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Re: Nitrate Investigation Revised Phase 1 Work Plan -- Nitrate Investigation at the
White Mesa Mill Site -- Docket No. UGW(09-03

Dear Mr. Lundberg:

Pursuant to paragraph 2 of the Tolling Agreement, Rev. 1, dated April 28, 2011 between
Denison Mines (USA) Corp. (“Denison”) and the Co-Executive Secretary of the Utah Water
Quality Board, please find enclosed Denison’s revisions, dated May 13, 2011, to the Nitrate
Investigation Revised Phase 1 Work Plan, White Mesa Mill Site, Blanding Utah.

This revision has been prepared in response to comments from Utah Division of Radiation
Control and URS Corporation dated May 11, 2011. The revision has been provided in both clean
blackline and track changes (“redline”) format for ease of review.

The responses to comments are summarized below. Each response below has been identified by
the number of the corresponding comment in the May 11, 2011 letter.

1. No response required.

2. The change has been made as requested. Text has been added to Section 1 indicating that
every reference to nitrate or ammonia, refers to “as nitrogen” whether specified in the
text or not.

3. The change has been made as requested. During a phone conversation with Tom
Rushing, Denison agreed to remove the majority of the text in Section 1.1.1 (not delete
the section) and to commit to detailed description of all sources in the Phase 2 to 5 work
Plan. These changes have been made.

4. The change has been made as requested.
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26.
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28.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested. The procedures for the QuanTab test kits, for
inclusion in Appendix E, will be provided under separate cover.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested. A detailed two page boring log has been
provided along with supplemental pages of “backup” instructions for logging.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested.

The change has been made as requested. All the requested information has been
provided in two tables. However, the information has been distributed between the two
tables somewhat differently. That is, it was possible to fit the majority of requested
information in Table 1.

The change has been made as requested.

The change has been made as requested.

If you have any further questions please contact me at 303-389-4132.

Yours very truly,
Jo Ann S. Tischler
Director, Compliance and Permitting
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1.0 INTRODUCTION

Denison Mines (USA) Corp. (DUSA) received a Request for Voluntary Plan and Schedule to
Investigate and Remediate Nitrate Contamination at the White Mesa Mill (the “Mill”) Site, near
Blanding, Utah (the “Request™) from the Co-Executive Secretary (the “Co-Executive Secretary™)
of the Utah Water Quality Board, of the Utah Department of Environmental Quality (UDEQ) on
September 30, 2008. In the Request, the Executive Secretary noted that groundwater nitrate as
nitrogen levels have exceeded the State water quality standard of 10 milligrams per liter (mg/L)
in certain monitoring wells at the Mill Site. For the remainder of this document, any reference to
nitrate or ammonia, whether or not the reference specifies “as N”, means the analyte “as
nitrogen”.

As a result of the Request, DUSA agreed to submit a plan of action and a schedule for Co-
Executive Secrelary approval for completion of a Contamination Investigation Report (“CIR”) to
determine the physical cause(s), location(s), transfer mechanism(s) and characteristics of all
source(s) of the nitrate contamination in order to form a basis for and facilitate later submittal of
a groundwater Corrective Action Plan (“CAP”) that meets the requirements of Utah
Administrative Code (UAC) R317-6-6.15D, or to demonstrate conclusively that DUSA did not
cause or contribute to the nitrate contamination in any manner and that, as a result, such a CAP is
not necessary. Subsequently, in a letter dated December 1, 2009, UDEQ noting that elevated
chloride concentrations exist, apparently coincident with elevated nitrate concentrations,
recommended that DUSA also address and explain the elevated chloride concentrations.

DUSA and the Co-Executive Secretary entered into a Stipulated Consent Agreement Docket No.
UGWO09-03 dated January 27, 2009 (“Consent Agreement”) related to nitrate contamination at
the Mill. Pursuant to Item 6.A of the Consent Agreement, DUSA submitted a Nitrate
Contamination Investigation Report, White Mesa Uranium Mill Site, Blanding Utah, dated
December 30, 2009 (CIR) to the Utah Division of Radiation Control (“DRC”). By a letter dated
October 5, 2010, the Co-Executive Secretary notified DUSA of his determination that the CIR is
incomplete.

By an email transmitted to the Co-Executive Secretary on October 20, 2010, and pursuant to
Iltem 11 of the Consent Agreement, DUSA requested an amendment to the deadline stipulated in
item 7.C of the Consent Agreement DUSA requested item 7.C be amended as follows: a. DUSA
representatives would meet with the Co-Executive Secretary and his legal counsel within two
weeks from the date of the email to discuss the legal responsibilities of DUSA with respect to the
nitrate contamination; b. Once the legal responsibilities of DUSA with respect to the nitrate
contamination have been determined, DUSA would, within 30 days after such a determination

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 1 May 6, 2011
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was made, submit to the Co-Executive Secretary for approval a plan and schedule to perform any
further investigations that may be required in order to remedy any such omissions, content
requirements or failures of performance standards, and to submit a revised CIR; and c. DUSA
would perform such investigations and submit a revised CIR in accordance with the agreed upon
plan and schedule. At an October 26, 2010, meeting with the Co-Executive Secretary, DRC staff
and legal counsel DUSA reported that it was premature to submit a schedule for submittal of
performance standards and a Corrective Action Plan for the nitrate contamination. In turn,
DUSA presented a new theory for a possible source of the nitrate and chloride contamination
beneath the Mill, based on DUSA’s review of the scientific literature (New Theory), specifically,
that the nitrate contamination source is or could be caused by naturally occurring nitrate and
chloride salt deposits located in the vadose zone near or benecath the Mill site area, which have
been mobilized by natural and/or artificial recharge. The parties agreed that this New Theory
warranted additional investigation, along with certain of the other additional studies suggested in
the October 5, 2010 DRC Notice. DUSA submitted via email on November 15, 2010, a letter
setting out the additional studies to be considered that have been identified to date, including the
additional studies suggested in the October 5, 2010 DRC Notice, proposed additional studies
relating to the New Theory, and other additional studies that DUSA believes may be relevant. At
a November 30, 2010 meeting between DRC Staff and DUSA technical and regulatory staff,
DUSA presented a number of additional studies (herein "Additional Studies") to be performed
by DUSA in order to complete the CIR. The Co-Executive Secretary and DUSA further agreed
that DUSA would prepare a detailed plan and schedule (the "Plan and Schedule") for performing
such studies and for submittal of a revised CIR that meets the requirements of all applicable
regulations on or before February 15, 2011, During the November 30, 2010 meeting, it was
agreed that both the Plan and Schedule and the revised CIR will be subject to Co-Executive
Secretary approval. DUSA’s commitment to prepare and submit the Plan and Schedule is set out
in a Tolling Agreement (the “Tolling Agreement”) dated December 15, 2010 between DUSA
and the Co-Executive Secretary.

DUSA submitted a draft Work Plan on February 14, 2011. During subsequent discussions with
DRC staff, the Co-Executive Secretary and DUSA agreed that the additional studies could
require as many as five phases, and the schedule should include points of consultation between
phases at which the Co-Executive Secretary and DUSA could evaluate and agree on the
redirection, addition, or elimination of subsequent phases.

The Tolling Agreement was revised on April 28, 2011, to allow time for:

e DUSA to prepare and submit a Revised Work Plan for Phase 1 (by May 6, 2011)

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 2 May 6, 2011
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* DUSA to prepare and submit a revised Work Plan Revised Phases 2 through 5 (by June
3, 2011), including a Conceptual Site Model of potential nitrate sources,

e The Co-Executive Secretary to review and approve the revised Work Plans, including
modifications,

e The Co-executive Secretary and DUSA to agree on a revised or replacement Consent
Agreement that incorporates the deliverables and timelines in the approved Phase 2
through 5 Work Plan.

This document is the revised Phase 1 Work Plan for Phase 1A, B, and C, which is being
submitted in accordance with Revised Tolling Agreement and which contains details for the
execution of Phase 1 as described in Attachment 1 of the Revised Tolling Agreement. The
purpose of this Revised Phase 1 Work Plan is to allow field investigations to begin as early as the
week of May 16, 2011, if possible, while the Phase 2 through 5 Work Plan and conceptual site
model (CSM) are developed. The Phase 2 through 5 Work Plan will include a schedule for
submission of activities and reporting for the remaining phases, including updates of the CSM, to
be incorporated into a Revised Consent Agreement.

1.1 Problem Definition

Groundwater from Site monitoring wells has been sampled in a number of wells on site since
1978 and nitrate has been measured as nitrate-+nitrite and reported as nitrogen. Nitrate (NO3-)
and nitrite (NO2-) are naturally occurring inorganic ions that are part of the nitrogen cycle.
Because nitrite is easily oxidized to nitrate, nitraie is the compound predominantly found in
groundwater. As mentioned in Section 1, above, nitrate levels in several wells on site have
exceeded the Utah Groundwater standard of 10 mg/L.

With respect to the amount and concentration of nitrate in the plume, the highest nitrate level that
has been detected at the Site is 69 mg/L in monitor well TWN-2 in a sample collected on June 2,
2010. Nitrate levels in that well have declined and the most recently measured value in a sample
of groundwater, taken on February 1, 2011is 43 mg/L. Typical concentrations in the area of the
nitrate plume range from 5 mg/L to 25 mg/L.

Chloride is considered to be a major element that occurs in almost all groundwater (Hem, 1992)
and occurs as a chloride ion (Cl-). There is no human health standard for chloride in
groundwater. The US Environmental Protection Agency (EPA) Standard for chloride in drinking
water (250 mg/L) is an aesthetic standard related to the salty taste of water with chloride
concentrations in excess of that amount, The recommended EPA criterion for the propagation of
wildlife is 1,500 mg/L.

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 3 May 6, 2011

N\Nirate Pian and consent agresmentiPhase 1 WFI05.13.11 Phase 1 WP FinallDUSA_Nitrate_Ph 1 WP psr URS COmMmMEnts clean decx



With respect to the amount and concentration of chloride in the plume, the highest chloride level
that has been detected at the Site is 1,180 mg/L, in monitor well TW4-24 in a sample collected
on September 10, 2008. Chloride levels in that well have declined and the most recently
measured value in a sample of groundwater, taken on February 17, 2011, is 1,100 mg/L. Typical
concentrations in the area of the nitrate plume range from 100 mg/L to 300 mg/L.

1.1.1 Purpose of the Investigation
Based on discussions culminating in the revised tolling agreement, DRC and DUSA have agreed

to conduct the nitrate investigation in phases. The multi-phased program is designed to evaluate
a number of potential sources of nitrate and chloride that may have contributed 1o the identified
plume, including Mill related sources, and non-Mill sources, including sources resulting from
historic use. The phased approach will include development of a conceptual site model that will
be refined as the investigation progresses and will be used by DRC and DUSA at several
decision junctures to:

1. determine which sources should be removed from further consideration
2. assist in quantifying the relative contribution of the remaining sources
3. determine whether or not to proceed with future phases of the investigation.

The purpose of the Phase 1 investigation is to determine background concentrations of nitrate
and chloride in the alluvial soil column in undisturbed areas in the vicinity of the Mill, to identity
whether a natural nitrate and chloride reservoir exists in the alluvial soil, and to compare nitrate
and chloride concentrations found in soil near potential Mill sources to background
concentrations,

There are several potential sources of nitrate and chloride at the Mill and in the vicinity of the
Mill. Such sources include septic leach ficlds, municipal sewage plant discharge water used
historically as mill water makeup, livestock activity at the wildlife ponds and the historic pond,
the former flyash pond, laboratory chemical spills, and former military uses of the site. Another
potential source is a natural reservoir of nitrate and chloride as has been identified in the
scientific literature (Walvoord, et al., 2003, Scanlon, et al., 2005 and others). As required by the
revised tolling agreement, each of the Mill-related and non-Mill sources will be described in
detail and incorporated into specific hypotheses to be tested, in the revised Phase 2 through
Phase 5 Work Plan to be submitted on June 3, 2011. The remainder of this document addresses
the field and laboratory tasks for Phase 1 only.

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 4 May 6, 2011

NANiate: Plan and congent agresmentiPhase 1 WRI05 13 11 Fhase 1 WP Fins\DUSA_Nitrals_Ph 1 W per URS COMMENtS Clean doox



II'I ’!A

The Phase 1 investigation will use direct push technology (Geoprobe) borings to collect sub-
surface alluvial soil in and around the Mill which will be analyzed for the presence of nitrate and
chloride concentrations. The Investigation is divided into three phases, summarized here. Details
of each part of the Phase 1 investigation are provided in Section 1.2, below.

Phase 1 A - Geoprobe investigation in Undisturbed Locations

This phase of the investigation is designed to quantify naturally occurring (i.e. “background™)
nitrate and chloride concentrations in alluvial soil at the Site and to explore for a naturally
occurring nitrate reservoir. Background concentrations will be established advancing Geoprobe
direct push machine (Geoprobe) borings at each of 20 locations spread across the Site (Figure 1),
selected to represent areas which have not undergone irrigation or other forms of culturally-
induced surface water recharge. This selection process is designed to maximize the opportunity
of finding soil chemistry that reflects only natural cycles of wetting and drying from precipitation
and evapotranspiration. The presence of such a nitrate and chloride reservoir would suggest that
these concentrations could be present throughout the White Mesa alluvial soil column and could
be mobilized to groundwater as the result of increased surface water recharge due to irrigation,
surface water impoundment, canal leakage, or other recharge processes, Frequency of borings
and sample collection is discussed in detail in Section 2.

