testing requirements stated above apply to subcontractors when required by the
subcontract.
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16 INCIDENT NOTIFICATION, REPORTING, AND INVESTIGATION

16.4 HITS System and Incident Report Form

The SC shall complete an entry into the Hours and Incident Tracking System (HITS) database system located
on CH2M HILL’s Virtual Office (or if VO not available, use the hard copy Incident Report Form and Root
Cause Analysis Form and forward it to the RHSM) within 24 hours and finalize those forms within 3
calendar days.

16.5 Injury Management/Return-to-Work (for US/Puerto Rico
based CH2M HILL Staff Only)

In the event of an injury, the following actions shall be taken:
e Employee informs their supervisor.

e Employee calls the Injury Management Program toll free number 1-866-893-2514 immediately and
speaks with the Occupational Injury Nurse. This number is operable 24 hours per day, 7 days a week.
Employees are encouraged to enter this phone number into their cell phones prior to starting field
work.

e Supervisor ensures employee immediately calls the Injury Management Program number. Supervisor
makes the call with the injured worker or for the injured worker, if needed.

e Nurse assists employee with obtaining appropriate medical treatment, as necessary schedules clinic visit
for employee (calls ahead, and assists with any necessary follow up treatment). The supervisor or SC
accompanies the employee if a clinic visit is necessary to ensure that employees receive appropriate and
timely care.

e Supervisor or SC completes the HITS entry or incident report form immediately (within 24 hours) and
forwards it to the Project Manager and RHSM.

e Nurse notifies appropriate CH2M HILL staff by e-mail (supervisor, Health & Safety, Human Resources,
Workers’ Compensation).

e Nurse communicates and coordinates with and for employee on treatment through recovery.

e Supervisor ensures suitable duties are identified and available for injured or ill workers who are
determined to be medically fit to return to work on transitional duty (temporary and progressive).

e Supervisor ensures medical limitations prescribed (if any) by physician are followed until the worker is
released to full duty.

16.6 Serious Incident Reporting Requirements

Serious incidents include the following:

e Work related death, or life threatening injury or illness of a CH2M HILL employee, subcontractor, or
member of the public;

e Kidnap or missing person;
e Acts or threats of terrorism;

e Event that involves a fire, explosion, or property damage that requires a site evacuation or is estimated
to result in greater than $ 500,000 in damage; or

e Spill or release of hazardous materials or substances that involves a significant threat of imminent harm
to site workers, neighboring facilities, the community or the environment.
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If an incident meets the “Serious Incident” criteria, the Project Manager is to immediately contact the
Crisis Manager at 720-286-4911, then follow the standard incident reporting procedure.
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17. Inspections

17.1 Project Activity Self-Assessment Checklists

The following self-assessment checklists are required when the task or exposure is initiated and weekly
thereafter. The checklists shall be completed by the SC or other CH2M HILL representative and maintained
in project files.

Hand and Power Tools

PPE

17.2 Safe Behavior Observations

The SC or designee shall perform at least one SBO each week for any field work performed by
subcontractors or when there are at least two CH2M HILL personnel performing fieldwork.

Email completed forms to:

e Commercial Sector: CH2M HILL ES COM Safe Behavior Observation
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18.

Records and Reports

Refer to the Guidelines, Section 19, Records and Reports, for a complete description of HSE recordkeeping
requirements. Below are examples of records that must be maintained as the project progresses:

Exposure records including air monitoring data
(including calibration records), SDSs, and
exposure modeling results

Training records
Respiratory fit test records

Incident reports, investigations, and associated
backup information

Federal or state agency inspection records
HSE audits and assessments

Confined space entry permits

Equipment inspections

Equipment maintenance
Emergency equipment inspection records

SBOs

Self-assessment checklists

Daily safety meeting sign-in forms/PTSPs
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19. Employee Signoff Form

EMPLOYEE SIGNOFF FORM
Health and Safety Plan

The CH2M HILL project employees and subcontractors listed below have been provided with a copy of this
HSP, have read and understood it, and agree to abide by its provisions.

Project Name: Project Number:

EMPLOYEE NAME
(Please print) EMPLOYEE SIGNATURE COMPANY DATE
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19 EMPLOYEE SIGNOFF FORM

CH2MHILL
Stop Work Order
REPORT PREPARED BY:
Name: Title: Signature: Date:

ISSUE OF NONPERFORMANCE:

Description: Date of
Nonperformance:

SUBCONTRACTOR SIGNATURE OF NOTIFICATION:

Name: Title: Signature: Date:

* Corrective action is to be taken immediately. Note below the action taken, sign and return to CCl.* Work may not resume until
authorization is granted by CH2M HILL Constructors, Inc. Representative,

SUBCONTRACTOR’S CORRECTIVE ACTION
Description: Date of
Nonperformance:

SUBCONTRACTOR SIGNATURE OF CORRECTION
Name: Title: Signature: Date:
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Safe Behavior

Observation Form

[ ] Federal [ JCommercial
[ ] International

(check one)

[IConstruction or [ ]Consulting (check one)

Project Number:

Client/Program:

Project Name: Observer: Date:
Background

Position/Title of Information/

worker observed: comments:

Task/Observation

Observed:

®,
0.0

7
0.0

X3

%

X3

8

®,
0.0

Identify and reinforce safe work practices/behaviors
Identify and improve on at-risk practices/acts
Identify and improve on practices, conditions, controls, and compliance that eliminate or reduce hazards
Proactive PM support facilitates eliminating/reducing hazards (do you have what you need?)

Positive, corrective, cooperative, collaborative feedback/recommendations

Actions & Behaviors

At-
Safe | Risk

Observations/Comments

Current & accurate Pre-Task
Planning/Briefing (Project safety
plan, STAC, AHA, PTSP, tailgate
briefing, etc., as needed)

Properly
trained/qualified/experienced

Tools/equipment available and
adequate

Positive Observations/Safe Work Practices:

Proper use of tools

Barricades/work zone control

Housekeeping

Communication

Work Approach/Habits

Attitude

Questionable Activity/Unsafe Condition Observed:

Focus/attentiveness

Pace

Uncomfortable/unsafe position

Inconvenient/unsafe location

Position/Line of fire

Apparel (hair, loose clothing,
jewelry)

Observer’s Corrective Actions/Comments:

Repetitive motion

Other...

Observed Worker’s Corrective Actions/Comments:

For ES Federal Sector projects please email completed forms to: CH2MHILLESFEDSafeBehaviorObservation@ch2m.com
For ES Commercial Sector projects please email completed forms to: SafeBehaviorObservations@ch2m.com

For CNR ES staff please email completed forms to: cnressafe@ch2m.com
For International ES projects please e-mail completed forms to: ESINTLSafeBehaviorObservation@ch2m.com
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19 EMPLOYEE SIGNOFF FORM

CH2MHILL

Pre-Task Safety Plan (PTSP) and Safety Meeting Sign-in Sheet

Project: Location: Date:
Supervisor: Job

Activity:

Attendees: Print Name Sign Name

List Tasks and verify that applicable AHAs have been reviewed:

Tools/Equipment Required for Tasks (ladders, scaffolds, fall protection, cranes/rigging, heavy equipment,

power tools):

Potential H&S Hazards, including chemical, physical, safety, biological and environmental (check all that

apply):

__Chemical burns/contact

___Trench, excavations, cave-ins

__ Ergonomics

__Pressurized lines/equipment

___Overexertion

__Chemical splash

__Thermal burns

__Pinch points

__Poisonous plants/insects

__Electrical

__Cuts/abrasions

__Eye hazards/flying projectile

__ Weather conditions

__spills

__Inhalation hazard

__Heights/fall > 6 feet

___Overhead Electrical hazards

__Heat/cold stress

__Noise

__Elevated loads

__ Water/drowning hazard

__Explosion/fire

__Slips, trip and falls

__Heavy equipment

__Radiation

__Manual lifting

__Aerial lifts/platforms

__Confined space entry

__Welding/cutting

__Demolition

__Underground Utilities

__Security

__ Poor communications

Other Potential Hazards (Describe):
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Hazard Control Measures (Check All That Apply):

PPE
__Thermal/lined
__Eye
__Dermal/hand
__Hearing

__ Respiratory

__ Reflective vests
__ Flotation device
___Hard Hat

Protective Systems
__Sloping

__Shoring

__Trench box

__Barricades

__ Competent person
__Locate buried utilities
__Daily inspections
___Entry Permits/notification

Fire Protection

__Fire extinguishers

__Fire watch

__Non-spark tools
__Grounding/bonding
___Intrinsically safe equipment

Electrical

__Lockout/tagout
__Grounded

__Panels covered
__GFCl/extension cords
___Power tools/cord inspected
__Overhead line clearance
___Underground utils ID’d

Fall Protection
__Harness/lanyards
__Adequate anchorage
___Guardrail system
__Covered opening

Air Monitoring
__PID/FID
__Detector tubes
__Radiation
__Personnel sampling

Proper Equipment

__Aerial lift/ladders/scaffolds
__ Forklift/heavy equipment
__Backup alarms
__Hand/power tools

Welding & Cutting

__ Cylinders secured/capped
__Cylinders separated/upright
__Flash-back arrestors
__Nocylinders in CSE

__Fixed barricades __LEL/O2 __Crane with current inspection ___Flame retardant clothing

__Warning system __Novisible dust __Proper rigging __Appropriate goggles
__ Other __Operator qualified

Confined Space Entry Medical/ER Heat/Cold Stress Vehicle/Traffic

__lsolation __First-aid kit __Work/rest regime ___Traffic control

___Air monitoring ___Eye wash __Restarea __Barricades

__Trained personnel __FA-CPR trained personnel __Liquids available __Flags

__Permit completed __Route to hospital __Monitoring __Signs

__Rescue __Training

Permits Demolition Inspections: Training:

___Hot work __Pre-demolition survey __Ladders/aerial lifts ___Hazwaste (current)

__ Confined space __Structure condition __Lanyards/harness __Construction

__Lockout/tagout __Isolate area/utilities __Scaffolds __Competent person

__Excavation ___Competent person ___Heavy equipment __Task-specific

___Demolition ___Hazmat present __ Drill rigs/geoprobe rigs __FA/CPR

___Energized work

__Cranes and rigging
___Utilities marked

__Confined Space
___Hazcom

Underground Utilities
__Dig alert called

__3" Party locater
__As-builts reviewed
__Interview site staff
__Client review

__soft locate necessary?

Incident Communications

__Work stops until cleared by
TM/CM

__Immediate calls to TM/CM
__Client notification

__24 hour notification setup
__Clear communications

AHA' s

__reviewed and approved by HSM
__onsite and current
__applicable for this day’s work

__Communication and incident processes included?

Field Notes (including observations from prior day, etc.):

Name (Print):

Signature:

Date:
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19 EMPLOYEE SIGNOFF FORM

0 CHZMHILL

Safety Briefing Record

‘.; TargetZero

Project Location:

Project Number:

Date of Meeting: / /

Time: Start: End

Who is the project Safety Coordinator?