Phase 1B - Geoprobe Investigation of Potential Nitrate Source Locations

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site in locations where past or ongoing activities may have contributed nitrate
and/or chloride to the soil and/or groundwater. The potential nitrate source locations include up
to seven (7) leach fields, as well as other installations such as ammonia tanks, a sewage vault,
and Lawzy Lake, a former pond that may have held contaminated water. The potential source
locations and details of this phase of the investigation are discussed in Section 2.

Phase 1C - Geoprobe Investigation of Other Potential Nitrate Sources

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site at seven additional locations identified by DUSA for comparison to the
background of naturally occurring concentrations established in Phase 1A. At each Geoprobe
location, DUSA may choose to collect three (3) discrete one-foot core samples from the bottom
one-foot of each of the following intervals: the first 1/3, second 1/3, and third 1/3 depth, based on
the total depth of penetration at each site. DUSA may use the Nitrate Field Test to determine
whether nitrate concentrations are detectable and whether a sample will be sent to an approved
analytical laboratory for analysis. For any boring where soil core samples will be sent for
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laboratory analysis, DUSA will that the standards of representativeness described under Phase
1A are met. Any such soil laboratory results may then be compared to the site background soil
concentrations. The seven additional locations and details of this phase of the investigation are
described in Section 2.

1.1.2 Site Description and Background
The Site is a uranium mill with a vanadium co-product recovery circuit, located within the

Colorado Plateau physiographic province approximately 5 miles south of the city of Blanding,
Utah. Mill construction began in 1979, and conventionally mined uranium ore was first
processed in May 1980. Over its 25 year operating history the Mill has processed over 4 million
tons of conventionally mined and alternate feed uranium ores for the recovery of 25 million
pounds of U308 and 34 million pounds of vanadium to date.

Potential on Site sources of nitrate and chloride addressed in the CIR (INTERA, 2009) include:

e the septic leach fields at the site;

* the municipal sewage plant discharge water used historically as Mill water makeup;

e livestock activities at the wildlife ponds;

e livestock activities at the Historic Pond:

» agricultural activities;

o the former Fly Ash Pond;

e potential historic spills of ammonia-bearing and/or chloride-bearing process chemicals;
e potential breach in the Mill circuit floor drains or tailings transfer lines; and

e apotential leak in the Mill’s tailings cells.

Hydrologic considerations presented in the CIR preclude all but the following as candidate
potential sources:

e the waters from the Frog Pond, the Upper Wildlife Pond, Lawzy Lake and the Lawzy
Sump, including potential livestock activity ncar the wildlife ponds;

= possible livestock activily near the Historic Pond; and

» possible influences from septic leach ficlds at the site, in particular the SAG Leach Field
and the Main Leach Field.

The other potential sources on Site are downgradient of the nitrate plume, ruling them out. In
addition, contamination due to spills would appear to be too small and infrequent to give rise to
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the identified plumes, and there is no apparent reason to expect a breach in process facilities and
drains that would give rise to the plume.

Site Status

The Mill was in standby status from November 1999 to April 2002. During the standby period,
the Mill received and stockpiled alternate feed materials from the Ashland 1 and Linde formally
utilized sites remedial action program sites, as well as other sources of alternate feed materials.

During the period from April 2002 to May 2003, the Mill processed 266,690 tons of alternate
feed materials, Subsequently the Mill entered standby mode but continued to stockpile alternate
feed materials.

Uranium Mills are licensed to operate either by the US Nuclear regulatory Commission (“NRC”)
or by statc agencies which have received authorization to implement NRC’s licensing program
under the Atomic Energy Act (“Agreement States”). The Mill received its initial source material
license from the U.S. Nuclear Regulatory Commission in 1980. The State of Utah became an
agreement state in 2005, at which time regulatory authority for the Mill passed to the Utah DRC.
The Mill is regulated under Utah Radioactive Materials License UT 1900479. Groundwater
quality is regulated by the Mill’s Utah Groundwater Discharge Permit UGW370004.

The Mill is currently operating, having commenced operations in March 2005, with the
processing of Cameco alternate feed materials. The Mill has since processed natural ores and
alternate feeds. Alternate feeds have been processed both in the main mill circuit and the
alternate feed circuit, constructed in 2009.

Physical Setting

The Mill is located near the western edge of the Blanding Basin within the Canyonlands section
of the Colorado Plateau physiographic province. Broad, generally horizontal uplift and
subsequent erosion have produced topography consisting of high plateaus, mesas, buttes,
monuments, and deep canyons incised into the relatively flat-lying Mesozoic and Paleozoic
sedimentary rocks.

Northeast of the Mill site, igneous intrusions forming the core of the Abajo Mountains have
disturbed the classic flat-lying Colorado Plateau stratigraphy, resulting in uncharacteristic local
folding and faulting of sedimentary rocks. The Abajo’s rise to more than 11,000 feet above mean
sea level (msl), and have likely provided a source of sediments to the Mill site (5,600 feet above
msl) during intrusion and disturbance of older rocks.
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Quaternary deposits overlie the sequence of Mesozoic rocks present in the region. The
Cretaceous Mancos Shale and Dakota Sandstone represent the local top of the Mesozoic section
in the region and are underlain by the Lower Cretaceous Burro Canyon Formation. This unit is
underlain in turn by the Jurassic Morrison Formation (includes the Brushy Basin, Westwater
Canyon, Recapture, and Salt Wash Members), Summerville Formation, Entrada Sandstone, and
the Navajo Sandstone. The Navajo is underlain by the Jurassic Kayenta Formation, which in turn
is underlain by Triassic Chinle and Moenkopi Formations. Paleozoic sedimentary rocks underlie
these Mesozoic units.

Cretaceous geologic units that stratigraphically overlie the Burro Canyon Formation regionally
(Mancos Shale and Dakota Sandstone) have been removed by erosion in the vicinity of the Mill,
Thus, the lower Cretaceous Burro Canyon Formation (already present during the Mid-Tertiary
Abajo igneous intrusive event) is directly overlain by Quaternary deposits at the Mill site. The
Quaternary colluvial/alluvial sediments are typically coarse-grained deposits that contain little
water. The Burro Canyon Formation is described as interbedded conglomerate and grayish-green
shale with light-brown sandstone lenses deposited in a fluvial environment (Aubrey, 1989). The
average thickness of the unit is approximately 75 feet (US Department of Energy [DOE], 2004).

The Burro Canyon Formation hosts the uppermost occurrence of groundwater at the site.
Groundwater in this unit is perched (i.e., isolated from groundwater that occurs in geologic units
that underlie the Burro Canyon Formation). Perched water is supported by the relatively
impermeable, underlying, fine-grained Brushy Basin Member of the Morrison Formation. The
permeability of the Burro Canyon Formation is generally low. Some conglomeratic zones may
exist east to northeast of the tailings cells, potentially explaining a relatively continuous zone of
higher permeability. The saturated thickness of the perched groundwater zone ranges from
approximately 82 feet in the northeast portion of the site to less than 5 feet in the southwest
portion of the site (DOE, 2004). Groundwater isopleths based on water level data collected in
2010, indicate that flow in the perched zone is generally from northeast to southwest, although in
the eastern portion of the site the gradient has a more southerly component.

Groundwater in the regional Entrada/Navajo aquifer is under artesian pressure (upward flow
gradient) providing a hydrologic barrier to any potential seepage from overlying geologic units.
Perched groundwater within the Burro Canyon Formation is characterized by low yields and is
generally of poor quality, containing moderate to high concentrations of chloride, sulfate, and
total dissolved solids (Hunt, 1996),
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1.1.3 Summary of Previous Investigations
Previous investigations with respect to the presence of nitrate in groundwater under the Mill

include a Nitrate and Chloride Source Review Memo (Tischler, 2009), a Nitrate Contamination
Investigation Report (CIR) (INTERA, 2009), Initial Nitrate Monitoring Report (DUSA, 2009),
and quarterly nitrate and chloride reporting to the DRC (DUSA, 2010-2011), and ongoing
investigations into historic land uses, which have not yet been published.

The Nitrate and Chloride Source Review Memo (Tischler, 2009) identifies and discusses
potential nitrate sources at the Mill, including septic leach fields, municipal sewage plant
discharge water used historically as mill water makeup, livestock activities at the wildlife ponds
and the historic pond, the former fly ash pond, potential historic spills of ammonia-bearing
process chemicals, potential breach in the mill circuit floor drains or tailings transfer lines, mill
laboratories, and a potential leak in the Mill’s tailing cells. The Memo also discusses potential
historical sources and off-site sources. The Memo concludes that the most likely source for
nitrate and chloride comes from upgradient of the current plume in the municipal sewage plant
discharge water used historically as mill water makeup, possible livestock activity near the
historic pond, and possible influences from septic leach fields at the Site, in particular, the SAG
leach field and the Main Leach Field. Since the Publication of the Nitrate and Chloride Source
Review Memo, DUSA’s understanding of historic land uses has continued to be updated through
literature, internet, and other land use studies, discussed below.

Land uses proximal to the Mill include farming, ranching, cattle grazing and feed and grain silos,
A further evaluation of historical land use in the vicinity of the Site will be performed in order to
supplement the source evaluation (the “Source Review Report™) that was included in the CIR.
This further evaluation is currently under way and will (a) identify areas that have been subject
to agricultural activities and (b) evaluate land-use practices that may have led to elevated levels
of nitrate and other contaminants in groundwater. Objective (a) is also required to identify areas
for sampling of buildup of atmospheric nitrogen, since we seek to sample arcas that have not
been subject to anthropomorphic activities. This analysis includes evaluation of historical aerial
photography, historical Landsat satellite imagery, and an Internet-based search of historic
military activities in the region,

The Nitrate CIR (INTERA, 2009) also discusses the potential sources identified in the Source
Review Memo. The CIR describes the sampling design and installation of 19 new wells used to
characterize the nitrate and chloride plumes. The CIR characterizes the nitrate and chloride
plumes with the data collected from existing and new monitoring wells at the Mill. The
investigation concludes that the nitrate and chloride appear to originate from the same source,
and that source is upgradient of the Mill property more than 1.2 miles from the Mill facilities and

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 9 May 6, 2011

NANitrale Plan and congent agreemenfiPhaze 1 WP05.13.11 Phasa 1 WP FinaliDUSA_Nitrate_Ph 1 WP per URS cOmments clean docx



is not the result of Mill activities and was not caused or contributed to in any manner by Mill
activities. “In the October 5, 2010 DRC NOTICE of Additional required Action (“NOTICE™),
DRC determined that the 2009 CIR is incomplete, and considered the conclusion regarding the
sole source of the nitrogen contamination to be unsubstantiated with direct and reliable evidence.
Furthermore, the NOTICE stated that DUSA has additionally identified several onsite sources
which have a likelihood of being contributors to the contamination and have yet to be fully
examined.”

Beginning with the third quarter of 2010, DUSA performed quarterly sampling and analysis of
the new nitrate wells.

1.2 Project Description

This investigation will utilize direct push technology to bore into the subsurface in areas that are
undisturbed and areas that are potential sources of nitrate and chloride contributing the
groundwater plume at the Mill. The soil borings will be analyzed for the presence of
nitrate+nitrite and chloride by an analytical laboratory and field screened using Hach Test Kits
for nitrate+nitrite and QuanTab Test Kits for chloride (test kits will be used in Phase 1A Part 2).
The nitrate investigation will be divided into three phases. Phase 1A is divided into two parts.

Part 1 - Geoprobe Investigation to Determine Background Nitrate, Chloride and Ammonia
Soil Concentrations in Areas Unimpacted by Human Activities (“undisturbed locations”):

. A Geoprobe boring (Boring #1) will be conducted down to bedrock refusal at each of
the 20 undisturbed Geoprobe boring locations (per Figure 20 of the February 18, 2011
DUSA Work Plan and Schedule). Per our agreement with DRC in previous meetings,
three (3) samples will be collected from each Geoprobe core location. Soil core
samples will be collected randomly from the first 1/3, second 1/3, and third 1/3
intervals of the total penetrated depth at each location. Per agreement at previous
meetings, DRC or DUSA may collect additional soil samples at additional intervals.
Each soil core sample will be sent to the analytical laboratory for analysis of nitrate (as
N), chloride, and ammonia nitrogen (as N). Soil analysis will be conducted by an
environmental laboratory currently certified by the State of Utah, using EPA approved
sample and analysis methods. The Nitrate Extraction and Field Test Procedure, as
described in Appendix A of the February 18, 2011 DUSA Work Plan (hereafter Nitrate
Field Test) will not be used. Background concentrations for each of the above analytes
will be based on the 95% Upper Confidence Limit (UCL) of the 60 samples collected
and analyzed. Said UCL will be determined using commonly accepted descriptive
statistical methods and will be subject to DRC approval. After DRC approval, said site
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soil “background” concentration will be used for comparative and determinative
purposes in PHASE 1B of the Geoprobe Investigation of Potential Nitrate Source
Locations described below.

Part 2 - Geoprobe Investigation of a Possible Natural Nitrate Salt Reservoir:

v 4

A surface soil sample (0 to 0.5 foot below ground surface (bgs) will be collected by
shovel in close vicinity (within 5 horizontal feet) of each of the 20 Geoprobe boring
locations from the Phase 1A, Part 1 work, described above. This surface soil sample
will be analyzed using the Nitrate Field Test, described above, and will be used as a
baseline sample for comparison with laboratory analysis results of the same depth. At
DUSA’s discretion, this surface sample can be collected instead from the duplicate
Geoprobe boring, described below.

A duplicate Geoprobe boring (Boring #2) will installed in close proximity (within 5
horizontal feet) to each of the a) Geoprobe borings (Boring #1) from Phase 1A, Part 1,
above) and b) the surface soil samples in Phase 1A, Part 2, above. Each of these
duplicate Geoprobe borings (Borings #2) will be driven down to bedrock refusal at each
of the 20 undisturbed locations, mentioned in Phase 1A, Part 1, above. Said soil core
samples will be collected at each Geoprobe location to

a. ensure a minimum core recovery of 95%,
b. provide discrete and individual 1-foot depth samples,

c. be preserved and placed into a sealable plastic bag that is labeled in accordance
with EPA approved field methods, and

d. Each discrete 1-foot soil sample will be thoroughly mixed and homogenized
within the plastic bag before any field or laboratory analysis. Said soil samples
will then be considered representative of the individual 1-foot core interval. Per
agreement at previous meetings, DRC or DUSA may collect additional soil
samples at additional intervals.

Thereafter, an aliquot of each discrete 1-foot soil sample will be taken from the bag and
analyzed using the Nitrate Field Test described in Appendix A of the February 18, 2011
DUSA Work Plan and Schedule.

Elevated soil samples, i.e. those found with Nitrate Field Test results that are twice the
baseline concentration, as determined by field analysis of the 0-0.5-foot bgs sample
described above (Phase 1A, Part 2, Item 1) will be sent to the approved analytical
laboratory for nitrate (as N) soil analysis. The Nitrate Field Test results from Boring #2
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will be used as a tool by DUSA to examine the possibility of a natural nitrate salt
deposit in vadose zone soils at the White Mesa Mill site using the 1-foot sample
intervals.

Phase 1B — Geoprobe Investigation of Potential Nitrate Source Locations

This investigation is designed to quantify nitrate and chloride concentrations in alluvial soil at
the Site in locations where potential Mill-related nitrate and/or chloride sources could have
contributed to groundwater. The 24 potential sources that have been identified to date are
displayed on Figure 2 and listed below.

L.

o

< R R T

10.
11.
12.
13.
14,
15,
16.
17.
18.
19.

Main leach field (also known as Leach Field east of Scalehouse, 1985 to present) (High
Priority)

Sewage vault/lift station (Low Priority)

Scale house leach field, (also known as Leach Field south of Scalehouse, 1977-1979)
(High Priority)

Former office leach field (High Priority)

Ammonia tanks (Low Priority)

SAG leach field (Leach Field north of mill building, 1998 to 2009) (High Priority)
Cell 1 leach field (Leach Field east of Cell #1, up to 1985) (Low Priority)

Fly ash pond (Low Priority)

Chlorine Tanks (never contained ammonium chlorate)

Ammonium sulfate crystal tanks (L.ow Priority)

Lawzy sump (High Priority)

Lawzy Lake (High Priority)

Former vault/lift station (to Former Office Leach Field) (1992 to 2009) (L.ow Priority)
Truck shop leach field (1979-1985) (Low Priority)

New Counter Current Decant/Solvent Extraction (CCD/SX) leach field (Low Priority)
Historical Pond (High Priority)

Wildlife Pond (High Priority)

CCD (Inaccessible)

YC Precip Mini Lab (Inaccessible)
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20. V205 Mini Lab & V205 Precip (Inaccessible)
21. SX Mini Lab (Inaccessible)

22, Chem Lab (Inaccessible)

23. Met Lab (Inaccessible)

24, V205 Oxidation Tanks (Inaccessible)

These potential sources will be investigated as follows:

Sources 1-8 and 10-17 listed above will be sampled in Phase 1B. Multiple Geoprobe borings will
be driven down to bedrock refusal at 16 of the potential on-site Nitrate Sources, shown on Table
1. Of these 16 potential sources, 8 are considered by DUSA as High Priority Locations and will
be investigated with four (4) Geoprobe borings at each source in a north-east-west-south relative
orientation. For the remaining 8 potential sources, DUSA considers them to be Low Priority
Locations and will each receive (2) Geoprobe borings. The location of these borings will be
based on best professional judgment, considering the most likely water / waste / wastewater
discharge direction.

Source number 9 and numbers 18-24 listed above are inaccessible due to pavement or other
construction above the source and will not be sampled. Drilling in the main leach field and the
new CCD/SX leach field may require drilling crews with current vaccinations and training for
potential exposure to biological pathogens. Denison plans to use a separate drilling contractor
that specializes in working in active septic/sewage areas. Therefore, these areas will be sampled
in the latter part of the Phase 1 field program, during the week of June 15 or later.

Phase 1C - Geoprobe Investigation of Other Potential Nitrate Sources: This phase of the
investigation will quantify nitrate and chloride concentrations in alluvial soil at seven additional
locations identified by DUSA for the comparison to the background of naturally occurring
concentrations established in Phase 1A. These locations, identified in Figure 3, are soil sample
locations associated with groundwater wells which have had historically elevated levels of nitrate
contamination, but which are not associated with potential Mill site sources.

Soil collected from borings will be field screened for nitrate and chloride, and containerized for
shipment to the analytical laboratory for analysis.

1.2.1 Project Objectives
The purpose of this nitrate investigation is to quantify nitrate and chloride in the alluvial soil
column in selected locations at the Site with the following goals:
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To establish background concentrations of nitrate and chloride in the alluvial soil in the
vicinity of the Mill

2. The data generated by this investigation will be used to test the “new theory”
hypothesis that the nitrate contamination source is or could be caused by naturally
occurring nitrate and chloride salt deposits located in the vadose zone near or beneath
the Mill site area, which have been mobilized by natural and/or artificial recharge
(Walvoord, et al., 2003, Scanlon, et al., 2005 and others).

3.  The data will be used to test hypotheses regarding to what extent Mill-related sources
contributed, if at all, to the groundwater nitrate plume,

4, The data will be used to test hypotheses regarding to what extent present or historic
non-Mill-related sources contributed, if at all, to the groundwater nitrate plume.

The nitrate investigation has been divided into threc phases, Geoprobe Investigation in
Undisturbed Locations. Geoprobe Investigation of Potential Nitrate Source l.ocations, and
Geoprobe Investigation of Other Potential Nitrate Sources. These phases are described in detail
in Section 2.0.

1.2.2 Project Measurements

Project measurements will include laboratory analysis of soil chemistry, field analysis of soil
chemistry, and Unified Soil Classification System (USCS) soil type classification made at the
time of collection by visual-manual inspection as described in the Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure) ASTM D 2488 — 09a (ASTM,
2009; Appendix A). Note that the classifications presented in ASTM D 2488 — (09a are identical
to the USCS classifications presented in the Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System) ASTM D 2487 — 10 (ASTM, 2010),
but derived from field observations rather than laboratory analysis. All soil samples will be
submitted to the analytical laboratory for Synthetic Precipitation Leaching Procedure (“SPLP”)
using EPA Method 1312 (Appendix B). Method 1312 will produce a leachate of all soil samples
which will be analyzed for nitrate , chloride sulfate and nitrogen as ammonia using EPA Method
353.2 ,EPA method 300.0, and EPA method 350.1 (equivalent to 350.2) respectively, Field
nitrate methods include Hach Nitrate and Nitrite Field Strips and QuanTab Chloride Test Strips.

1.3 Quality Objectives

Specific quality objectives have been established for each of the data assessment parameters
identified. These objectives are expressed as quantitative and qualitative statements concerning
the type of data needed to support a decision, based on a specified level of uncertainty. The
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criteria (predetermined acceptance limits) are expressed as numerical values for laboratory
analyses and field tests identified. Further discussion of each parameter and rationale for its use
is presented below.

1.3.1 Precision
Precision is defined as the measure of variability that exists between individual sample
measurements of the same property under identical conditions. Precision is measured through the
analysis of samples containing identical concentrations of the parameters of concern. For
duplicate measurements, precision is expressed as the relative percent difference (“RPD”) of a
data pair and will be calculated by the following equation:

RPD = [(A-B)/{(A+B) /2}] x 100

Where A (original) and B (duplicate) are the reported concentration for field duplicate samples
analyses (or, in the case of analyses performed by the Analytical aboratory, the percent
recoveries for matrix spike and matrix spike duplicate samples) (EPA SW-846, Chapter 1,
Section 5.0, page 28).

1.3.2 Accuracy
Accuracy is defined as a measure of bias in a system or as the degree of agreement between a
measured value and a known value. The accuracy of laboratory analyses is evaluated based on
analyzing standards of known concentration both before and during analysis. Accuracy will be
evaluated by the following equation (EPA SW-846, Chapter 1, Section 5.0, page 24):

% Recovery = (| A-B | /C) x 100

Where:
A = the concentration of analyte in a sample
B = the concentration of analyte in an unspiked sample
C = the concentration of spike added

1.3.3 Representativeness
Representativeness is defined as the degree to which a set of data accurately represents the
characteristics of a population, parameter, conditions at a sampling point, or an environmental
condition. Representativeness is controlled by performing all sampling in compliance with this
Plan,
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1.3.4 Completeness
Completeness refers to the amount of valid data obtained from a measurement system in
reference to the amount that could be obtained under ideal conditions. Laboratory completeness
is a measure of the number of samples submitted for analysis compared to the number of
analyses found acceptable after review of the analytical data. Completeness will be calculated by
the following equation:

Completeness = (Number of valid data points/total number of measurements) x 100

Where the number of valid data points is the total number of valid analytical measurements
based on the precision, accuracy, and holding time evaluation. Completeness is determined at the
conclusion of the data validation.

1.3.5 Comparability
Comparability expresses the confidence with which one data set can be compared with another.
Comparability of data will be achieved by consistently following standard field and laboratory
procedures and by using standard measurement units in reporting analytical data.

1.3.6 Detection and Quantitation Limits
The method detection limit (MDL) is the minimum concentration of an analyte that can be
reliably distinguished from background for a specific analytical method. The quantitation limit
represents the lowest concentration of an analyte that can be accurately and reproducibly
quantified in a sample matrix. Project-required reporting limits are minimum quantitation limits
for specific analytical methods and sample matrices that are typically several times the MDL to
allow for matrix effects.

1.4 Project Organization

Functional Groups

This Plan specifies roles for a Quality Assurance (QA) Manager as well as representatives of
three different functional groups: the data users; the data generators, and the data
reviewers/approvers. The roles and responsibilities of these representatives are described below.

Overall Responsibility for the QA/QC Program

The overall responsibility for ensuring that the Quality Assurance/Quality Control (QA/QC)
measures are properly employed is the responsibility of the QA Manager. The QA Manager is
typically not directly involved in the data generation (i.e., sampling or analysis) activities, The
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QA Manager a qualified person designated by Denison Mines (USA) Corp. (“DUSA”) corporate
management.

Data Requestors/Users

The generation of data that meets the objectives of this Plan is necessary for management to
make informed decisions to quantify nitrate and chloride in the alluvial soil column in selected
locations at the Site with the goal that the data generated by this investigation will be used to test
hypotheses regarding potential sources for nitrate and chloride contamination, which includes
naturally-occurring sources. Accordingly, the data requesters/users (the “Data Users™) are
therefore DUSA’s corporate management and regulatory authorities. The data quality objectives
(*DQOs™) required for any sampling event, such as acceptable minimum detection limits, are
specified in this Plan.

Data Generators

The individuals who carry out the sampling and analysis activities at the request of the Data
Users are the data generators. This involves sample collection, record keeping and QA/QC
activities conducted by one or more sampling and quality control/data monitors (each a
“Sampling and QC Monitor”). The Sampling and QC Monitors perform all field sampling
activities, collect all field QC samples and perform all data recording and chain of custody
activities in accordance with this Plan. Data generation at the contract analytical laboratory (the
“Analytical Laboratory™) utilized by the Mill to analyze the environmental samples is performed
by or under an employee or agent (the “Analysis Monitor”) of the Analytical Laboratory, in
accordance with specific requirements of the Analytical Laboratory’s own QA/QC program.

The responsibilities of the data generators are as follows:

Sampling and QC Monitors
The Sampling and QC Monitors are responsible for field activities. These include:

a. Ensuring that samples are collected, preserved, and transported as specified in Plan;

b. Checking that all sample documentation (labels, field data worksheets, chain-of-custody
records, packing lists) is correct and transmitting that information, along with the
samples, to the Analytical Laboratory in accordance with this Plan;

c. Maintaining records of all samples, tracking those samples through subsequent
processing and analysis, and, ultimately, where applicable, appropriately disposing of
those samples at the conclusion of the program;
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d. Preparing quality control samples for field sample collection during the sampling event;
e. Preparing QC and sample data for review by the QA Manager; and

f. Preparing QC and sample data for reporting and entry into a computer data base, where
appropriate.