Who is the FTL/CM?

What other CH2M HILL employees are present
today?

What subcontractors are involved in this safety briefing? Be sure to brief fully any site workers or visitors

arriving later in the day.

1. # workers
2. # workers
3. # workers

What tasks will be performed today?

Hazard Awareness Discussion

What are the major task steps?

What key hazards will be present?

What controls will be required?

What impact might the weather have on today’s SOW (heat, cold, storms, wind)? What are our inclement

weather plans?

What Self-Assessment Checklists will be completed
today? (check HASP for requirements)

Manual Lifting

PPE

Hand & Power Tools
Drilling

Electrical Safety

OOooooon

Does the work today require permits of any kind?

Safe Work Permit (Active)
Utility locate clearance
Confined space entry
Energized electrical
Excavations

OOoOooooon
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Are any notifications or communications required
for this SOW? If yes, what?

Where are the emergency supplies (first aid, eye
wash, safety shower, fire, spill kit, etc.) for our work
site today?

What changes in work site or task conditions would
require a work stoppage and a re-evaluation of
hazards and controls?

During the previous day’s work, were any lessons
learned or near misses noted?

When was the last Safe Behavior Observation (SBO) conducted for this project? / /

How many are required for this field event? per

Is a SBO required today? (see HASP for required frequency) O Yes 0O No

Crew Attendance & Participation

Name: | Signature:

| Comments

10 |

11 |

12 |

13 |

Facilitator’s Signature:

I Hours Worked Today:
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19 EMPLOYEE SIGNOFF FORM

CH2Z2MHILL
OBSERVED HAZARD FORM

Name/Company of Observer (optional):

Date reported: Time reported:

Contractor/s performing unsafe act or creating unsafe condition:
1.

3.

Unsafe Act or Condition:

Location of Unsafe Act or Condition:

Name of CH2M HILL Representative:

Corrective Actions Taken: Date:

Project Safety Committee Evaluation: Date:
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ES Fieldwork Safety Checklist

Fieldwork Activity:

Project Manager (PM):

Field Team Leader (FTL) :

Target Fieldwork Start Date:

Initial Preparation for Fieldwork
|:| Work Plan Developed and reviewed by Project Manager
[ ] Scope of Work developed and reviewed by PM/Project Staff

[ ] Scope of Work submitted to subcontractor
= HS requirements are included.

|:| Conduct internal meeting between project manager and safety coordinator to delegate tasks
on checklist and identify other special issues for the site(s).

6 Weeks Prior to Mobilization

Signature: Date Complete

[] Identify qualified Safety Coordinator schedule (PM/FTL)
|:| Safety training needs identified (SC)

|:| Send H&S questionnaire with any bids or verify with the HSM the sub is qualified for the scope of work.
(SC)

5 Weeks Prior to Mobilization

Signature: Date Complete

|:| Provide Final Work Plan to HSM for development of Health and Safety Plan (SC)
|:| Complete electronic — Field Project Startup Form

|:| Forward HS questionnaires to HSM for subs not previously qualified on this project for the scope of work.
(SC)

4 Weeks Prior to Mobilization

Signature: Date Complete

[ ] Review qualified Subcontractor Bids, issue notice to proceed for pre-construction submittals (work plan,
AHAs, HSP, insurance certifications, training records, competent person certification) (PM/FTL). Note: If a
sub is not qualified do not evaluate their bid

3 Weeks Prior to Mobilization

Signature: Date Complete

[_] Forward health and safety submittals (CH2M HILL and subcontractor) to HS Manager for review (SC)
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19 EMPLOYEE SIGNOFF FORM

2 Weeks Prior to Mobilization

Signature: Date Complete

|:| All CH2M HILL and subcontractor personnel health and safety certificates are submitted, reviewed, and
approved (SC) (note: if they are not approved find new staff or get staff trained. See identify staff training
needs @ 6 weeks prior)

[ ] 1ssue notice to proceed for field work once all submittals are approved.

1 Week Prior to Mobilization

Signature: Date Complete

[_] Ensure all safety and sampling equipment is on-site or on order and is as specified in HSP (i.e. 11.7 or 10.6
eV PID, detector tubes for benzene, TCE, etc.) (SC)

[] Verify emergency response information (route to hospital, phone number, etc.) (SC)
[ ] Verify Lone Worker call-in process is in place (SC)
[_] Verify PPE is available and matches the requirements of the HSP (SC)

[] Verify special equipment is on site or ordered including bug out suits, satellite radios, working alone
monitors or sensors.

Mobilization

Signature: Date Complete

[ ] conduct Site Safety Briefing for all CH2M HILL and subcontractor staff. Sign off on HSP/AHAs (SC)
[] Review AHAs for CH2M HILL tasks/features of work and sign off (SC)
[_] Verify that subs review their AHAs and their crews sign off (SC)

[] Get inventory of all chemicals that CH2M HILL and subcontractors have brought on site, obtain or verify
copies of MSDSs are on site and add to inventory sheet in HSP.

[] Conduct chemical-specific training based on the contents of the MSDS and verify in forms provided in the
HSP (SC)

[_] Initiate Air Monitoring as specified in HSP (SC)

Daily/Weekly Tasks

Signature: Date Complete

[] Verify daily safety meeting is conducted and documented. Complete Pre Task Safety Plans as described in
HSP (SC)

[ ] Conduct weekly (or as specified in the HSP/FSI) self inspection checklists (SC)
[ ] Conduct weekly Safe Work Observations and submit to e-mailbox (address on form) (SC)
[ ] call HMS if update to HSP is needed (refer to change management form in the HSP) (SC)

|:| Prepare, or verify the sub prepares, a new AHA for any new task, have HSM approve it, and brief crew on
new elements. (SC)

[ ] Update AHA(s) when a new hazard is identified on an existing task and the brief crew on new elements.
(SC)
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HEAT STRESS PHYSIOLOGICAL MONITORING FORM

Project:

Date: Company:

1. Take and record measurement of temperature or pulse at the frequency indicated in the
safety plan.

Follow the Physiological Monitoring Protocol in the safety plan.

3. Never continue work if your body temperature is more than 100.4° F/38° C, or if you are
experiencing sudden and severe fatigue, nausea, dizziness, or lightheadedness.

Employee:

Describe action taken below if measurements are exceeded:

Time

Temp

Heat Index

Pulse

Employee:

Describe action taken below if measurements are exceeded:

Time

Temp

Heat Index

Pulse

Employee:

Describe action taken below if measurements are exceeded:

Time

Temp

Heat Index

Pulse

Employee:

Describe action taken below if measurements are exceeded:

Time

Temp

Heat Index

Pulse
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19 EMPLOYEE SIGNOFF FORM

Thermal Stress Monitoring — Permeable or Impermeable Clothing

When permeable work clothes are worn (street clothes or clothing ensembles over street clothes), regularly
observe workers for signs and symptoms of heat stress and implement physiological monitoring as indicated
below. This should start when the heat index reaches 80° F (27° C) [see Heat Index Table below], or sooner
if workers exhibit symptoms of heat stress indicated in the table above. These heat index values were
devised for shady, light wind conditions; exposure to full sunshine can increase the values by up to 15°F
(8°C). Also, strong winds, particularly with very hot, dry air, can be extremely hazardous.

When wearing impermeable clothing (e.g., clothing doesn’t allow for air or water vapor movement such as
Tyvek), physiological monitoring as described below shall be conducted when the ambient temperature
reaches 70°F (21°C) or at a lower temperature when workers begin to exhibit signs and symptoms of heat
stress.

Heat Index
Temperature (°F)

90 82 94 96 98 100 102 104 106 108 110
91 94 97 101
93
95
97
100
103

80 82 84
80 81 83
60 82 84
81 83 85
81 84 86
g2 84 88
g2 85 89
63 86 90
64 88 92

BHEEL BB

-
=]
o

SREESEEIRR

Relative Humidity (%)
EBREASRSHTESE

84 89 94
85 90 96
66 91 98
866 93 100
100| 87 95 103
Likelihood of Heat Dis orders with Prolonged Exposure or Streuous Activity
[] Caution [ Estreme Caution B Danger I Extreme Danger
Heat Index Possible Heat Disorders Minimum Frequency of Physiological Monitoring
80°F - 90°F Fatigue possible with prolonged exposure and/or | Conduct initial monitoring as baseline and observe
(27°C-32°C) physical activity workers for signs of heat stress and implement
physiological monitoring if warranted.
. o Sunstroke, heat cramps, or heat exhaustion Conduct initial monitoring as baseline, then at least
90°F - 105°F . . . o
(32°C - 41°C) possible with prolonged exposure and/or physical | every hour, or sooner, if signs of heat stress are
activity observed.