INTERA’s field manager, Rob Sengebush, will serve as Sampling and QC Monitor for Phase 1.

Analysis Monitor

The Analysis Monitor is responsible for QA/QC activities at the Analytical Laboratory. These
include:

a. Training and qualifying personnel in specified Analytical Laboratory QC and analytical
procedures, prior to receiving samples;

b. Receiving samples from the field and verifying that incoming samples correspond to the
packing list or chain-of-custody sheet; and

c. Verifying that Analytical Laboratory QC and analytical procedures are being followed as
specified in this Plan, by the Analytical Laboratory’s QA/QC program, and in accordance
with the requirements for maintaining National Environmental Laboratory Accreditation
Program (“NELAP”) and/or National Voluntary Laboratory Accreditation Program
(“NAVLAP?) certification.

Data Reviewers/Approvers

The QA Manager has broad authority to approve or disapprove project plans, specific analyses
and final reports. In general, the QA Manager is responsible for reviewing and advising on all
aspects of QA/QC, including:

a. Ensuring that the data produced by the data generators meet the specifications set out in
this Plan;

b. Making on-site evaluations and submitting audit samples to assist in reviewing QA/QC
procedures;

¢. Determining (with the Sampling and QC Monitor and Analysis Monitor) appropriate
sampling equipment and sample containers, in accordance with this Plan, to minimize
contamination; and

d. Supervising all QA/QC measures to assure proper adherence to this Plan and determining
corrective measures to be taken when deviations from this Plan occur.

The QA Manager may delegate certain of these responsibilities to one or more Sampling and QC
Monitors or to other qualified personnel.
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1.5 Special Training and Certification

All soil logging and soil descriptions will be overseen or conducted by a State of Utah Certified
Professional Geologist (PG), using the ASTM Standard Practice for Description and
Identification of Soils using the visual-manual procedure (Appendix A).

Site-specific training for all field personnel will be completed as required by Mill procedures and
will be conducted by Mill personnel.

1.6 Documents and Records

1.6.1 Field Documentation

Field documentation will consist of, but not be limited to, detailed field note books, chain of
custody forms, and digital photographs. In addition, the locations of Geoprobe borings and other
field activities will be recorded using a hand held global positioning system (GPS) instrument.
Soil logging and details from the boring such as sampling intervals and sample location will be
recorded on a field boring log. Information from the field boring log will be used to create a final
boring log. Both of these forms are included in Appendix C. Completed forms will be included
in the report.DRC requested the use of a boring log that matched WMMW-16. The log that will
be used is located in Appendix C and contains the same relevant information fields. The bore log
form does not include gamma or neutron logging fields, or well completion fields. since those
elements are not part of this investigation.

1.6.2 Reports Generated
Upon completion of the field work and laboratory analysis, a Report describing the results and
results of the quality assurance/quality control checks will be generated and submitted to the
DRC.

2.0 DATA GENERATION AND ACQUISITION

2.1 Sampling Design

As described in Section 1.1, the purpose of the nitrate investigation is to quantify nitrate and
chloride in the alluvial soil column in selected locations at the Site with two goals:

I. The data generated by this investigation will be used to test the “new theory” hypothesis
that the nitrate contamination source is or could be caused by naturally occurring nitrate
and chloride salt deposits located in the vadose zone near or beneath the Mill site area,
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which have been mobilized by natural and/or artificial recharge (Walvoord, et al., 2003,
Scanlon, et al., 2005 and others).

2. The data will be used to test hypotheses regarding to what extent Mill-related sources
contributed, if at all, to the groundwater nitrate plume.

3. The data will be used to test hypotheses regarding to what extent present or historic non-
Mill-related sources contributed, if at all, to the groundwater nitrate plume.

The nitrate investigation has been divided into three phases:

1A. Geoprobe Investigation in Undisturbed Locations

This phase of the investigation is designed to quantify naturally occurring (i.e. “background™)
nitrate and chloride concentrations in alluvial soil at the Site and explore for a naturally
occurring nitrate reservoir. Background concentrations will be established advancing Geoprobe
direct push machine (Geoprobe) borings at each of 20 locations spread across the Site, selected
to represent arecas which have not undergone irrigation or other forms of culturally-induced
surface water recharge. These locations are based on interpretation of aerial photographic
imagery, and are presented in Figure 1, Actual locations will be selected in the field by the field
team leader in consultation with DUSA management and field personnel. This selection process
is designed to maximize the opportunity of finding soil chemistry that reflects only natural cycles
of wetting and drying from precipitation and evapotranspiration. The presence of such a nitrate
and chloride reservoir would suggest that these concentrations could be present throughout the
White Mesa alluvial soil column and could be mobilized to groundwater as the result of
increased surface water recharge due to irrigation, surface water impoundment, canal leakage, or
other recharge processes. Geoprobe locations and sample locations are summarized in Table 1.
As was explained at previous meetings with DUSA and the DRC, there is no requirement for a
statistically based sample location selection of Geoprobe locations. They were chosen based on
availability of undisturbed sites as identified by historical acrial imagery.

Part 1 - Geoprobe Investigation to Determine Background Nitrate, Chloride and Ammonia
Soil Concentrations in Areas Unimpacted by Human Activities (“undisturbed locations”):

1. A Geoprobe boring (Boring #1) will be conducted down to bedrock refusal at each of the
20 undisturbed Geoprobe boring locations (per Figure 20 of the February 18, 2011 DUSA
Work Plan and Schedule). Three (3) samples will be collected from each Geoprobe core
location. Soil core samples will be collected randomly from the first 1/3, second 1/3, and
third 1/3 intervals of the total penetrated depth at each location. Each soil core sample
will be sent to the analytical laboratory for analysis of nitrate (as N), chloride, and
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ammonia nitrogen (as N). Soil analysis will be conducted by an environmental
laboratory currently certified by the State of Utah, using EPA approved sample and
analysis methods. Field screening for nitrate+nitrite and chloride with Hach Test Kits
and QuanTab Test Kits will not be performed. Background concentrations for each of
the above analytes will be based on the 95% UCL of the 60 samples collected and
analyzed. Said UCL will be determined using commonly accepted descriptive statistical
methods and will be subject to DRC approval. After DRC approval, said site soil
“background” concentration will be used for comparative and determinative purposes in
PHASE 1B of the Geoprobe Investigation of Potential Nitrate Source Locations
described below.

Part 2 - Geoprobe Investigation of a Possible Natural Nitrate Salt Reservoir:

1. A surface soil sample (0 to 0.5 foot bgs will be collected by shovel in close vicinity
(within 5 horizontal feet) of each of the 20 Geoprobe boring locations from the Phase 1A,
Part 1 work, described above. This surface soil sample will be analyzed using the
nitrate-+nitrite Hach Test Kit and chloride QuanTab Test Kit, described above, and will be
used as a baseline sample for comparison with laboratory analysis results of the same
depth. At DUSA’s discretion, this surface sample can be collected instead from the
duplicate Geoprobe boring, described below.

2. A duplicate Geoprobe boring (Boring #2) will installed in close proximity (within 5
horizontal feet) to each of the a) Geoprobe borings (Boring #1) from Phase 1A, Part 1,
above) and b) the surface soil samples in Phase 1A, Part 2, above. Each of these
duplicate Geoprobe borings (Borings #2) will be driven down to bedrock refusal at each
of the 20 undisturbed locations, mentioned in Phase 1A, Part 1, above. Said soil core
samples will be collected at each Geoprobe location to

a. ensure a minimum core recovery of 95%:; any sample volume required for
isotopic analyses will be collected in subsequent phases,

b. provide discrete and individual 1-foot depth samples,

c. be preserved and placed into a sealable plastic bag that is labeled in accordance
with EPA approved field methods, and

d. Each intervals sample will be thoroughly mixed and homogenized within the
plastic bag before any field or laboratory analysis. Said soil samples will then be
considered representative of the individual 1-foot core interval. Per agreement at
previous meetings, DRC or DUSA may collect additional soil samples at
additional intervals.
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Thereafter, an aliquot of each discrete 1-foot soil sample will be taken from the bag and
analyzed using the nitratet+nitrite Hach Test Kit and chloride QuanTab Test Kit
described in Appendix A of the February 18, 2011 DUSA Work Plan and Schedule.

Clevated soil samples, i.e. those found with nitrate+nitrite Hach Test Kit and/or
chloride QuanTab Test Kit results that are twice the baseline concentration, as
determined by field analysis of the 0-0.5-foot bgs sample described above (Phase 1A,
Part 2, Item 1) will be sent to the approved analytical laboratory for nitrate (as N) soil
analysis. The nitrate+nitrite Hach Test Kit and chloride QuanTab Test Kit results from
Boring #2 will be used as a tool by DUSA to examine the possibility of a natural nitrate
salt deposit in vadose zone soils at the White Mesa Mill site using the 1-foot sample
intervals.

All of the locations and samples will be documented as described above, If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation, All borings will be plugged with a mixture of
bentonite and cement grout .

Each laboratory result will be compared to the statistically derived site background
concentration, and, if a natural nitrate reservoir is detected, concentrations of nitrate/chloride in
residual pore fluid from each one foot increment of that bore hole will be integrated to determine
the total mass of nitrate/chloride if multiplied by the area of the wildlife pond or the historical
pond is sufficient to have contributed significant nitrogen and/or chloride mass to cause, in part
or in whole, groundwater concentrations found in nearby DUSA wells.

1B. Geoprobe Investigation of Potential Nitrate Source Locations

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site in locations where past or ongoing activities may have contributed nitrate
and/or chloride to the soil and/or groundwater. .

The potential Mill sources, including leach field locations and dates of operation listed below are
provided by DUSA management and are shown on Figure 2:
Potential Nitrate Source Locations:

1. Main leach field (also known as Leach Field east of Scalehouse, 1985 to present)

2.  Sewage vault/lift station (currently active)
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3 Scale house leach field, (also known as Leach Field south of Scalehouse, 1977-1979)
4,  Former office leach field

5. Ammonia tanks

6. SAG leach field (Leach Field north of mill building, 1998 to 2009)

7.  Cell 1 leach field (Leach Field east of Cell #1, up to 1985)

8.  Fly ash pond

9.  Sodium Chlorate Tanks (as a potential chloride source)

10. Ammonium sulfate crystal tanks

11. Lawzy sump

12. Lawzy Lake

13. Former vault/lift station (to Former Office Leach Field) (1992 to 2009)
14.  Truck shop leach field (1979-1985)

15. New Counter Current Decant/Solvent Extraction (CCD/SX) leach field (currently
active)

16. Historical Pond

17. Wildlife Pond

18. CCD

19. YC Precip Mini Lab

20, V205 Mini Lab & V205 Precip

21. SX Mini Lab

22. Chem Lab

23. Met Lab

24. V205 Oxidation Tanks
Note that locations 1, 2, and 15 are known to be in use at present. Drilling in the main leach field
and the new CCD/SX leach field may require drilling crews with current vaccinations and
training for potential exposure to biological pathogens. Denison plans to use a separate drilling

contractor that specializes in working in active septic/sewage areas. Therefore, these areas will
be sampled in the latter part of the Phase 1 field program, during the week of June 15 or later.
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The investigation of these potential sources is contingent on access with the Geoprobe rig and
subject to approval by DUSA management, based primarily on field team health and safety
considerations. The subsurface configuration or design of the leach fields, including the potential
for underground piping, is not known. Any excavation or borings in these leach fields will
require prior identification of underground structures, such as piping, septic tanks, or vaults,
using techniques such as air knife or equivalent “daylighting” methods. Design drawings and
records will be reviewed prior to work and the borings will only be attempted with the full
approval of DUSA management. A total of 48 Geoprobe borings will be advanced to bedrock
refusal at 16 potential nitrate source locations on Site (Figure 2). Of these 16 potential source
locations, eight are considered by DUSA as High Priority Locations and will be investigated
with four Geoprobe borings in a north-cast-west-south relative orientation bounding each
location. DUSA considers the remaining eight potential source locations to be Low Priority
Locations, each of which will be investigated with two Geoprobe borings. The location of these
borings will be based on best professional judgment, considering the most likely
water/waste/wastewater discharge direction.

For all of Phase 1B locations, three (3) core samples from each boring will be collected within
from the bottom one-foot of each of the following intervals, based on the total depth of
penetration at each site: first 1/3, second 1/3, and third 1/3. At a minimum, all 144 samples (three
discrete depths sampled in each of the 32 High Priority Location borings and 16 Low Priority
Location borings advanced in Phase 1B) shall be sent to an approved analytical laboratory for
soil analysis. Each laboratory result will be compared to the statistically derived site background
concentration. If a concentration is detected by the laboratory in any interval, concentrations of
nitrate/chloride in residual pore fluid from each sampled interval of that bore hole will be
averaged to determine if the total mass of nitrate/chloride multiplied by the area that could be
contributing nitrate is sufficient tohave contributed significant nitrogen and/or chloride mass to
cause, in part or in whole, groundwater concentrations found in nearby DUSA wells.

Soil core samples collected from each location will meet the standards of representativeness
described for Phase 1A.

The Co-Executive Secretary rescrves the right to collect soil samples for laboratory analysis, at
DRC cost, from any one-foot core interval, of any boring.