Source: National Weather Service

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
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DAILY SITE MONITORING REPORT

Pagelof

Project:

Date:

Task Name:

Subcontractor(s):

Description of Activities:

Instrumentation Description:

Instrument ID Number:

19.1.1.2 Site Monitoring Results

Time(s) Monitoring Location (note distance from
source, upwind/downwind, etc.)

Sample Type (source, Instrument Comments or list name and company of person if reading is a
breathing zone, area, etc.) Reading

Description of Potential Contaminant(s) and Source:

Calibration gas and lot number:

Time & Date Calibrated:

Calibration Results:

(Units)

19.1.1.1 Monitoring Instrumentation

Breathing Zone sample,*

Sampler:

Signature:

*IF RESULTS ARE BREATHING ZONE RESULTS, SEND THIS COMPLETED FORM TO YOUR HEALTH AND SAFETY MANAGER.



19 EMPLOYEE SIGNOFF FORM

DAILY SITE MONITORING REPORT

Page _ of

19.1.1.3 Site Monitoring Results

Time(s) Monitoring Location (note distance from Sample Type (source, Instrument Comments or list name and company of person if reading is a
source, upwind/downwind, etc.) breathing zone, area, etc.) Reading Breathing Zone sample,*
(Units)

Review

Sampler:

Signature:

Date:

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
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PERSONAL PROTECTIVE EQUIPMENT (PPE)
ENTERPRISE STANDARD OPERATING PROCEDURE HSE&Q-117

CH2MHILL

HS&E Self-Assessment Checklist: PERSONAL PROTECTIVE EQUIPMENT

Page 1 of 3
This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the
project’s HSP/FSI.

This checklist is to be used at locations where CH2M HILL employees are required to wear PPE or are required to
perform oversight of a subcontractor using PPE or both.

CH2M HILL staff shall not direct the means and methods of subcontractor use of PPE nor direct the details of
corrective actions. The subcontractor must determine how to correct deficiencies and CH2M HILL staff must
carefully rely on their expertise. Conditions considered to be imminently dangerous (possibility of serious injury or
death) must be corrected immediately or all exposed personnel must be removed from the hazard until corrected.

Project Name: Project No.:

Location: PM:

Auditor: Title: Date:

This specific checklist has been completed to (check only one of the boxes below):

[] Evaluate CH2M HILL compliance with its PPE program (SOP HSE-117)
[ ] Evaluate a CH2M HILL subcontractor’s compliance with its PPE program
Subcontractor’s Name:

Check the appropriate box, as follows:

e Check “Yes” if an assessment item is complete or correct.

e Check “No” if an item is incomplete or deficient. Section 2 must be completed for all items checked “No.”
e  Check “N/A” if an item is not applicable.

e  Check “N/O” if an item is applicable but was not observed during the assessment.

Numbers in parentheses indicate where a description of this assessment item can be found in Standard of Practice
HSE-121.

SECTION 1 Yes No N/A N/O
GENERAL

1. Required PPE listed in HSP FSI or AHA. 1 O 0 O
2. PPE available for use by employees. 1 O 0 O
3. PPE cleaning supplies available for use. 1 O 0 O
4. PPE stored appropriately to prevent deformation or distortion. O O 0O O
5. PPE written certification has been completed. 1 O 0 O

EYEWEAR (Glasses/Goggles/Face Shields)

6 Eyewear cleaning supplies available. O O O O
7  Safety glasses in good condition and lenses free of scratches. O O O O
8 Goggles adjustment strap not cracked or frayed, not deformed, or lenses not
scratched. 1 O 0 O
9. Face shields in good condition, including adjustment band, and free of scratches or
chips. O 0O O 0O
HSEQ-117, VERSION 2 A2-1

We will only maintain controlled copies online. Printed versions of this document are uncontrolled copies. To ensure you have the
current version, use the copy located at HSE&Q website.




PERSONAL PROTECTIVE EQUIPMENT (PPE)
ENTERPRISE STANDARD OPERATING PROCEDURE HSE&Q-117

CH2MHILL
HS&E Self-Assessment Checklist: PERSONAL PROTECTIVE EQUIPMENT

Page 2 of 3

SECTION 1 (Continued)
HEAD PROTECTION

10. Hard hat bill and suspension attached as allowed by manufacturer.

11. Shell is pliable, free of dents, cracks, nicks, or any damage due to impact.

12. Suspension maintained at 1.25 inches from inside of shell.

13. Suspension free of cuts or fraying, torn headband, adjustment strap workable.

14. Electrical hard hat matched to hazard classification.
15. Dated to determine whether within manufacturer’s allowable 5-year use time period.

HAND PROTECTION

16. Awvailable in sizes matched to employee.

17. Gloves free of rips tears, abrasions, or holes.

18. Matched to manufacturer’s specification for chemicals used onsite.

19. Electrical gloves matched to hazard and periodically inspected for insulating rating.
20. Maintained in a clean and sanitary condition, decontaminated or disposed properly.

BODY PROTECTION

21. Available in sizes matched to employee.

22. Maintained in a clean and sanitary condition, decontaminated or disposed properly.
23. Vapor-tight fully encapsulated suits tested at required periodic intervals.

24. Flame-resistant clothing matched to electrical hazard and arc flash rating.

25 Welding gear matched to degree of hazard and free of cuts, tears or burn holes.

26 Flotation gear available for work near or on water and in good condition.

HOT AND COLD BODY PROTECTION

27 Cooling gear available based on degree of heat stress hazard.

28 Cooling gear in operable, clean, and sanitary condition.

29 Cold-weather gear provided based on needs assessment.

30. Cold-weather gear available in sizes to match employees.

31 Cold-weather gear is in free of tears, rips, or holes and in maintained in a clean condition.

Yes No N/A N/O

I
I
I
I

oo
oo
oo
oo

Oooogt
Oooogt
Oooogt
Oooogt

oo
oo
oo
oo

TRAINING

32 Initial PPE training completed by employees. O O 0O O
33 Training conducted when new types or styles of PPE are issued. ] O OO [
34 PPE selection, use, and maintenance reviewed at daily safety briefings. ] O OO [
HSEQ-117, VERSION 2 A2-2

We will only maintain controlled copies online. Printed versions of this document are uncontrolled copies. To ensure you have the current

version, use the copy located at HSE&Q website.




CH2MHILL
HS&E Self-Assessment Checklist: PERSONAL PROTEECTIVE EQUIPMENT  Page 3 of 3

SECTION 2

Complete this section for all items checked “No” in Section 1. Deficient items must be corrected in a timely manner.

ltem Date
# Corrective Action Planned or Taken Corrected
Auditor: Project Manager:
A2-3 HSEQ-117, VERSION 2

We will only maintain controlled copies online. Printed versions of this document are uncontrolled copies. To ensure you have the
current version, use the copy located at HSE&Q website.
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1. Introduction

1.1 CH2M HILL Policy and Commitment
1.1.1 Safe Work Policy

It is the policy of CH2M HILL to perform work in the safest manner possible. Safety must never be compromised. To
fulfill the requirements of this policy, an organized and effective safety program must be carried out at each
location where work is performed.

CH2M HILL believes that all injuries are preventable, and we are dedicated to the goal of a safe work environment.
To achieve this goal, every employee on the project must assume responsibility for safety.

Every employee is empowered to:

e Conduct their work in a safe manner;

e Stop work immediately to correct any unsafe condition that is encountered; and
e Take corrective actions so that work may proceed in a safe manner.

Safety, occupational health, and environmental protection will not be sacrificed for production. These elements are
integrated into quality control, cost reduction, and job performance, and are crucial to our success.

1.1.2 Health and Safety Commitment

CH2M HILL has embraced a philosophy for health and safety excellence. The primary driving force behind this
commitment to health and safety is simple: employees are CH2M HILL’'s most significant asset and CH2M HILL
management values their safety, health, and welfare. Also, top management believes that all injuries are
preventable. CH2M HILL’s safety culture empowers employees at all levels to accept ownership for safety and take
whatever actions are necessary to eliminate injury. Our company is committed to world-class performance in
health and safety and also understands that world-class performance in health and safety is a critical elementin
overall business success.

CH2M HILL is committed to the prevention of personal injuries, occupational illnesses, and damage to equipment
and property in all of its operations; to the protection of the general public whenever it comes in contact with the
Company’s work; and to the prevention of pollution and environmental degradation.

Company management, field supervisors, and employees plan safety into each work task in order to prevent
occupational injuries and illnesses. The ultimate success of CH2M HILL's safety program depends on the full
cooperation and participation of each employee.

CH2M HILL management extends its full commitment to health and safety excellence.

1.1.3 Project-Specific Health, Safety, and the Environment Goals

All management and employees are to strive to meet the project-specific Health, Safety, and the Environment
(HSE) goals outlined below. The team will be successful only if everyone makes a concerted effort to accomplish
these goals. The goals allow the project to stay focused on optimizing the health and safety of all project personnel
and, therefore, making the project a great success.

The Project has established eleven specific goals and objectives:
e Create an injury-free environment;
e Have zero injuries or incidents;

e Provide management leadership for HSE by communicating performance expectations, reviewing and tracking
performance, and leading by example;

e Ensure effective implementation of the project safety plan through education, delegation, and team work;
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Ensure 100 percent participation in HSE compliance;
Continuously improve our safety performance;
Maintain free and open lines of communication;

Make a personal commitment to safety as a value;
Focus safety improvements on high-risk groups;
Continue strong employee involvement initiatives; and

Achieve health and safety excellence.
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2. Applicability

These Health, Safety, Security, and Environment Guidelines (Guidelines) apply to:
e All CH2M HILL staff, including subcontractors and tiered subcontractors of CH2M HILL working on the site; and

e All visitors to the construction site in the custody of CH2M HILL (including visitors from the Client, the
Government, the public, and other staff of any CH2M HILL company).

These Guidelines do not apply to the third-party contractors, their workers, their subcontractors, their visitors, or
any other persons not under the direct control or custody of CH2M HILL.

These Guidelines define the procedures and requirements for the health and safety of CH2M HILL staff and visitors
when they are physically on the work site. The work site includes the project area (as defined by the contract
documents) and the project offices, trailers, and facilities thereon.

These Guidelines will be kept onsite during field activities and will be reviewed as necessary. The Handbook will be
amended or revised as project activities or conditions change or when supplemental information becomes
available. The Handbook adopts, by reference, the Enterprise-wide Core Standards and Standard Operating
Procedures (SOPs), as appropriate. In addition, the Handbook may adopt procedures from the project Work Plan
and any governing regulations. If there is a contradiction between these Guidelines and any governing regulation,
the more stringent and protective requirement shall apply.

These Guidelines incorporate the regulatory requirements described in the State of California OSHA agency —
Cal/OSHA Title 8 CCR, Section 3203, Injury and Iliness Prevention Program (lIPP), and section 1509, Construction
Injury and lliness Prevention Program. The current version of CH2M HILL Cal/OSHA IIPP written program can be
accessed on the HSSE website under Programs.

All CH2M HILL staff and subcontractors must sign the employee sign-off form included at the end of this document
to acknowledge review of this document. Copies of the signature page will be maintained by the SPA or onsite by
the Safety Coordinator (SC).
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3. Roles and Responsibilities

The sections below describe the roles and responsibilities of personnel referred to in the project-specific safety
plan.

3.1 CH2M HILL Project Manager

The project manager (PM) is responsible for providing adequate resources (budget and staff) for project-specific
implementation of the HSE management process. The PM has overall management responsibility for the tasks
listed below. The PM may explicitly delegate specific tasks to other staff, as described in sections that follow, but
retains ultimate responsibility for completion of the following in accordance with this document and applicable
safety plans:

e Incorporate standard terms and conditions, and contract-specific HSE roles and responsibilities in contract and
subcontract agreements (including flow-down requirements to lower-tier subcontractors).

e Select safe and competent subcontractors by:

- Choosing potential subcontractors based on technical ability and HSE performance;
- Implementing the subcontractor prequalification process;

- Ensuring that acceptable certificates of insurance, including CH2M HILL as named additional
insured, are secured as a condition of subcontract award; and

- Ensuring HSE submittals, subcontract agreements, and appropriate site-specific safety procedures
are in place and accepted prior field mobilization.

e Ensure copies of training and medical monitoring records, and site-specific safety procedures are being
maintained in the project file accessible to site personnel.

e Provide oversight of subcontractor HSE practices per the site-specific safety plans and procedures.

e Manage the site and interfacing with 3" parties in a manner consistent with the contract and subcontract
agreements and the applicable standard of reasonable care.

e Ensure that the overall, job-specific, HSE goals are fully and continuously implemented.

e Provide visible support and motivation for HSE programs, rules, procedures, processes, and training, leading by
example and encouraging CH2M HILL employees to take ownership of HSE issues.

e Intervene or stop work when an unsafe condition or behavior is observed, and/or when an environmentally
compromising condition is encountered.

e Make available to and require CH2M HILL employees to complete required HSE training within established
timelines and provide project numbers for such training.

e Consistently and even-handedly enforce HSE rules, procedures, and requirements at the office and/or on
project work sites.

e Promptly report all work-related HSE incidents or near misses.

e Wear any required personal protective equipment.

e Ensure CH2M HILL employees complete required HSE training within established timelines.
e Conduct, cooperate, or assist with HSE incident investigations.

e Consult with the Human Resources Delivery Partner before taking any disciplinary action (other than verbal
counseling) associated with CH2M HILL Policy 203 and/or HSE programs rules, procedures, processes and
training.
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3.2 CH2M HILL Responsible Health and Safety Manager

The RHSM is responsible for the following:

e Review and evaluate subcontractor HSE performance using the pre-qualification process;
e Approve HSP and its revisions as well as Activity Hazard Analyses (AHA);

e Review and evaluate subcontractor site-specific safety procedures for adequacy prior to start of
subcontractor’s field operations;

e Support the oversight (or SC’s direct oversight) of subcontractor and tiered subcontractor HSE practices;
e Permit upgrades and downgrades in respiratory protection after reviewing analytical data;
e Conduct audits as determined by project schedule and coordination with PM; and

e Participate in incident investigations, lessons learned, loss and near loss reporting.

3.3 CH2M HILL Project Environmental Manager

The Project EM is responsible for the following:

e Provide environmental program support in areas such as training, auditing, planning, permit tracking, and
subcontractor oversight as needed or as specified in the project environmental plan or equivalent plan;

e Review and evaluate qualifications for subcontractors with a history of environmental non-compliance and for
waste transportation and disposal subcontractors;

e Evaluate any spills, releases, or environmental permit incidents for appropriate follow-up actions, notifications,
and recordkeeping requirements; and

e Provide environmental compliance and environmental management expertise and advice to the project team
as needed during the course of the project.

3.4 CH2M HILL Safety Coordinator

The SC is responsible for verifying that the project is conducted in a safe manner including the following specific
obligations:

o Verify the project safety plan is current and amended when project activities or conditions change;

e Verify CH2M HILL site personnel and subcontractor personnel read the safety plan and sign the Employee Sign-
Off Form, prior to commencing field activities;

e Verify CH2M HILL site personnel have completed any required specialty training (for example, fall protection,
confined space entry, among others) and medical surveillance as identified in the project safety plan;

e Verify that project files include copies of subcontractor training and medical monitoring records, and accepted
site-specific safety procedures prior to start of subcontractor’s field operations;

e Actas the project “Hazard Communication Coordinator” and perform the responsibilities outlined in the
project safety plan;

e Actas the project “Emergency Response Coordinator” and perform the responsibilities outlined in the project
safety plan;

e Post the Occupational Safety and Health Administration (OSHA) job-site poster; the poster is required at sites
where project field offices, trailers, or equipment-storage boxes are established. If you work in a state with an
OSHA State Plan, make sure the State Plan poster is posted, if required;

e Hold and/or verify that safety meetings are conducted and documented in the project file initially and as

needed throughout the course of the project (as tasks or hazards change);
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e Verify that project health and safety forms and permits are being used as outlined in the project safety plan;

e Perform oversight and assessments of subcontractor HSE practices per the site-specific safety plan and verify
that project activity self-assessment checklists are being used as outlined in the project safety plan;

e Coordinate with the RHSM regarding CH2M HILL and subcontractor operational performance, and 3" party
interfaces;

e Verify appropriate personal protective equipment (PPE) use, availability, and training;
e Ensure that the overall, job-specific, HSE goals are fully and continuously implemented;
e Conduct accident investigations including root cause analysis;

e (Calibrate and conduct air monitoring in accordance with the project safety plan; maintain all air monitoring
records in project file;

e Maintain HSE records and documentation;

e Facilitate OSHA or other government agency inspections including accompanying inspector and providing all
necessary documentation and follow-up;

e Deliver field HSE training as needed based on project-specific hazards and activities;

e Consistently and even-handedly enforce HSE rules, procedures, and requirements at the office and/or on
project work sites;

e Wear any required personal protective equipment;
e Conduct, cooperate, or assist with HSE incident investigations;

e Contact the PM and RHSM when standards of conduct or CH2M HILL Policy 203 has been violated by a
CH2M HILL employee;

e Contact the RHSM and PM in the event of an incident;

e Contact the RHSM and Project EM in the event of a spill or release immediately so evaluation of reportable
quantity requirements and whether agency reporting is required;

e When an apparent imminent danger exists, immediately remove all affected CH2M HILL employees and
subcontractors, notify subcontractor safety representative, stop affected work until adequate corrective
measures are implemented, and notify the PM and RHSM as appropriate; and

e Document all verbal health and safety-related communications in project field logbook, daily reports, or other
records.

3.5 CH2M HILL Employees

All personnel are assigned responsibility for safe and healthy operations. This concept is the foundation for
involving all employees in identifying hazards and providing solutions. For any operation, individuals have full
authority to stop work and initiate immediate corrective action or control. In addition, each worker has a right and
responsibility to report unsafe conditions or practices. This right represents a significant facet of worker
empowerment and program ownership. Through shared values and a belief that all accidents are preventable, our
employees accept personal responsibility for working safely.

Each employee is responsible for the following performance objectives:

e Understanding and abiding by CH2M HILL and client HSE programs, rules, procedures, processes, and training,
including any that are project-specific;
e Completing all required HSE training made available and accessible within established timelines;

e Always wearing any required personal protective equipment;
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e Intervening or stopping work for you or other CH2M HILL employees when an unsafe condition or behavior is
encountered or observed, and/or when an environmentally compromising condition exists;

e Promptly notifying a supervisor, PM, SC, or RHSM when an unsafe condition or behavior is observed, and/or
when an environmentally compromising condition exists;

e  Promptly reporting a supervisor, PM, SC, or RHSM all work-related health, safety , and environmental incidents
Or near misses;

e Attending required project HSE pre-task briefings and meeting prior to performing work; and

e Cooperating or assisting with HSE incident investigations.

3.5.1 Employee Authority

Each employee on the project has the obligation and authority to shut down any perceived unsafe work and during
employee orientation, each employee will be informed of their authority to do so.