Geoprobe investigation in the area of active leach ficlds may be conducted in a separate
campaign, with a different field crew if determined necessary by DUSA in order to address
potential health and safety issucs. Drilling in the main leach field and the new CCD/SX leach
field may require drilling crews with current vaccinations and training for potential exposure to
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biological pathogens. Denison plans to use a separate drilling contractor that specializes in
working in active septic/sewage areas. Therefore, these areas will be sampled in the latter part of
the Phase 1 field program, during the week of June 15 or later.

All of the locations and samples will be documented as described above. If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation. All borings will be plugged with a mixture of
bentonite and cement grout prior to abandonment.

1C. Geoprobe Investigation of Other Potential Nitrate Sources

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site at seven additional locations identified by DUSA (Figure 3) for
comparison to the background of naturally occurring concentrations established in Phase 1A. At
cach Geoprobe location, DUSA may choose to collect three (3) discrete one-foot core samples
from the bottom one-foot of each of the following intervals: the first 1/3, second 1/3, and third
1/3 depth, based on the total depth of penetration at each site. DUSA may use the nitrate+nitrite
Hach Test Kit to determine whether nitrate concentrations are detectable and if they are a sample
will be sent to an approved analytical laboratory for analysis. For any boring where soil core
samples will be sent for laboratory analysis, DUSA will ensure that the standards of
representativeness described under Phase 1A are met. Any such soil laboratory results may then
be compared to the site background soil concentrations.

If a concentration is detected by the laboratory in any interval, concentrations of nitrate/chloride
in residual pore fluid from each sampled interval of that bore hole will be averaged to determine
if the total mass of nitrate/chloride multiplied by the area that could be contributing nitrate is
sufficient tohave contributed significant nitrogen and/or chloride mass to cause, in part or in
whole, groundwater concentrations found in nearby DUSA wells.

All of the locations and samples will be documented as described above. If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation. All borings will be plugged with a mixture of
bentonite and cement grout prior to abandonment.
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2.2 Field Activities and Sampling Methods

Geoprobe investigations will comply with the Standard Guide for Direct Push Soil Sampling for
Environmental Site Characterizations ASTM D 6282-98 (Reapproved 2005) (ASTM, 2005). A
copy of this guidance is included as Appendix D. Borings will be advanced with a track-mounted
Geoprobe rig. The Phase 1 program plans on using a Geoprobe 6620DT direct push machine, or
equivalent, using the DT22 Soil Sampling System, or equivalent. The Geoprobe advances a
sampler by impacts from a hammer that delivers 35,000 lb of down force and is capable of a
retraction force of 47,000 1b. If available, the Phase 1 program will use a dual-tube system that
allows continuous 1.125-inch diameter cores to be recovered using five-foot sample barrels.

Dual-tube systems consist of an outer casing and an inner sampler that are advanced
simultaneously into the soil. The sampler is removed from the borehole and a new sampler
inserted for each five-foot increment of depth. Sample barrels are designed to create a minimum
of sample disturbance while gathering high quality specimens.

The proposed system uses 2.25 in. (57 mm) OD probe rods as an outer casing and light-weight
center rods for the inner rod string. A cutting shoe is threaded into the leading end of the rod
string, When driven into the subsurface, the cutting shoe shears a 1,125 in. (29 mm) OD soil core
which is collected inside the casing in a clear PVC liner. The light-weight center rods hold the
liner in place while collecting the soil core, and also provide a means of retrieving the liner once
the sample is collected. The 2.25 in. probe rods provided a cased hole through which to sample.
The main advantage of sampling through a cased hole is that there is no side slough to contend
with. In addition, the outer casing effectively seals the probe hole when sampling through
perched water tables. These factors mean that sample cross contamination is eliminated.

Geoprobe boring locations for Phases 1A — 1C are shown on Figures 1 — 3, respectively.
Locations are approximate and may be changed on judgment of the field team leader in
consultation with DUSA personnel. The actual “as built” latitude and longitude of each boring
will be measured in the field with a Garmin eTrex GPS instrument using the WGS 84 standard or
equivalent. The GPS Wide Area Augmentation System used by the Garmin eTrex provides
horizontal accuracy of +£3 meters,

Geoprobe boring locations will be named following the convention GP-1X#, where GP stands
for Geoprobe, 1+ is the two-digit number of the location (01, 02...18, 19, 20), X designates the
phase of the investigation and # indicates Boring #1 or Boring #2, if applicable. For example,
Geoprobe Boring #1 at location 01 in Phase 1A would be named GP-01A1l; by contrast, the
single boring advanced at location 07 in Phase 1C would be named GP-07C. Note that in this
convention, no information is conveyed about the identity or compass orientation of potential
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nitrate sources in Phase 1B. This information will be noted in the field book by the field team

leader.

The naming convention for Geoprobe boring samples is described in Section 2,3.1.

The Geoprobe boring samples will be collected using the following procedure:

1.

Set up the Geoprobe in the pre-selected location using a map and GPS. Create a labeled
GPS waypoint for the “as built” location. This will be Boring #1.

Concurrent with the setup of the Geoprobe at each location, collect a manual soil
sample from 0 — 0.5 feet bgs and test for nitrate and chloride according to the field test
procedures described below. The total sample volume should fill a one quart sealable
plastic bag. This is the “ “baseline” sample for this location. This sample will be
designated as GP-11-BL.

Advance the Geoprobe sampler to refusal to determine subsurface soil conditions and
the depth to the top of bedrock (Dakota Formation or Burro Canyon Formation).

Remove the sample barrel after each five-foot flight is advanced to obtain a continuous
soil core from surface to total depth in one Geoprobe boring. Note that at least 95% of
the soil in every core must be recovered. If this condition is not met, the Geoprobe will
be relocated a short distance away and the procedure started over at Step 1.

Measure and mark depth in one-foot increments on the boring core sleeve. This is
adequate sampling interval resolution to identify elevated nitrate or chloride
concentrations on the order of six feet thick (Scanlon, 2005).

Open the sleeve to observe and describe the alluvial texture and/or lithology, taking
photographs where appropriate. Describe or log the soil texture based on the USCS.
Observations will be recorded on soil boring log forms (Appendix C). This task shall be
performed by a Utah Licensed Professional Geologist.

Place the soil from each one-foot increment into a sealable plastic bag. Mix the soil
thoroughly in the plastic bag by gently inverting the bag several times. The purpose of
this procedure is to thoroughly blend the soil so that a sample aliquot from the bag will
be representative of the entire one-foot interval. Seal the plastic bag, label and store for
additional analysis in the event the interval contains elevated nitrate and/or chloride. If
multiple soil lithologies are visible in a single one-foot core, the depth and USCS
classification of all lithologies present will be noted per Step 6 above. However, by
design, all one-foot cores will be homogenized, regardless of lithologic observations.
This practice is intended to limit any bias or subjective judgment by field personnel. By
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the Nyquist Theorem, homogenization of samples at one-foot intervals allows vertical

concentration variations at a scale of twice the sampling interval, or two feet.

8.  If the screening with the nitrate+nitrite Hach Test Kit and chloride QuanTab Test Kit is
required (see Section 2.1), perform Steps 8a — 8c:

d.

Select a sample aliquot from the bag and test for nitrate using the nitrate field test
kit test strips, as described in Section 2.5.1. Note that soil borings may be
advanced by the Geoprobe at a rate that will not allow the field screening to be
run simultaneously, As field operations do not depend on the results of
thenitrate+nitrite Hach Test Kit and chloride QuanTab Test Kit , Steps 8 — 10 may
be performed in a controlled setting on the Mill Site or elsewhere.

Record the test results in the field notebook,

If any of the soil column analyses indicate the presence of elevated nitrate, select
the balance of that interval sample and place in a labeled laboratory approved
container for delivery to the analytical laboratory (per Section 2.3.5) for analysis
of nitrate, chloride, sulfate and ammonia by the methods described in Section
2.5.2. “Elevated” concentrations arc defined as those one-foot intervals with
nitrate concentrations at least twice the average baseline concentration, based on
field analysis of a sample from 0 — 0.5 feet bgs or as determined by field
judgment.

9. Iflaboratory analytical samples are required (see Section 2.1), perform Steps 9a — 9c.

a.

Identify the interval to be sampled. For samples collected from the basal one-foot
interval of the first 1/3 (d;), second 1/3 (d>), and third 1/3 (d3) in a boring of total
depth 7D, the intervals are given below, expressed in feet bgs. Note that it is
essential to include soil at the interface between alluvial soils and bedrock.

di= [round(g] -1 ﬁ,round(gﬂ
< 20 3
d; = ‘iraund(ﬂTDJ -1 ﬁ,round[@}]

d, = [round(TD)-1,TD]

Place the soil from each one-foot increment into a sealable plastic bag and label.
Mix the soil thoroughly in the plastic bag by gently inverting the bag several
times. Once the sample is homogenized, place an aliquot of soil in a labeled
laboratory approved container for delivery to the analytical laboratory (per
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Section 2.3.5) for analysis of nitrate, chloride, sulfate and ammonia by the
methods described in Section 2.5.2.

10. Equipment decontamination will be implemented for all non-disposable equipment that
comes in contact with soil before moving direct push equipment to a new location or
collecting a new sample. Commercial third party deionized water will be used for
decontamination. Equipment blanks will be collected at the frequency specified in
Table 1 after the completion of decontamination of field equipment.

11. Fill the boring with cement/bentonite grout.

12, Move to the next location.

2.3 Sample Handling and Custody

2.3.1 Sample Identification
Each sample collected at the Site during the nitrate investigation will be identified using a unique
sample identification number (ID). The description of the sample type and the point name will be
recorded on the chain-of-custody (COC) forms, as well as in the field notes.

Field log books will be used to document field sampling information. Sample IDs will be listed
on the sample labels and the COC forms submitted to the laboratory, and will be cross-
referenced to the name in permanently bound field log books, on sample data sheets, and on
COC forms.

Geoprobe boring samples will be named according to the boring location and top and bottom of
the depth interval at which they were collected, following the convention GP-11X#-tt-dd, where
tt is the top of the depth interval and dd is the bottom of depth interval expressed in feet below
ground surface. For example, the sample collected at GP-01A1 in the depth interval between 6
and 7 feet bgs would be named GP-01A1-06-07; similarly, the sample collected at GP-07C in the
depth interval from 21 to 22 feet bgs would be named GP-07C-21-22,

QC samples will be named as follows:

* Duplicate samples will have the same name as the parent sample with a D added at the
end of the sample name.

e Equipment blanks will be have the same name as the boring location with a terminal RB
at the end.
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2.3.2 Sample Labeling
Resealable plastic bags will be labeled with an indelible marker with the:

e sample identification; and

e (ate.

Laboratory provided sample containers will be labeled with an adhesive label showing the:

e sample identification,
e (ate,
e the time of collection,
e the project name,
e sampler’s initials, and
e analysis required.
Once the label is applied, it will be covered with clear plastic tape to prevent the label from being

rendered illegible by water. Containers will be sealed in a plastic bag and placed on ice in a
cooler.

2.3.3 Sample Documentation
Documentation during sampling is essential o proper sample identification. All personnel will
adhere to the following general guidelines for maintaining field documentation:

e Documentation will be completed in permanent black or blue ink.

e All entries will be legible.

e Errors will be corrected by crossing out the entry with a single line and then dating and
initialing the lineout.

e Any serialized documents will be maintained by INTERA and referenced in the site log
book.

e Unused portions of pages will be crossed out, and each page will be signed and dated.

The field team leader and sampling personnel are responsible for proper documentation of
activities.
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2.3.4 Chain-of-Custody
Standard sample custody procedures will be used to maintain and document sample integrity
during collection, transportation, storage, and analysis. A sample will be considered to be in
custody if one of the following statements applies:

e [tisina person’s physical possession or view.
e Itisin a secure area with restricted access.

e [tis placed in a container and secured with an official seal in such a way that the sample
cannot be reached without breaking the seal.

Chain-of-custody (COC) procedures provide an accurate written record that traces the possession
of individual samples from the time of collection in the field to the time of acceptance at the
laboratory. The COC form will also be used to document all samples collected and the analyses
requested. Information that the field personnel will record on the COC form includes the
following:

e Project name and number

e Sampling location

e Name and signature of sampler

e Destination of sample (laboratory name)

s Sample ID

e Date and time of collection

e Number and type of containers filled

e Analyses requested

e Preservatives used (if applicable)

e Filtering (if applicable)

e Signatures of individuals involved in custody transfer, including the date and time of
transfer

e Air bill number (if applicable) or courier information

e Project contact and phone number

Unused lines on the COC form will be crossed out. Field personnel will sign COC forms. The
COC form will be placed in a waterproof plastic bag and taped to the inside of the shipping
container used to transport the samples. Signed air bills will serve as evidence of custody transfer
between field personnel and the courier, and between the courier and the laboratory. Copies of
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the COC form and the air bill will be retained and filed by field personnel before the containers
are shipped.

The laboratory sample custodian will receive all incoming samples, sign the accompanying COC
forms, and retain copies of the forms as permanent record. The laboratory sample custodian will
record all pertinent information concerning the samples, including the persons delivering the
samples, the date and time received, sample condition at the time of receipt (e.g., sealed,
unsealed, or broken container; temperature; or other relevant remarks), the sample IDs, and any
unique laboratory identification numbers for the samples. When the sample transfer process is
complete, the custodian is responsible for maintaining internal log books. tracking reports, and
other records necessary to maintain custody throughout sample preparation and analysis.