3.6 CH2M HILL Subcontractors

Subcontractors must comply with the following activities, and are responsible to:

e Comply with all local, state, and federal safety standards;
e Comply with project and owner safety requirements;

e Actively participate in the project safety program and either hold or attend and participate in all required safety
meetings;

e Provide a qualified safety representative to interface with CH2M HILL;
e Maintain safety equipment and PPE for their employees;
e Maintain and replace safety protection systems damaged or removed by the subcontractor’s operations;

e Notify the SC of any accident, injury, or incident (including spills or releases) immediately and submit reports to
CH2M HILL within 24 hours;

e Install contractually required general conditions for safety (for example, handrail, fencing, fall protection
systems, floor opening covers);

e Conduct and document weekly safety inspections of project-specific tasks and associated work areas;

e Conduct site-specific and job-specific training for all subcontractor employees, including review of the
CH2M HILL safety plan, subcontractor safety plans, and subcontractor AHAs and sign appropriate sign-off
forms; and

e Determine and implement necessary controls and corrective actions to correct unsafe conditions.

Subcontractors may be required to submit their own site-specific safety plan and other plans such as lead or
asbestos abatement compliance plans. Subcontractors are responsible for the health and safety procedures
specific to their work, and are required to submit their plans to CH2M HILL for review and acceptance before the
start of field work.

Subcontractors are also required to prepare AHAs before beginning each activity posing hazards to their personnel.
The AHA shall identify the principle steps of the activity, potential health and safety hazards for each step and
recommended control measures for each identified hazard. In addition, a listing of the equipment to be used to
perform the activity, inspection requirements, and training requirements for the safe operation of the equipment
listed must be identified.
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3.7 Client Contractors

CH2M HILL project safety plans do not cover contractors that are contracted directly to the client or the owner.
CH2M HILL is not responsible for the health and safety or means and methods of the contractor’s work, and we
must never assume such responsibility through our actions (such as advising on health and safety issues). In
addition to these instructions, CH2M HILL team members should review contractor safety plans so that we remain
aware of appropriate precautions that apply to us. Self-assessment checklists are to be used by the SC and CH2M
HILL team members to review the contractor’s performance only as it pertains to evaluating CH2M HILL exposure
and safety. The RHSM is the only person who is authorized to comment on or approve contractor safety
procedures.

Health and safety-related communications with contractors should be conducted as follows:

e Request the contractor to brief CH2M HILL team members on the precautions related to the contractor’s work;

e When an apparent contractor non-compliance or unsafe condition or practice poses a risk to CH2M HILL team
members:
- Notify the contractor safety representative;
- Request that the contractor determine and implement corrective actions;
- If necessary, stop affected CH2M HILL work until contractor corrects the condition or practice; and
— Notify the client, PM, and RHSM as appropriate.

If apparent contractor non-compliance or unsafe conditions or practices are observed, inform the contractor safety
representative (CH2M HILL's obligation is limited strictly to informing the contractor of the observation; the
contractor is solely responsible for determining and implementing necessary controls and corrective actions).

If an apparent imminent danger is observed, immediately warn the contractor employee(s) in danger and notify the
contractor safety representative (CH2M HILL’s obligation is limited strictly to immediately warning the affected
individual(s) and informing the contractor of the observation; the contractor is solely responsible for determining
and implementing necessary controls and corrective actions).

All verbal health and safety-related communications will be documented in project field logbook, daily reports, or
other records.

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
3-5



4. Standards of Conduct

All individuals associated with this project must work injury-free and drug-free and must comply with the following
standards of conduct, and the safety requirements of CH2M HILL. Commonly accepted standards of conduct help
maintain good relationships between people. They promote responsibility and self-development.
Misunderstandings, frictions, and disciplinary action can be avoided by refraining from thoughtless or wrongful
acts.

4.1 Standards of Conduct Violations

All individuals associated with this project are expected to behave in a professional manner. Violations of the
standards of conduct would include, but not be limited to:

e Failure to perform work;
e Inefficient performance, incompetence, or neglect of work;
e  Willful refusal to perform work as directed (insubordination);

e Negligence in observing safety regulations, poor housekeeping, or failure to report on-the-job injuries or unsafe
conditions;

e Unexcused or excessive absence or tardiness;

e Unwillingness or inability to work in harmony with others;

e Discourtesy, irritation, friction, or other conduct that creates disharmony;
e Harassment or discrimination against another individual;

e Failure to be prepared for work by wearing the appropriate construction clothing or bringing the necessary
tools; or

e Violation of any other commonly accepted reasonable rule of responsible personal conduct.

4.2 Disciplinary Actions

The Environmental Services (ES) business group employees, employees working on ES business group projects, and
subcontractor employees are subject to disciplinary action for not following HSE rules and requirements. Potential
disciplinary action is equally applicable to all employees including management and supervision. Disciplinary action
may include denial of access to the worksite, warnings, reprimands, and other actions up to and including
termination depending on the specific circumstances.

4.3 Subcontractor Safety Performance

CH2M HILL should continuously endeavor to observe subcontractors’ safety performance and adherence to their
plans and AHAs. This endeavor should be reasonable, and include observing for hazards or unsafe practices that are
both readily observable and occur in common work areas. CH2M HILL oversight does not relieve subcontractors of
their responsibility for effective implementation and compliance with the established plan(s).

4.3.1 Observed Hazard Form

When apparent non-compliance or unsafe conditions or practices are observed, notify the subcontractor’s
supervisor or safety representative verbally, and document using the Observed Hazard Form, included as an
attachment to the project safety plan, and require corrective action.
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If necessary, stop subcontractor’s work using the Stop Work Order Form until corrective actions is implemented for
observed serious hazards or conditions. Update the Observed Hazard Form to document corrective actions have
been taken. The subcontractor is responsible for determining and implementing necessary controls and corrective
actions.

4.3.2 Stop Work Order

CH2M HILL has the authority, as specified in the contract, and the responsibility to stop work in the event any
CH2M HILL employee observes unsafe conditions or failure of the subcontractor to adhere to its safe-work
practices, or observes a condition or practice that may result in a release or violation of an environmental
requirement. This authority and action does not in any way relieve the subcontractor of its responsibilities for the
means and methods of the work or, therefore, of any corrective actions. Failure to comply with safe work practices
can be the basis for restriction or removal of the subcontractor staff from the job site, termination of the
subcontract, restriction from future work, or all three.

When an apparent imminent danger is observed, immediately stop work and alert all affected individuals. Remove
all affected CH2M HILL employees and subcontractor staff from the danger, notify the subcontractor’s supervisor
or safety representative, and do not allow work to resume until adequate corrective measures are implemented.
Notify the PM, Contract Administrator (KA) and RHSM.

When repeated non-compliance or unsafe conditions are observed, notify the subcontractor’s supervisor or safety
representative and stop affected work by completing and delivering the Stop Work Order Form (attached to the
project safety plan) until adequate corrective measures are implemented. Consult the KA to determine what the
contract dictates for actions to pursue in event of subcontractor non-compliance including work stoppage, back
charges, progress payments, removal of subcontractor manager, monetary penalties, or termination of
subcontractor for cause.

4.4 Incentive Program

Each project is encouraged to implement a safety incentive program that rewards workers for exhibiting exemplary
safety behaviors. Actions that qualify are those that go above and beyond what is expected. Actions that will be
rewarded include spotting and correcting a hazard, bringing a hazard to the attention of your foreman, telling your
foreman about an incident, coming up with a safer way to get the work done, or stopping a crew member from
doing something unsafe. The program will operate throughout the project, covering all workers. The incentive
program will be communicated to all employees during the project employee orientation and project safety
meetings.

4.5 Reporting Unsafe Conditions/Practices

Responsibility for effective health and safety management extends to all levels of the project and requires good
communication between employees, supervisors, and management. Accident prevention requires a pro-active
policy on near misses, close calls, unsafe conditions, and unsafe practices. All personnel must report any situation,
practice, or condition which might jeopardize the safety of our projects. All unsafe conditions or unsafe practices
will be corrected immediately. CH2M HILL has zero tolerance of unsafe conditions or unsafe practices.

No employee or supervisor will be disciplined for reporting unsafe conditions or practices. Individuals involved in
reporting the unsafe conditions or practices will remain anonymous.

The following reporting procedures will be followed by all project employees:

e Upon detection of any unsafe condition or practice, the responsible employee will attempt to safely correct the
condition;

e The unsafe condition or practice will be brought to the attention of the worker’s direct supervisor, unless the
unsafe condition or practice involves the employee’s direct supervisor. If so, the SC needs to be notified at once
by the responsible employee;
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Either the responsible employee or responsible employee’s direct supervisor is responsible for immediately
reporting the unsafe condition or practice to the SC;

The SC will act promptly to correct the unsafe condition or practice; and

Details of the incident or situation will be recorded by the SC in the field logbook or use the Observed Hazard
Form if subcontractor was involved.
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5. Safety Planning and Change Management

5.1 Daily Safety Meetings and Pre-Task Safety Plans

Daily safety meetings are to be held with all project personnel in attendance to review the hazards posed and
required HSE procedures and AHAs that apply for each day’s project activities. The Pre-Task Safety Plans (PTSPs)
serve the same purpose as these general assembly safety meetings, but the PTSPs are held between the crew
supervisor and their work crews to focus on those hazards posed to individual work crews.

At the start of each day’s activities, the crew supervisor completes the PTSP, provided as an attachment to the
project safety plan, with input from the work crew, during their daily safety meeting. The day’s tasks, personnel,
tools and equipment that will be used to perform these tasks are listed, along with the hazards posed and required
HSE procedures, as identified in the Handbook and AHA. The use of PTSPs promotes worker participation in the
hazard recognition and control process while reinforcing the task-specific hazard and required HSE procedures with
the crew each day.

5.2 Change Management

These Guidelines and the project safety plan address all known activities and associated hazards. As work
progresses, if significant changes are identified which could affect health and safety at the site, coordinate with the
RHSM to determine whether an update to the safety plan and/or these Guidelines are necessary. Follow the
change management protocol in the safety plan.

The following are examples of changes that may require a revision to the plan:

e Change in CH2M HILL staff;

e New subcontractor to perform work;

e New chemicals brought to site for use;

e Change in scope or addition of new tasks;

e Change in contaminants of concern (COCs) or change in concentrations of COCs; and

e New hazards or hazards not previously identified that are not addressed in these Guidelines or the project
safety plan.

5.3 Agency Inspection Guidance
(Reference CH2M HILL SOP HSE-201, Agency Inspections and Communications)

Agency inspections (e.g., OSHA, EPA, other regulatory agencies) are on the rise. CH2M HILL implements safety and
environmental programs in order to ensure safety to workers, the public, and the environment. Field personnel
need to contact the RHSM to update the project safety plan if hazards are encountered that are not addressed.

SOP HSE-201 addresses agency inspections in detail. It is critical to make immediate notification to the RHSM if an
inspector arrives (and EM if it is environmental-related); they can help facilitate and make additional notifications.

Review the Target Zero Bulletin attached to the project safety plan. Make it a topic at a safety meeting and keep it
readily available in the event of an inspection.
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6. Project Hazard Analysis

A health and safety risk analysis is performed for each task of a given project. In the order listed below, the RHSM
considers the various methods for mitigating the hazards. Employees are trained on this hierarchy of controls
during their hazardous waste training and reminded of them throughout the execution of projects:

e Elimination of the hazards (use remote sampling methodology to avoid going into a confined space);
e Substitution (reduce exposure to vapors by using of a geoprobe instead of test pitting);

e Engineering controls (ventilate a confined space to improve air quality);

e Warnings (establish exclusion zones to keep untrained people away from hazardous waste work);

e Administrative controls (implement a work-rest schedule to reduce chance of heat stress); or

e Use of PPE (use of respirators when action levels are exceeded).

Employees are trained on the hierarchy of controls during their hazardous waste training and reminded of them
throughout the execution of projects.

6.1 Activity Hazard Analysis

An AHA must be developed for each CH2M HILL field activity. The AHA shall define the work tasks required to
perform each activity, along with potential HSE hazards and recommended control measures for each hazard. In
addition, a listing of the equipment to be used to perform the activity, inspection requirements to be performed
and training requirements for the safe operation of the equipment listed must be identified. Workers are briefed
on the AHA before performing the work and their input is solicited prior, during, and after the performance of work
to further identify the hazards posed and control measures required.

6.2 Subcontractor Activity Hazard Analysis

CH2M HILL subcontractors are required to provide AHAs specific to their scope of work on the project for
acceptance by CH2M HILL. Each subcontractor shall submit AHAs for their field activities, as defined in their scope
of work, along with their project safety plan and procedures. Additions or changes in field activities, equipment,
tools, or material used to perform work or hazards not addressed in existing AHAs requires either a new AHA to be
prepared or an existing AHA to be revised.
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7. General Hazards and Controls

This section provides safe work practices and control measures used to reduce or eliminate potential hazards. Itis a
summarized list of requirements. Always consult the appropriate CH2M HILL SOP to ensure all requirements are
implemented.

7.1 Bloodborne Pathogens

(Reference CH2M HILL SOP HSE-202, Bloodborne Pathogens)

Exposure to bloodborne pathogens may occur when rendering first aid or cardiopulmonary resuscitation (CPR), or
when coming into contact with landfill waste or waste streams containing potentially infectious material (PIM).

Employees trained in first-aid/CPR or those exposed to PIM must complete CH2M HILL’s 1-hour bloodborne
pathogens computer-based training module annually. When performing first-aid/CPR the following shall apply:

e Observe universal precautions to prevent contact with blood or other PIMs. Where differentiation between
body fluid types is difficult or impossible, consider all body fluids to be potentially infectious materials;

e Always wash your hands and face with soap and running water after contacting PIMs. If washing facilities are
unavailable, use an antiseptic cleanser with clean paper towels or moist towelettes; and

e If necessary, decontaminate all potentially contaminated equipment and surfaces with chlorine bleach as soon
as possible. Use one part chlorine bleach (5.25 percent sodium hypochlorite solution) diluted with 10 parts
water for decontaminating equipment or surfaces after initially removing blood or other PIMs. Remove
contaminated PPE as soon as possible before leaving a work area.

CH2M HILL will provide exposed employees with a confidential medical examination should an exposure to PIM
occur. This examination includes the following procedures:

e Documenting the exposure;
e Testing the exposed employee’s and the source individual’s blood (with consent); and

e Administering post-exposure prophylaxis.

7.2 Chemical Storage
The following is general guidance for storing chemicals and other hazardous materials:
e Keep acids away from bases;

e Keep oxidizers (nitric acid, nitrates, peroxides, chlorates) and organics away from inorganic reducing
agents (metals);

e Keep flammables and corrosives in appropriate storage cabinets;

e Do not store paper or other combustibles near flammables;

e Use secondary containment and lipped shelving that is secured; and
e Have a fire suppression system available.

7.2.1 Storage of Flammable/Combustible Liquids

e Only approved containers and portable tanks shall be used for storage and handling of flammable and
combustible liquids.

e Approved safety cans shall be used for the handling and use of flammable liquids in quantities of 5 gallons
(19 liters) or less. Do not use plastic gas cans.
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For quantities of 1 gallon (3.78 liters) or less, the original container may be used for storage and use of
flammabile liquids.

Flammable or combustible liquids shall not be stored in areas used for stairways or normally used for the
passage of people.

7.2.2 Indoor Storage of Flammable/Combustible Liquids

No more than 25 gallons (95 liters) of flammable or combustible liquids shall be stored in a room outside of an
approved storage cabinet.

Quantities of flammable and combustible liquids in excess of 25 gallons (95 liters) shall be stored in an
acceptable or approved cabinet.

Cabinets shall be conspicuously lettered: “FLAMMABLE: KEEP FIRE AWAY.”

Not more than 60 gallons (228 liters) of flammable or 120 gallons (456 liters) of combustible liquids shall be
stored in any one storage cabinet. Not more than three such cabinets may be located in a single storage area.

7.2.3 Outside Storage of Flammable/Combustible Liquids

Storage of containers (not more than 60 gallons [228 liters] each) shall not exceed 1,100 gallons (4,180 liters) in
any one area. No area shall be within 20 feet (6.1 meters) of any building.

Storage areas shall be graded to divert spills away from buildings and surrounded by an earthen dike.

Storage areas may not be located near a storm drain. Overflow and spills must be diverted away from storm
drains or surface waters.

Storage areas shall be free from weeds, debris, and other combustible materials.

Outdoor portable tanks shall be provided with emergency vent devices and shall not be closer than 20 feet
(6.1 meters) to any building.

Signs indicating no smoking shall be posted around the storage area.

7.2.4 Storage of Hazardous Waste

All facilities storing ignitable and combustible liquids and hazardous wastes must be designed, constructed,
maintained, and operated to minimize the possibility of a fire, explosion, or any release of hazardous
constituents.

Flammable wastes should be stored more than 50 feet from the property line.

7.2.5 Storage of Chemical Injection Chemicals/Materials

When chemical injection remediation technologies are being used at a site, the following storage guidelines
must be followed:

Some injection chemicals, such as strong oxidizers, may have stringent storage requirements per local or
National Fire Codes. Verify that appropriate storage provisions are in place prior to starting work.

NOTE: Counties and cities may have requirements specific to storing these chemicals. Also, storage and use of
certain chemicals such as potassium permanganate and hydrogen peroxide may be subject to the new
Chemical Facility Anti-Terrorism Standards of the Department of Homeland Security — the applicability depends
on the chemical, quantity/concentration, and type of facility. Please contact the project Environmental
Manager to determine whether chemicals are subject to these standards.

Injection chemicals must be stored in a designated, secured area with spill prevention capabilities. Review
Safety Data Sheet (SDS) or other information to determine potential incompatible materials. Incompatible
materials shall not be stored together. Ensure all containers are labeled.
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7.3 Driving Safety

(Reference CH2M HILL HSE Policy 205, Distracted Driving — Wireless Devices, Vehicle Safety Core Standard)

All CH2M HILL employees are prohibited from using wireless devices while operating a motor vehicle when
conducting company business regardless of the location or vehicle ownership and whether or not during regular
working hours.

All CH2M HILL contractors and subcontractors are prohibited from using wireless devices while operating a
CH2M HILL- or CH2M HILL client-owned, leased, or rented motor vehicle, or while operating any other Motor
Vehicle on the project site.

Avoid distractions from wireless devices (e.g., mobile phones, smartphones, voice recognition systems, PDAs,
notebook, tablets, or laptops) by turning off or silencing the wireless devices before operating a motor vehicle.

e Prohibited use includes the following:

Dialing or speed dialing

Using a hands-free or voice recognition (blue tooth) device to dial or speed dial
Engaging in conversation or listening to a conversation using a wireless device
Checking emails or surfing the internet using a wireless device

Texting or e-mailing (reading, sending, or screening) with a wireless device

Programming or entering coordinates into a global positioning system (GPS) device (following directions by
a GPS is permitted)

Using a wireless device for voice recording or dictation

Employees, contractors, and subcontractors who need to use a wireless device must pull off the road to a
safe location, with the vehicle securely stopped and emergency flashers on, or wait until they reach their
destination.