The laboratory will provide a secure storage arca for all samples. Access to this area will be
restricted to authorized personnel. The custodian will ensure that samples requiring special
handling, including samples that are heat- or light-sensitive, radioactive, or have other unusual
physical characteristics, arc properly stored and maintained pending analysis.

2.3.5 Sample Shipment
The following procedures will be implemented when samples collected during the remediation

activities are shipped:

e The cooler will be filled with bubble wrap, sample containers, and packing material.
Sufficient packing material will be used to minimize sample container breakage during
shipment.

e The COC forms will be placed inside a plastic bag. The bag will be sealed and taped to
the inside of the cooler lid. The air bill, if required, will be filled out before the samples
are handed over to the carrier. The laboratory will be notified if the sampler suspects that
the sample contains any substance that would require laboratory personnel to take safety
precautions.

e The cooler will be closed and taped shut with packing tape around both ends. If the
cooler has a drain, it will be taped shut both inside and outside of the cooler.

e Signed and dated custody seals will be placed on the front and side of each cooler. Wide
clear tape will be placed over the seals.

e The COC form will be transported within the taped, sealed cooler. When the cooler is
received at the analytical laboratory, laboratory personnel will open the cooler and sign
the COC form to document transfer of samples.
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» Multiple coolers may be sent in one shipment to the laboratory. The outsides of the
coolers will be marked to indicate the number of coolers in the shipment.

2.4 Sample Containers and Holding Times

All sample containers will be supplied by the laboratory and will be certified as new. The type of
sample containers to be used for each analysis, the sample volumes required, the preservation
requirements, and the holding times for samples prior to extraction and analysis are presented in
Table 2.

2.5 Analytical Methods

2.5.1 Field Analytical Methods

Field analytical methods include the nitrate+nitrite Hach Test Kit and chloride QuanTab Test
Kit. Both tests rely on procedures promulgated in the USDA Soil Quality Test Kit Guide (USDA,
2001) (Appendix E) using Hach Nitrate and Nitrite Test Strips and QuanTab Chloride Test
Strips. The tests require the following equipment:

s 30-mL measuring scoop

e 120-mL plastic containers with lid

¢ Commercial third party deionized water

e Filter paper

e Eye dropper

e Stopwatch or timer

e Nitrate/nitrite test strips

e Chloride test strips

e Soil data worksheets

1.  Extract a soil subsample. Mix the soil thoroughly and measure a level, 30-mL scoop
subsample and place it in the plastic container. Weigh the subsample and enter its
weight on a soil data worksheet.

2.  Add water to Subsample and mix. Add 30 mL of commercial third party deionized
water to the container with the subsample. The resulting mixture equates to a 1:1 soil to
water ratio on a volume basis. Put the lid on the container and shake vigorously about
25 times.
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3. Fold filter. Fold the filter paper in half and then fold it again, but not quite into a
quarter-circle, leaving the edges a little uneven.

4. Insert Filter Paper into Subsample. Open the filter paper into the shape of a cone and
push it (pointed part first) quickly in to the jar with the soil/water mixture until it
touches the bottom of the jar. Wait until about an eye dropper-full of the solution has
seeped through the inside of the filter paper.

5.  Place drops on the nitrate+nitrite Hach Test Kit strips. Using the eye dropper and one
nitrate/nitrite strip, place a drop on each of the nitrate/nitrite test strips pads (one for
nitrate and the other for nitrite). Note the time.

6.  Align the nitrate/nitrite test strip with the color chart on the side of the test strip bottle.

7.  After 60 seconds, compare the color of the nitrate and nitrite pads to the corresponding
scales to estimate the amount of nitrate and nitrite present based on the color change.

8.  Repeat 5 — 7 for the chloride test strips.

Concentrations of each analyte can be estimated by assuming all of the analyte present in the soil
sample has gone into solution and by assuming that in situ moisture content of the soil is
negligible. Under these assumptions, the soil concentration of (for example) nitrate, Csno3, can
be estimated by:

C (’w-NDE Vw
s=NO3 — ]

s=dry

where C,,.np;3 is the aqueous nitrate concentration result from the test strip, ¥, is the volume of
water and my.4, is the dry mass of soil.

The range of the Hach Nitrate Field Test is 0 — 50 mg/L. The test strip colors are compared
against colors on the test strip container. A different color on the test strip bottle corresponds
with each of the following concentrations: Oppm, lppm, 2ppm, 5ppm, 10ppm, 20ppm, and
50ppm. If a sample test strip matches the color on the bottle that corresponds to “0”, the nitrate
concentration in that sample will be considered less than the detection limit of 1ppm. Detectable
results (above Oppm) will be matched to the corresponding concentration, with an error of the
difference of the two concentrations that best match the color on the test strip. For example, if a
test strip displays a color gradient somewhere between the colors used to represent the 5 and the
10 ppm, the result would be estimated as 7.5 with an error of plus or minus 2.5 ppm. The Hach
field test kits are used for field screening purposes only, and matching the colors from the test
strips is subject to the interpretation on the user. If the estimated concentration is greater than
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two times the baseline concentration (as defined by test strip analysis), a sample from that depth
interval will be sent to the analytical laboratory to determine a concentration of nitrate as
nitrogen reported in mg/kg.

The range of the Chloride Field Test is 28 — 617 mg/L. The QuanTab test strip displays a white
line that corresponds to a QuanTab scale from 1.2 to 7.8 QuanTab units. QuanTab units
correspond to chloride in mg/L.

If the reading from the field test exceeds the maximum limit, the test may be rerun by diluting
the sample solution.

2,5.2 Laboratory Analytical Methods
All soil samples will be submitted to the analytical laboratory for SPLP using EPA Method 1312
using Extraction Fluid #3 (Appendix B). Method 1312 will produce a leachate of all soil
samples which will be analyzed for nitrate, chloride, sulfate and nitrogen as ammonia using EPA
Method 353.2, EPA method 300.0, and EPA method 350.1 respectively.

The SPLP leaching procedure described herein does not affect the PQLSs published herein. There
are no PQLs published for this method as it is a preparatory method only. Method Detection
Limits (MDLs) are not included herein as the PQLs are the minimum level to which the
laboratory will report data. Data below the MDL is considered estimated and will not be
reported.

The PQLs for the methods specified above are included in Table 2. These PQLs are sufficiently
sensitive for the purposes of this investigation for the following reasons.

a) The lowest groundwater GWCLs for nitrate at the Mill is 0.12mg/L. The PQL from the
Method of 0.01 mg/L is significantly lower than the GWCL. Additionally, the Utah
Groundwater Quality Standard (GWQS) is 10.0 mg/L. which is several orders of
magnitude above the PQL specified herein. (There is no GWCL or GWQS for chloride).

b) Nitrate concentration in the identified plume has been previously reported up to 68 mg/L.
Chloride concentrations range up to 210 mg/L. Due to the effects of dilution in the
groundwater medium, in order for any source to contribute measurably to the detected
presence of nitrate or chloride, soil samples and the SPLP leachates derived from those
soils,would have to exist at concentrations higher than the groundwater concentrations
within the plume,
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¢) The lowest GWCL for ammonia at the Mill is 0.14 mg/I.. The PQL from the method of
0.05 mg/L is significantly lower than the lowest GWCL. Additionally the GWQS is 25
mg/L which is several orders of magnitude above the PQL specified herein. Again, as is
the case with nitrate as nitrogen, the effects of dilution in the groundwater medium would
require concentrations higher than groundwater concentrations. As such the PQL is
sufficient for the purposes of this investigation.

d) The lowest sulfate GWCI for the Mill is 462 mg/L.. The PQL from the method of.0.75
mg/L is significantly lower by several orders of magnitude than the lowest GWCL. As is
the case with nitrate as nitrogen, the effects of dilution in the groundwater medium would
require concentrations significantly higher than groundwater concentrations. As such the
PQL is sufficient for the purposes of this investigation.

The SPLP leaching procedure described herein does not affect the PQLs published herein.
There are no PQLs published for this method as it is a preparatory method only. Method
Detection Limits (MDLs) are not included herein as the PQLs are the minimum level to
which the laboratory will report data. Data below the MDL is considered estimated and will
not be reported.

2.6 Quality Control

2.6.1 Field Quality Control Methods

Field quality control measures include complete documentation of all field activities on the
appropriate forms. Field QC samples include the collection of field duplicates and equipment
blanks for analysis by the analytical laboratory. Field duplicates will be collected at a frequency
of 1 duplicate per 10 field samples. Duplicates will be collected by mixing the field sample and
splitting the sample into 2 containers. Duplicate assessment will be completed as described in
Section 2.6.3.4 below. Equipment blanks will be collected at a frequency of 1 blank per 20 field
samples. Equipment blanks are collected by pouring deionized water from third party,
commercial source over decontaminated sampling equipment (areas which come in contact with
site soil). QC samples will be analyzed at the same laboratory and for the same constituents as
the field samples.

Duplicates for the field measurement of nitrate and chloride will be completed at a frequency of
1 duplicate per 10 samples and will also be assessed as discussed in Section 2.6.3.4 below.
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2.6.2 Laboratory Quality Control Methods
Analytical QA/QC will be governed by the QA/QC program of the Analytical Laboratory. Every
effort will be made to use Analytical Laboratories that are certified by the State of Utah and by
NELAP and/or NAVLAP, is capable of performing the analytical procedures specified in Table
2, and that the QA/QC program of the Analytical Laboratory includes the spikes, blanks and
duplicates described below.

Spikes, Blanks and Check Samples

Analytical Laboratory QC samples will assess the accuracy and precision of the analyses. The
following describes the type of QC samples that may be used by the Analytical Laboratory to
assess the quality of the data. Analytical QC will be completed as required by the specific
method used for analysis. Assessment of analytical laboratory QC samples will be as specified in
the method.

a. Matrix Spike/Matrix Spike Duplicate

A spiked field sample analyzed in duplicate may be analyzed with every analytical batch.
Analytes stipulated by the analytical method, by applicable regulations, or by other
specific requirements may be spiked into the samples. Selection of the sample to be
spiked depends on the information required and the variety of conditions within a typical
matrix. The matrix spike sample serves as a check evaluating the effect of the sample
matrix on the accuracy of analysis. The matrix spike duplicate serves as a check of the
analytical precision. Assessment of the matrix spike/matrix spike duplicate will be
completed using the method and laboratory established limits.

b. Method Blanks

Each analytical batch shall be accompanied by a method blank. The method blank shall
be carried through the entire analytical procedure. Contamination detected in analysis of
method blanks will be used to evaluate any Analytical Laboratory contamination of
environmental samples which may have occurred. Method blank detections will be
assessed to determine if there is any affect on the sample data usability. Method blank
affects will be discussed and a determination made on a case by case basis.

¢. Check Samples

Each analytical batch shall contain a number of check samples. For each method, the
Analytical Laboratory will analyze the check samples or their equivalents specified in the
analytical method. Check samples may include: a laboratory control sample, calibration
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checks, laboratory fortified blanks, or sample duplicates. Check samples will be reviewed
for compliance with the laboratory and method specified acceptance limits,

2.6.3 Internal QC Checks

2.6.3.1 Field QC Check Procedures
The QA Manager will perform the QA/QC analysis of field procedures as described below.

2,6.3.2 Review of Compliance with Procedures in This Plan

Observation of technician performance is monitored by the QA Manager on a periodic basis to
ensure compliance with this Plan,

2.6.3.3 Completeness review

The QA Manager will review all analytical results to confirm that the analytical results are
complete (i.e., there is an analytical result for each required constituent). The completeness goal
for this project is 95%.

2.6.3.4 Duplicates

The following analyses will be performed on duplicate field samples:
a. Relative Percent Difference.

RPDs will be calculated in comparisons of duplicate and original ficld sample results. Non-
conformance will exist when the RPD > 35%, unless the measured concentrations are less than 2
times the PQL[referred to as CRQL in the Functional Guideliens] (EPA Contract Laboratory
Program National Functional Guidelines for Inorganic Data Review, January 2010,540-R-10-
011).

2.6.3.5 Use of QC Samples to Assess Conformance with This Plan

QC samples generated during field activities and in the laboratory will be used to assess the
usability of the data for meeting project objectives. QC data which do not meet the requirements
specified herein may require that the associated sample data be flagged for limited use or be
removed from the overall data pool. Data flagging will follow standard EPA guidelines specified
in Functional Guidelines as applicable to the analytical method. QC samples will be used to
determine if the data meet the project objectives.
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2.7 Instrument and Equipment Testing, Inspection and Maintenance

The Analytical Laboratory is responsible for the maintenance of its instruments in accordance
with Analytical Laboratory procedures and as required in order to maintain its NELAP and/or
NAVLAP certifications. Preventive maintenance will be performed on a scheduled basis to
minimize downtime and the potential interruption of analytical work.

Sampling and field equipment shall be tested, inspected and maintained in accordance with
manufacturers’ recommendations.

2.8 Instrument Calibration

A fundamental requirement for collection of valid data is the proper calibration of all sample
collection and analytical instruments. Test kits will be calibrated using third party commercial
deionized water prior to analysis.. Analytical Laboratory equipment shall be calibrated in
accordance with Analytical Laboratory procedures and as described in the analytical methods.

3.0 DATA EVALUATION

Data evaluation will be completed as described throughout this plan. Analytical data will be
evaluated as described using laboratory generated QC samples as specified in the analytical
methods. Field data will be evaluated against the specific QC samples generated in the field and
documentation will be reviewed for completeness and accuracy.,

The analytical results of Phase 1A will be used to develop a 95% UCL for the background levels
of nitrate, chloride, sulfate and ammonia. Analytical results from Phases 1B and 1C will be
compared to the UCL background levels to assess the likelihood of impacts from the source
areas and additional locations, where concentrations significantly above background levels will
be regarded as indicative of impact.

For the SPLP, Extraction Fluid #3 will be used (Appendix B). Standard extraction requires the
addition of nitric acid and sulfuric acid during the leaching process. Since the leachates will be
analyzed for nitrate-tnitrite and sulfate, the deionized water leaching process contemplated by the
method (for cyanide containing samples) will be used in lieu of the standard leaching procedure.

As previously described, the soil samples are being leached and analyzed using water
methodologies, which will yield concentrations in liquid units (such as mg/L). The laboratory
will report all soil samples in two ways: 1) as a leachate in mg/L and 2) as a soil in mg/kg on a
dry weight basis.
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Data usability will be assessed based on compliance with QC standards specified in the
analytical method.

4.0 AUDITS

DUSA may perform system and performance audits in order to ensure that data of known and
defensible quality are produced during a sampling program. The frequency and timing of system
and performance audits shall be as determined by DUSA.

4.1 System Audits

System audits are qualitative evaluations of all components of field and Analytical Laboratory
QC measurement systems. They determine if the measurement systems are being used
appropriately. System audits will review field and Analytical Laboratory operations, including
sampling equipment, laboratory equipment, sampling procedures, and equipment calibrations, to
evaluate the effectiveness of the QA program and to identify any weakness that may exist. The
audits may be carried out before all systems are operational, during the program, or after the
completion of the program. Such audits typically involve a comparison of the activities required
under this Plan with those actually scheduled or performed. A special type of systems audit is the
data management audit. This audit addresses only data collection and management activities,

4.2 Performance Audits

The performance audit is a quantitative evaluation of the measurement systems of a program. [t
requires lesting the measurement systems with samples of known composition or behavior to
evaluate precision and accuracy. With respect to performance audits of the analytical process,
either blind performance evaluation samples may be submitted to the Analytical Laboratory for
analysis, or the auditor may request that it provide results of the blind studies that the Analytical
Laboratory must provide to its NELAP and/or NAVLAP accreditation agency on an annual
basis. The performance audit is carried out without the knowledge of the analysts, to the exient
practicable.

4.3 Follow-Up Actions

Response to the system audits and performance audits is required when deviations are found.
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4.4 Audit Records

Audit records for all audits conducted will be retained in DUSA Central Files. These records will
contain audit reports, written records of completion for corrective actions, and any other
documents associated with the audits supporting audit findings or corrective actions.
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Appendix A
Standard Practice for Description and Identification of Soils



Designation: D2488 — 09a
7T L

INTERNATIONAL

Standard Practice for

Description and ldentification of Soils (Visual-Manual

Procedure)’

This standard js issued under the fixed designation D2488; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (£) indicates an editorial change since the lust revision or reapproval.

This standard has been approved fur use by agencies af the Department of Defense.

1. Scope*

1.1 This practice covers procedures for the description of
soils for engineering purposes.

1.2 This practice also describes a procedure for identifying
soils, at the option of the user, based on the classification
system described in Test Method D2487. The identification is
based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test Method
D2487 shall be used.

1.2.2 In this practice, the identification portion assigning a
group symbol and narme is limited to soil particles smaller than
3 in. (75 mm).

1.2.3 The identification portion of this practice is limited to
naturally occurring soils (either intact or disturbed).

Nore 1—This practice may be used as a descriptive system applied Lo
such materials as shale, claystone, shells, crushed rock, ete. (see Appendix
X2).

1.3 The descriptive information in this practice may be used
with other soil classification systems or for materials other than
naturally occurring soils.

1.4 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.5 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section &,

1.6 This practice affers a set of instructions for performing
one or more specific operations. This document cannot replace

! This practice is under the jurisdiction of ASTM Commitice DI on Soil and
Rock and is the direct responsibility of Subcommitiee D18.07 on I[dentification and
Classificalion of Seils,

Current edition approved June 15, 2009. Published July 2009, Originally
approved in 1966. Last previous edition approved in 2009 as D2488 —09. DOL:
10.1520/D2488-09A.

education or experience and should be used in conjunction
with professional judgment. Not all aspects of this practice may
be applicable in all eircumstances. This ASTM standard is not
intended to represent or replace the standard of care by which
the adequacy of a given professional service must be judged,
nor should this document be applied without consideration of
a project’s many unique aspects. The word “Standard” in the
title of this document means only that the document has been
approved through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards:*

D653 Terminology Relating to Soil, Rock, and Contained
Fluids

D1452 Practice for Soil Exploration and Sampling by Auger
Borings

D1586 Test Method for Penetration Test (SPT) and Split-
Barrel Sampling of Soils

D1587 Practice for Thin-Walled Tube Sampling of Soils for
Geotechnical Purposes

D2113 Practice for Rock Core Drilling and Sampling of
Rock for Site Investigation

D2487 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

D3740 Practice for Minimum Requirements for Agencies
Engaged in Testing and/or Inspection of Soil and Rock as
Used in Engineering Design and Construction

D4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)

3. Terminology

3.1 Definitions—Except as listed below, all definitions are
in accordance with Terminology D653.

Note 2-—For particles retained on a 3-in, (75-mm) US standard sieve,
the following definitions are suggested:
Cobbles—particles of rock that will pass a 12-in. (300-mm) square
opening and be retained on a 3-in, (75-mm) sieve, and

? For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm,org. For Annual Book af ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

*A Summary of Changes section appears at the end of this standard,

Copyright @ ASTM Inlernational, 100 Barr Harbour Dr., P.O. Box C-700 West Conshohocken, Pennaylvania 19428-2858, Uniled States

Copyright by ASTM Int'] (all rights reserved); Sun Feb 28 20:32:05 EST 2010
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Boulders—particles of rock that will not pass a 12-in. (300-inm) square
opening.

3.1.1 clay—soil passing a No. 200 (75-pm) sieve that can be
made to exhibit plasticity (putty-like properties) within a range
of water contents, and that exhibits considerable strength when
air-dry. For classification, a clay is a fine-grained soil, or the
fine-grained portion of a soil, with a plasticity index equal to or
greater than 4, and the plot of plasticity index versus liquid
limit falls on or above the “A” line (see Fig. 3 of Test Method
D2487).

3.1.2 gravel—particles of rock that will pass a 3-in. (75-
mm) sieve and be retained on a No. 4 (4,75-mm) sieve with the
following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is retained on a
Ya-in. (19-mm) sieve.

Sfine—passes a Ya-in. (19-mm) sieve and is retained on a No.
4 (4.75-mm) sieve.

3.1.3 organic clay—a clay with sufficient organic content to
influence the soil properties. For classification, an organic clay
is a soil that would be classified as a clay, except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying.

3.1.4 organic silt—a silt with sufficient organic content to
influence the soil properties. For classification, an organic silt
is a soil that would be classified as a silt except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying,

3.1.5 peat—a soil composed primarily of vegetable tissue in
various stages of decomposition usually with an organic odor,
a dark brown to black color, a spongy consistency, and a
texture ranging from fibrous to amorphous.

3.1.6 sand—particles of rock that will pass a No. 4 (4.75-
mm) sicve and be retained on a No. 200 (75-pm) sieve with the
following subdivisions:

coarse—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) sieve.

medium—passes a No. 10 (2.00-mm) sieve and is retained
on a No. 40 (425-pm) sieve.

fine—passes a No, 40 (425-pym) sieve and is retained on a
No, 200 (75-pm) sieve.

3,1.7 silt—soil passing a No. 200 (75-pm) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-grained
soil, or the (ine-grained portion of a soil, with a plasticity index
less than 4, or the plot of plasticity index versus liquid limit
falls below the “A” line (see Fig. 3 of Test Method D2487).

4, Summary of Practice

4.1 Using visual examination and simple manual tests, this
practice gives standardized criteria and procedures for describ-
ing and identifying soils.

4.2 The soil can be given an identification by assigning a
group symbol(s) and name. The flow charts, Fig. 1a and Fig. 1b
for fine-grained soils, and Fig, 2, for coarse-grained soils, can
be used to assign the appropriate group symbol(s) and name, If
the soil has properties which do not distinctly place it into a
specific group, borderline symbols may be used, see Appendix

Copyright by ASTM Int'l (all rights reserved); Sun Feb 28 20:32:05 EST 2010
Downloaded/printed by
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Note 3—It is suggested that a distinction be made between dual
symbols and borderline symbols.

Dual Symbol-—A dual symbol is two symbols separated by a hyphen,

for example, GP-GM, SW-S8C, CL-ML used to indicate that the soil has
been identified as having the properties of a classification in accordance
with Test Method D2487 where two symbols are required. Two symbols
are required when the soil has between 5 and 12 % fines or when the liquid
limit and plasticity index values plot in the CL-ML area of the plasticity
chart.
Borderline Symbol—A borderline symbol is two symbols separated by a
slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol should
be used to indicate that the soil has been identified as having properties
that do not distinetly place the soil into a specific group (see Appendix
X3).

5. Significance and Use

5.1 The descriptive information required in this practice can
be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.2 The descriptive information required in this practice
should be used to supplement the classification of a soil as
determined by Test Method D2487.

5.3 This practice may be used in identifying soils using the
classification group symbols and names as prescribed in Test
Method D2487. Since the names and symbols used in this
practice to identify the soils are the same as those used in Test
Method D2487, it shall be clearly stated in reports and all other
appropriate documents, that the classification symbol and name
are based on visual-manual procedures,

5.4 This practice is to be used not only for identification of
soils in the field, but also in the office, laboratory, or wherever
soil samples are inspected and described.

5.5 This practice has particular value in grouping similar
soil samples so that only a minimum number of laboratory tests
need be run for positive soil classification,

Note 4—The ahility to describe and identify soils correctly is learned
more readily under the guidance ol experienced personnel, but it may also
be acquired systematically by comparing numerical laboratory test results
for typical soils of each type with their visual and manual characleristics,

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be grouped
together; one sample completely described and identified with
the others referred to as similar based on performing only a few
of the descriptive and identification procedures described in
this practice.

5.7 This practice may be used in combination with Practice
DA4083 when working with frozen soils.

Nore 5—Naotwithstanding the statements on precision and bias con-
tained in this standard: The precision of this test method is dependent on
the compelence of the personnel performing it and the suitability of the
equipment and facilities used. Agencies that meet the criteria of Practice
D3740 are generally considered capable of compelent and objective
testing. Users of this test method are cautioned thal compliance with
Practice D3740 does not in itself assure reliable testing. Reliable (esting
depends on several factors; Practice D3740 provides a means for
evalualing some of those faclors.

Joe Galemore (INTERA) pursuant to License Agreement, No further reproductions authorized.
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GROUP_SYMBOL

CL

ML

MH

AN LN

>30% plus No. 200 <:

<30% plus No, 200 ?(15‘ phus No, 200
15-25% plus No, 200 ?% sand >% gravel —— Lean clay with sand

<30% plus No. 200 T: <15% pluz No. 200
16-25% plus No. M.T: % sand >% graval ——— Silt with sand

<30% plus No. 200 ?(1“ plus No, 200
15-26% plus No, MT:* sand >% gravel ———-Fat clay with sand

<30% plus No. 200 —:’ <16% plus No. 200
15-25% plus No, 200 T: % tand >% gravel ——— Elastic siit with send

GROUP NAME

—» Lesn clay
% sand <% gravel — Lean clay with graval

216% gravel ———— Sandy lsan clay with gravel

% sand >% of gravel <15% gravel ———= Sandy lean clay
>30% plus No. zoo<: —

% sand <% gravel T:{'IS% suand —— Gravelly lssn clay

216% sand ——* Gravally lsan clay with sand

aat 1113

% sand <% gravel —— Silt with gravel

>15% graval ——= Sandy silt with gravel

% sand >% of gravel <15% gravel ———————» Sandy silt
>30% plus No. zoo<: —

% sand <% 'M?: <15% sand ———— = Gravelly silt

>16% sand ———————= Gravelly silt with sand

> Fat clay
% sand <% grevel ——= Fat clay with gravel

215% gravel —————— Sandy fat clay with gravel

% sand >% of gravel <15% gravel ——— Sandy fat clay
>30% plus No. 200 < —

% sand <% gravsl -<:<15% sand ——————= Gravslly fat clay

216% sand ——— Gravelly fat clay with sand

~» Elastic silt

% rand <% gravel ———= Elnstic silt with gravel

% sand Zﬁdil‘llllT(l“ﬂml—_ﬁmmﬁh

215% gravel ——————»= Sandy elastic silt with gravel

% sand <% UHT:<1“ sand ————= Gravelly elastic silt

>15% sand —— = Gravelly elastic silt with sand

NOTE 1—Percentages are based on estimating amounts of fines, sand, and gravel 1o the nearest 5 %.
FIG. 1a Flow Chart for Identifying Inarganic Fine-Grained Scil (50 % or more fines)

GROUP SYMBOL

OL/OH

/\

<30% plus No, 200 T‘: <15% plus No. 200
15-25% plus No. 200 ?: % sand >% graval———= Qrganic soil with sand

GROUP_NAME

# Organic soil

% sand <% gravel ——= Organie soil with graval

215% graval - Sandy orgenic soil with gravel

% sand 2>% gravel T: <15% gravel ——————— Sandy organic soil
>30% plus No, 200 <

% sand <% gravel —? <15% sand —————» Gravelly organic soil

215% sand = Gravally organic soil with sand

NOTE 1—Percentages are based on estimating amounts of fines, sand, and gravel 1o the nearest 5 %.