Follow the guidance below when operating a vehicle:

e All vehicles have blind spots to the side and the rear. Follow these safe practices for backing up:

Walk around your vehicle prior to moving

Try to position your vehicle so that you don’t have to back up

Back into the space if possible when you’re parking

Back to the left, if possible, so that you can see objects on the driver’s side
Have a spotter guide your vehicle when you’re backing up

Apply GOAL (Get Out And Look)

e Obey speed limits; be aware of blind spots or other hazards associated with low visibility. Practice defensive
driving techniques, such as leaving plenty of room between your vehicle and the one ahead of you;

e Do no drive while drowsy. Drowsiness can occur at any time, but is most likely after 18 hours or more
without sleep;

e Maintain focus on driving. Eating, drinking, smoking, adjusting controls can divert attention from the road.
Take the time to park and perform these tasks when parked rather than while driving; and
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e Ensure vehicle drivers are familiar with the safe operation of vehicles of the type and size to be operated. Large
vehicles such as full size vans and pick-ups have different vision challenges and handling characteristics than
smaller vehicles.

7.4 Electrical Safety

(Reference CH2M HILL SOP HSE-206, Electrical Safety)

Below are the hazard controls and safe work practices to follow when using electrical tools, extension cords, and/or
other electrical-powered equipment or when exposed to electrical hazards. Ensure the requirements of the
referenced SOP are followed:

e Only qualified personnel are permitted to work on unprotected energized electrical systems;
e Only authorized personnel are permitted to enter high-voltage areas;

e CH2M HILL employees who might from time to time work in an environment influenced by the presence of
electrical energy must complete Awareness Level Electrical Safety Training located on the CH2M HILL Virtual
Office;

e Do not tamper with electrical wiring and equipment unless qualified to do so. All electrical wiring and
equipment must be considered energized until lockout/tagout procedures are implemented;

e Inspect electrical equipment, power tools, and extension cords for damage prior to use. Do not use defective
electrical equipment, remove from service;

e CH2M HILL has selected Ground Fault Circuit Interrupters (GFCls) as the standard method for protecting
employees from the hazards associated with electric shock;

— GFCls shall be used on all 120-volt, single phase 15 and 20-amphere receptacle outlets which are not part
of the permanent wiring of the building or structure.

e Anassured equipment grounding conductor program may be required under the following scenarios:
— GFClIs cannot be utilized;
— Client requires such a program to be implemented; or
— Business group decides to implement program in addition to GFCI protection.

e Extension cords must be equipped with third-wire grounding. Cords passing through work areas must be
covered, elevated or protected from damage. Cords should not be routed through doorways unless protected
from pinching. Cords should not be fastened with staples, hung from nails, or suspended with wire;

e Electrical power tools and equipment must be effectively grounded or double-insulated and Underwriters
Laboratory (UL) approved;

e Operate and maintain electric power tools and equipment according to manufacturers’ instructions;

e Maintain safe clearance distances between overhead power lines and any electrical conducting material unless
the power lines have been de-energized and grounded, or where insulating barriers have been installed to
prevent physical contact. Maintain at least 10 feet (3 meters) from overhead power lines for voltages of 50 kV
or less, and 10 feet (3 meters) plus 0.4 inches (1.0 cm) for every 1 kV over 50 kV;

e Temporary lights shall not be suspended by their electric cord unless designed for suspension. Lights shall be
protected from accidental contact or breakage; and

e Protect all electrical equipment, tools, switches, and outlets from environmental elements.

COPYRIGHT 2013 BY CH2M HILL. THE INFORMATION IN THIS DOCUMENT IS PROPRIETARY.”
7-4



7.5 Field Trailer/Office Setup and Maintenance

e Determine trailer placement by considering all potential hazards that could impact “office” work. Trailers
usually are placed in the support zone and out of construction zones. Think about what type of PPE will be
necessary when exiting the trailer, parking needs, biological hazards or other hazards that could impact
location.

e Check utility configuration prior to placement, including electrical, water, and sewer.

e Use spotters when placing trailer.

e Seton flat ground.

e Be sure trailer wheels are chocked.

e When disconnecting trailer from hitch—watch pinch points and wear leather gloves.

e Carefully jack trailer using the appropriately rated jacks and following manufacturer’s recommendations.
e Secure and anchor trailer to protect from wind or other severe weather.

e Place cones in front of hitch.

e Ensure proper stairs and secure stairs next to doors. Ensure stairs are “no slip” and that the platform or landing
of the stairs is flush the door threshold.

e Use only qualified electricians to establish electrical service.

e Consider ergonomics when furnishing trailer with desks and chairs.

e Place fire extinguishers near doors, and place signage.

e Put up emergency contacts, evacuation and rally point map, and route to the hospital
e Place right to know posters (OSHA required information).

e Place signage on exit doors.

e Never place porta-johns at HVAC intake (usually HVAC is located at the front of trailer).

e Have capability to properly store food—temporary field offices can quickly develop rodent issues if food is not
stored properly or the trailer isn’t cleaned regularly.

7.6 Field Vehicles

e Field vehicles may be personal vehicles, rental vehicles, fleet vehicles, or project vehicles.
e Maintain a first aid kit and bloodborne pathogen kit in the field vehicle.

e Assess whether maintaining a fire extinguisher in the field vehicle is feasible. If fire extinguishers are readily
available, for example on heavy equipment, or if the project is short duration, a fire extinguisher would not be
necessary. Fire extinguishers in field vehicles need to be properly secured and inspected on a monthly basis.

e Utilize a rotary beacon on vehicle if working adjacent to active roadway.
e Familiarize yourself with rental vehicle features prior to operating the vehicle:
— Vision Fields and Blind Spots

Vehicle Size

— Mirror adjustments

— Seat adjustments
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— Cruise control features, if offered

— Pre-program radio stations and Global Positioning System (GPS), if equipped
Always wear seatbelt while operating vehicle.

Adjust headrest to proper position.

Tie down loose items if utilizing a van or pick-up truck.

Close car doors slowly and carefully. Fingers can get pinched in doors.

Park vehicle in a location where it can be accessed easily in the event of an emergency. If not possible, carry
a phone.

Have a designated place for storing the field vehicle keys when not in use.

Ensure back-up alarms are functioning, if equipped. Before backing a vehicle, take a walk around the vehicle to
identify obstructions or hazards. Use a spotter when necessary to back into or out of an area.

See the Vehicle Incident Guidance attached to the project safety plan, if a vehicle incident is experienced in a
rental or fleet vehicle.

7.7 Fire Prevention

(Reference CH2M HILL SOP HSE-403, Hazardous Material Handling)

Follow the fire prevention and control procedures listed below.

7.7.1 Fire Extinguishers and General Fire Prevention Practices

Fire extinguishers shall be provided so that the travel distance from any work area to the nearest extinguisher
is less than 100 feet (30.5 meters). When 5 gallons (19 liters) or more of a flammable or combustible liquid is
being used, an extinguisher must be within 50 feet (15.2 meters). Extinguishers must:

— be maintained in a fully charged and operable condition;
— be visually inspected each month; and

— undergo a maintenance check each year.

The area in front of extinguishers must be kept clear.

Post “Exit” signs over exiting doors, and post “Fire Extinguisher” signs over extinguisher locations.
Combustible materials stored outside should be at least 10 feet (3 meters) from any building.

Solvent waste and oily rags must be kept in a fire resistant, covered container until removed from the site.

Keep areas neat. Housekeeping is important.

7.7.2 Dispensing of Flammable/Combustible Liquids

Areas in which flammable or combustible liquids are dispensed in quantities greater than 5 gallons (22.7 liters)
(shall be separated from other operations by at least 25 feet (7.6 meters).

Drainage away from storm drains or surface waters or other means of containment shall be provided to
control spills.

Adequate natural or mechanical ventilation shall be provided to maintain the concentration of flammable
vapor at or below 10 percent of the lower flammable limit.

Dispensing of flammable liquids from one container to another shall be done only when containers are
electrically interconnected (bonded).
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Dispensing flammable or combustible liquids by means of air pressure on the container or portable tanks
is prohibited.

Dispensing devices and nozzles for flammable liquids shall be of an approved type.

7.8 General Practices and Housekeeping

The following are general requirements applicable to all portions of the work:

Site work should be performed during daylight hours whenever possible;

Good housekeeping must be maintained at all times in all project work areas;

Common paths of travel should be established and kept free from the accumulation of materials;

Keep access to aisles, exits, ladders, stairways, scaffolding, and emergency equipment free from obstructions;
Provide slip-resistant surfaces, ropes, or other devices to be used;

Specific areas should be designated for the proper storage of materials;

Tools, equipment, materials, and supplies shall be stored in an orderly manner;

As work progresses, scrap and unessential materials must be neatly stored or removed from the work area;
Containers should be provided for collecting trash and other debris and shall be removed at regular intervals;
All spills shall be quickly cleaned up; oil and grease shall be cleaned from walking and working surfaces;

Review the safety requirements of each job you are assigned to with your supervisor. You are not expected to
perform a job that may result in injury or illness to yourself or to others;

Familiarize yourself with, understand, and follow jobsite emergency procedures;

Do not fight or horseplay while conducting the firm’s business;

Do not use or possess firearms or other weapons while conducting the firm’s business;

Report unsafe conditions or unsafe acts to your supervisor immediately;

Report emergencies, occupational illnesses, injuries, vehicle accidents, and near misses immediately;

Do not remove or make ineffective safeguards or safety devices attached to any piece of equipment;

Report unsafe equipment, defective or frayed electrical cords, and unguarded machinery to your supervisor;

Shut down and lock out machinery and equipment before cleaning, adjustment, or repair. Do not lubricate or
repair moving parts of machinery while the parts are in motion;

Do not run in the workplace;

When ascending or descending stairways, use the handrail and take one step at a time;

Do not apply compressed air to any person or clothing;

Do not wear steel taps or shoes with metal exposed to the sole at any CH2M HILL project location;

Do not wear finger rings, loose clothing, wristwatches, and other loose accessories when within arm’s reach of
moving machinery;

Remove waste and debris from the workplace and dispose of in accordance with federal, state, and local
regulations;

Note the correct way to lift heavy objects (secure footing, firm grip, straight back, lift with legs), and get help if
needed. Use mechanical lifting devices whenever possible; and

Check the work area to determine what problems or hazards may exist.
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7.9 Hazard Communication
(Reference CH2M HILL SOPs HSE-107, Hazard Communication and HSE-403, Hazardous Material Handling)
The hazard communication coordinator is to perform the following:

e Complete an inventory of chemicals brought on site by CH2M HILL using the chemical inventory form included
as an attachment to the project safety plan;

e Confirm that an inventory of chemicals brought on site by CH2M HILL subcontractors is available;

e Request or confirm locations of safety data sheets (SDSs) from the client, contractors, and subcontractors for
chemicals to which CH2M HILL employees potentially are exposed;

e Before or as the chemicals arrive on site, obtain an SDS for each hazardous chemical and include on the
chemical inventory sheet (attached to the project safety plan) and add the SDS to the SDS onsite notebook;

e Label chemical containers with the identity of the chemical and with hazard warnings, and store properly;

e Give employees required chemical-specific HAZCOM training using the chemical-specific training form included
as an attachment to the project safety plan; and

e Store all materials properly, giving consideration to compatibility, quantity limits, secondary containment, fire
prevention, and environmental conditions.

7.10 Knife Use

Open-bladed knives (for example, box cutters, utility knives, pocket knives, machetes, and multi-purpose tools
with fixed blades such as a Leatherman™) are prohibited at worksites except where the following three conditions
are met:

e The open-bladed knife is determined to be the best tool for the job;

e An approved Activity Hazard Analysis (AHA) or written procedure is in place that covers the necessary safety
precautions (work practices, PPE, and training); and

e Knife users have been trained and follow the AHA

e Employees are responsible for using cutting tools in the way they are intended, maintaining them in good
working order and reporting faulty or unusable items. PPE as specified in the AHA is to be used.

e Those engaging and supervising subcontractors are to ensure that the requirements of this policy are
communicated.

e The most appropriate gloves shall be identified within the AHA. In general, cut resistant gloves (e.g., Kevlar)
are to be worn when using a knife in an occupational setting. Other types of gloves may be required and will
be identified within the AHA. An example may be leather gloves may be worn when using the acetate
sleeve cutter.

o All employees that will use a cutting tool must be trained in the proper use.

e Position the item to be cut on a stable surface. Secure it to prevent slippage, wherever possible. Select a work
location which does not put your body in the line of fire of a knife slippage or failure.

e When using a knife do not cut towards yourself.

e When cutting, make the force of the cut carry the blade away from any part of your body. If you have a
situation where this is not possible, protect yourself with a leather apron, or other material placed between
you and the blade. Consider putting the material to be cut in a vise, or other holding device.

e Many tasks using a utility knife require a knife edge but not a sharp point. For these tasks you can add
protection against puncture wounds by using a rounded-tip blade.
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e In general, a pocket knife if not the preferred tool of choice as there are alternatives (e.g., retracting safety
blade). If you use a folding knife, it must be a locking blade type. Never use a knife that will fold under pressure.
If you use a fixed blade knife, make sure there is a handle guard to keep your hand from slipping forward. Also,
make sure the handle is dry and non- greasy/slippery to assure a better grip. If you carry a fixed blade knife, use
a sheath or holder.

e Store utility knives safely, retract the blade or sheath an open blade before storing. Never, leave a knife with
the blade exposed on the floor, on a pallet, on a work surface, or in a drawer or cabinet.

e Keep your knife sharp. A dull blade requires you to use more force to cut, and consequently increases the risk
of slip or mistake.

e Knives used on the job, but not carried with you, must be properly stored when not in use
o Never use a defective knife.

e  Utility knife blades are brittle and can snap easily. Don’t bend them or apply side loads to them by using them
to open cans or pry loose objects. Use the knife only to cut. It was not designed to work as a pry bar,
screwdriver, or hole punch.

7.11 Lighting

Lighting shall be evaluated when conducting work inside buildings, confined spaces, or other areas/instances where
supplemental light may be needed (e.g., work before sunrise or after sunset). A light meter can be used to evaluate
the adequacy of lighting. The following are common requirements for lighting and the conditions/type of work
being performed:

e While work is in progress outside construction areas shall have at least 33 lux (Ix);
e  Construction work conducted inside buildings should be provided with at least 55 lux light;

e The means of egress shall be illuminated with emergency and non-emergency lighting to provide a minimum
11 Ix measured at the floor. Egress illumination shall be arranged so that the failure of any single lighting unit,
including the burning out of an electric bulb will not leave any area in total darkness.

7.12 Manual Lifting

(Reference CH2M HILL SOP HSE-112, Manual Lifting)

Back injuries are the leading cause of disabling work and most back injuries are the result of improper lifting
techniques or overexertion. Use the following to mitigate the hazards associated with lifting:

e When possible, the task should be modified to minimize manual lifting hazards;

e Lifting of loads weighing more than 40 pounds (18 kilograms) shall be evaluated by the SC using the Lifting
Evaluation Form contained in SOP HSE-112;

e Using mechanical lifting devices is the preferred means of lifting heavy objects such as forklifts; cranes, hoists,
and rigging; hand trucks; and trolleys;

e Personnel shall seek assistance when performing manual lifting tasks that appear beyond their physical
capabilities;

e In general, the following steps must be practiced when planning and performing manual lifts: Assess the
situation before you lift; ensure good lifting and body positioning practices; ensure good carrying and setting
down practices; and

e All CH2M HILL workers must have training in proper manual lifting training either through the New Employee
Orientation or through Manual Lifting module located on the VO.
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7.13 Personal Hygiene

Good hygiene is essential for personal health and to reduce the potential of cross-contamination when working on
a hazardous waste site. Implement the following:

e Keep hands away from nose, mouth, and eyes during work;
e Keep areas of broken skin (chapped, burned, etc.) covered; and

e Wash hands with soap and water prior to eating, smoking, or applying cosmetics.

7.14 Personal Security

Follow the guidelines below for personal security measures. The RHSM and Firm-Wide Security Office can be
contacted if additional, specific measures are needed (e.g., such as evaluating the needs for security service).

General Safety and Security Guidelines
CH2M HILL Corporate Security Department recommends the following guidelines for workers in the United States:

e Stay alert and be aware of your surroundings. Avoid pre-occupations with mobile devices, while in an
unfamiliar area.

e Whenever possible use the buddy system with another employee or client or subcontractor employee.
e Trust your intuition; if a situation appears strange or wrong, it probably is.

e Be confident in your walk or stride; do not give the appearance you are new in town.

e Avoid carrying and displaying large sums of cash.

e If you sense or see dangerous situations along your route, change your route and depart the area quickly. If you
feel that you are being followed, go to the nearest police station or safe location and file a complaint with the
police. Provide a description of the person, their vehicle, license plate number and any other useful
information.

e Only walk short distances that are safe and secure while visiting an unfamiliar city or location.
e Take host approved transportation for long distances.

e “Fight or Flight?” Leaving the possible or dangerous area is always better than staying to fight.
e Always report suspicious activity to the nearest local law enforcement agency.

e Locate emergency exits in your hotel or where you are staying to ensure you know where to go in case of a fire
or a natural or man-made disaster.

e Secure your electronic devices when left in your room or take them with you if you are not able to secure them
properly.

e Ifyou feel your life is in danger, call 911. Be sure to speak clearly, concisely and give the dispatcher a good
description of where you are physically located.

Operating or Riding in Vehicles

e When waiting for public transportation or a taxi, remain in a store or restaurant as long as possible before
catching your ride and never wait by yourself in an isolated area.

e Approach your vehicle with keys firmly in your hand and ready to unlock the car.
e Quickly check your car before entering it to determine damage or presence of an intruder.

e Vulnerable times can be stopping to find your keys to enter your vehicle or stepping out of your vehicle in an
isolated area. Be aware of your surroundings before you perform these activities.
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Always keep your doors locked during transit and when the vehicle is parked.

Never leave your vehicle unlocked, even when to performing a quick task such as checking in a hotel, getting
gas or going picking up food.

If confronted by an individual inside a vehicle pointing a weapon at you, run the opposite way from where the
vehicle is facing and scream as loud as you can. This evasive action will probably cause the individual to drive
away.

If an individual in a passing car points at your tires or engine to indicate a malfunction, only pull overin a
well-lit and populated gas or rest stop. Never pull over in an isolated or dimly lit area. You may have a
malfunction or the passing motorist may be attempting to rob you.

Always park your vehicle is a well-lit and secure area. If your vehicle is parked in a dimly lit or isolated area in a
parking garage; ask an attendant or friend to accompany you to your vehicle.

Secure your valuables in the trunk, or place them out of sight or cover them with a blanket or coat if there is no
secure storage area in the vehicle. The would-be-perpetrator likes to see what to steal and not knowing what
you have concealed will normally prevent a break in.

Riding in a Taxi

Have your host or a designated travel agent suggest or reserve a reputable taxi service for you during your stay.
Only use a taxi service that was vetted for safety and reliability.
If possible, place luggage, laptop and personal belongings inside the taxi.

When you first enter the taxi, check the driver photo identification card, normally located on the driver’s visor
with the driver to ensure they match.

Walking

If you experience automotive trouble, remain inside the locked vehicle and call for assistance.
If you can’t reach assistance via a mobile phone, only walk for help in a safe area facing the traffic.

If while walking, you are shadowed or followed by a vehicle, run back in the direction of your vehicle and enter
the vehicle if possible. File a police report on the incident as soon as practicable.

Be aware of your surroundings and those around you while walking and do not be distracted by using
electronic devices.

Regularly change your route if you are walking to and from meetings or conferences and choose only well-lit
areas to walk in at n