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soll (50 % or more fines)

6. Apparatus

6.1 Required Apparatus:

6.1.1 Pocket Knife or Small Spatula,

6.2 Useful Auxiliary Apparatus:

6.2.1 Test Tube and Stopper (or jar with a lid).
6.2.2 Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean water from a city water
supply or natural source, including non-potable water,

7.2 Hydrochloric Acid—A small bottle of dilute hydrochlo-
ric acid, HCI, one part HC] (10 N) to three parts water (This
reagent is optional for use with this practice). See Section 8.

8. Safety Precautions

8.1 When preparing the dilute HCI solution of one part
concentrated hydrochloric acid (10 N) to three parts of distilled

water, slowly add acid into water following necessary safety

precautions. Handle with caution and store safely. If solution

comes into contact with the skin, rinse thoroughly with water.
8.2 Caution—Do not add water to acid.

9. Sampling
9.1 The sample shall be considered to be representative of

the stratum from which it was obtained by an appropriate,
accepted, or standard procedure,

Note 6—Preferably, the sampling procedure should be identified as
having been conducted in accordance with Practices D1452, D1587, or
D2113, or Test Method D1586.

9.2 The sample shall be carefully identified as to origin.

Nore 7—Remarks as to the origin may take the form of a boring
number and sample number in conjunction with a job number, a geologic
straturm, a pedologic horizon or a location description with respect to a
permanent monument, & grid syslem or a station number and offset with
respect o a stated centerline and a depth or elevation,

Copyright by ASTM Int'l (all rights reserved); Sun Feb 28 20:32:05 EST 2010 3
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GROUP SYMBOL GROUP NAME

5% “M‘T Well-graded

- GW?{!HG sand ——— Wall-graded gravel
215% send ———o= Wall-graded gravel with sand

Poarly guaded

GP‘—T-‘QES sand ——= Poorly graded graval
Z15% sand ———= Poorly graded gravel with sand

GW‘GM?: 15% sand ———= Well-graded gravel with silt

215% sand ———m= Wall-graded gravel with silt and sand

Wall-graded ?lim‘pﬂh o MH
10% tmn< fines=CL or CH ———» GW’GC TC 16% sand ———= Wall-graded gravel with clay

>15% sand ——— Wall-graded gravel with clay snd sand
GP-GM ? < 15% sand ——= Poarly graded gravel with silt

215% sand — ——= Paorly graded gravel with silt and send

TiowseCL or CH —-—GP’GCQ< 15% sand ———=- Poarly graded gravel with clay

215% sand ———= Poorly graded graval with clay and send
M --:_t.:‘(ﬁ% wad —— = Silty gravel
216% sand ——— Silty graval with sand
»GC —-‘—\__\*——0(151 sand ——= Clayoy graval
215% sand ———= Clayay gravel with sand

SWT:asx gravel —— Well-graded sand
>16% gravel ——o Wall-graded sand with gravel

GRAVEL
* gravel >
% tand
Pootly umm-?:ﬁm-m ar MH
>15% hines —‘"&‘
fintr=CL or CH
Well.graded
<E% I'mn(
T Poarly graded
fines=ML or MH
Well-graded <:
SAND finea=CL or CH ———=» SW'SC
% sand > 10% lines
% gravel imu-m. of MH

Paarly man

—SP—-:—___—\_;—_: <15% gravel ——» Poorly gradsd aund
215% gravel ——= Poorly graded wand with gravel
SW-SM e <15 gravel —— Well graded sand with st

215% gravel ——== Well-graded sand with silt end gravel
<15% gravel ——= Well-graded sand with clay
215% gravel ——= Wellgraded sand with clay and gravel

SP'SM?{H& gravel ——= Poorly graded sand with silt

215% graval ——s= Poorly graded sand with silt and gravel

finma=CL or CH ———-SP-SC -leﬁ gravel ——= Poorly graded sand with clay

finesMLorMH—— = SM
>15% fines <:
tinas=CL or CH -SC

215% gravel — —== Poorly graded sand with clay and gravel

————® <15% gravel ——» Silty tand
>15% gravel ———= Silty sand with gravel

R"“_: <15% gravel —— Claysy sand
>15% gravel ——»= Clayey sand with gravel

Note 1—Percentages are based on eslimating amounts of fines, sand, and gravel o the nearest 5 %.
FIG. 2 Flow Chart for ldentifying Coarse-Grained Soils (less than 50 % fines)

9.3 For accurate description and identification, the mini-
mum amount of the specimen to be cxamined shall be in
accordance with the following schedule:

Maximum Particle Size, Minimum Specimen Size,

Sieve Opaning Dry Weight
4.75 mm (No. 4) 100 g (0.25 Ib)
9.5 mm (% in.) 200 g (0.5 Ib)
19.0 mm (% in.) 1.0 kg (2.2 Ib)
38,1 mm (1% in.) 8.0 kg (18 Ib)
75.0 mm (3in.) 60.0 kg (132 Ib)

Nome §—If random isolated particles are encountered that are signifi-
cantly larger than the particles in the soil matrix, the soil matrix can be
accurately described and identified in accordance with the preceeding
schedule.

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended amount, the report
shall include an appropriate remark.

10. Descriptive Information for Soils

10.1 Angularity—Describe the angularity of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity may be
stated, such as: subrounded to rounded.

10.2 Shape—Describe the shape of the gravel, cobbles, and
boulders as flat, elongated, or flat and elongated if they meet
the criteria in Table 2 and Fig. 4. Otherwise, do not mention the
shape. Indicate the fraction of the particles that have the shape,
such as: one-third of the gravel particles are flat,

Copyright by ASTM Int'l (all rights reserved); Sun Feb 28 20:32:05 EST 2010
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TABLE 1 Criteria for Describing Angularity of Coarse-Grained
Particles (see Flg. 3)

Description Criteria

Angular Particles have sharp edges and relatively plane sides with
unpolished surfaces

Subangular Particles are similar to angular description but have
rounded edges

Subrounded Partlcles have nearly plane sides but have well-rounded
corners and edges

Rounded Particles have smoothly curved sides and no edges

10.3 Color—Describe the color. Color is an important
property in identifying organic soils, and within a given
locality it may also be useful in identifying materials of similar
geologic origin. If the sample contains layers or patches of
varying colors, this shall be noted and all representative colors
shall be described. The color shall be described for moist
samples. If the color represents a dry condition, this shall be
stated in the report.

10.4 Odor—Describe the odor il organic or unusual, Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples, but if the samples are dried,
the odor may often be revived by heating a moistened sample,
If the odor is unusual (petroleum product, chemical, and the
like), it shall be described.

10.5 Moisture Condition—Describe the moisture condition
as dry, moist, or wet, in accordance with the criteria in Table 3.

10.6 HC! Reaction—Describe the reaction with HCl as
none, weak, or strong, in accordance with the critera in Table

Joe Galemore (INTIZRA) pursuant to License Agreement. No further reproductions authorized.



{a) Rounded

(¢} Subrounded

(d) Subangular

FIG. 3 Typical Angularity of Bulky Grains

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)

The particle shape shall be described as follows where length, width, and

thickness refer to the greatest, intermediate, and least dimensions of a particle,

respectively.
Flat Particles with width/thickness > 3
Elongated Particles with length/width > 3

Flat and elongated Particles meet criteria for both flat and elongated

4. Since calcium carbonate is a common cementing agent, a
report of its presence on the basis of the reaction with dilute
hydrochloric acid is important.

10,7 Censistency—For intact fine-grained soil, describe the
consistency as very soft, soft, firm, hard, or very hard, in
accordance with the criteria in Table 5. This observation is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accor-
dance with the criteria in Table 6.

10.9 Structure—Describe the structure of intact soils in
accordance with the criteria in Table 7.

10.10 Range of Particle Sizes—For gravel and sand com-
ponents, describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % fine to coarse gravel, about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the maximum par-
ticle size found in the sample in accordance with the following
information:

10.11.1 Sand Size—If the maximum particle size is a sand
size, describe as fine, medium, or coarse as defined in 3.1.6.
For example: maximum particle size, medium sand.

10.11.2 Gravel Size—If the maximum particle size is a
gravel size, describe the maximum particle size as the smallest
sieve opening that the particle will pass. For example, maxi-

Copyright by ASTM Int'l (all rights reserved); Sun Feb 28 20:32:05 EST 2010
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PARTICLE SHAPE

W=WIDTH
T=THICKNESS
L =LENGTH
s
N

FLAT: W/T>3
ELONGATED: L/W >3

FLAT AND ELONGATED:
—meets both criteria

FIG. 4 Criteria for Particle Shape
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TABLE 3 Criteria for Describing Moisture Condition

Description Criteria
Dry Absence of molsture, dusly, dry to the touch
Moist Damp but no visible water
Wet Visible free water, usually soll s below water table

TABLE 4 Criteria for Describing the Reaction With HCI

Description Criterla
None No visible reaction
Weak Some reaction, with bubbles forming slowly
Strong Vialent reaction, with bubbles forming Immediately
TABLE 5 Criteria for Describing Consistency
Description Criteria
Very soft Thumb will penetrale soil more than 1 in. (25 mm})
Solt Thumb will penetrate soil about 1 In. (25 mm)
Firm Thumb will Indent soil about Y4 in. (8 mm)
Hard Thumb will not indent soil but readily indented with thumbnall
Very hard Thumbnall will not indent sall
TABLE 6 Criteria for Describing Cementation
Dascription Criteria
Weak Crumbles or breaks with handling or little finger pressure
Maderate Crumbles or breaks with considerable finger pressure
Strong Will not crumble or break with finger pressure
TABLE 7 Criteria for Describing Structure
Description Criteria
Stratified Alternating layers of varying material or color with layers at
least 8 mm Ihick; note thickness
Laminated Allernating layers of varying material or color with the
layers lesa than 6 mm thick; note thickness
Fissured Breaks along definite planes of fracture with litle
reslslance 1o fracturing
Slickensided Fracture planes appear polished or glossy, somelimes
striated
Blocky Cohesive soil that can be broken down into small angular
lumps which resist further breakdown
Lensed Inclusion of small pockets of different seils, such as small
lenses of sand scaltered thraugh a mass of clay; note
thickness
Homogeneous Same color and appearance throughout

mum particle size, 1%4 in. (will pass a 14-in. square opening
but not a ¥-in. square opening).

10.11.3 Cobble or Boulder Size—If the maximum particle
size is a cobble or boulder size, describe the maximum
dimension of the largest particle. For example: maximum
dimension, 18 in. (450 mm).

10.12 Hardness—Describe the hardness of coarse sand and
larger particles as hard, or state what happens when the
particles are hit by a hammer, for example, gravel-size particles
fracture with considerable hammer blow, some gravel-size
particles crumble with hammer blow. “Hard” mcans particles
do not crack, fracture, or crumble under a hammer blow.

10.13 Additional comments shall be noted, such as the
presence of roots or root holes, difficulty in drilling or augering
hole, caving of trench or hole, or the presence of mica.

Copynight by ASTM Int'l (all nghts reserved); Sun Feb 28 20:32:05 EST 2010
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10.14 A local or commercial name or a geologic interpre-
tation of the soil, or both, may be added if identified as such.

10.15 A classification or identification of the soil in accor-
dance with other classification systems may be added if
identified as such.

11. Identification of Peat

11.1 A sample composed primarily of vegetable tissue in
various stages of decomposition that has a fibrous to amor-
phous texture, usually a dark brown to black color, and an
organic odor, shall be designated as a highly organic soil and
shall be identified as peat, PT, and not subjected to the
identification procedures described hereafter,

12. Preparation for Identification

12.1 The soil identification portion of this practice is based
on the portion of the soil sample that will pass a 3-in. (75-mm)
sieve. The larger than 3-in. (75-mm) particles must be re-
moved, manually, for a loose sample, or mentally, for an intact
sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
percentage of boulders. Performed visually, these estimates
will be on the basis of volume percentage.

Nore 9—S8ince the percentages ol the particle-size distribution in Test
Methad D2487 are by dry weight, and the estimates of percentapes for
gravel, sand, and fines in this praclice are by dry weight, it is recom-
mended that the repart state that the percentages of cobbles and boulders
are by volume.

12.3 Of the fraction of the soil smaller than 3 in. (75 mm),
estimate and note the percentage, by dry weight, of the gravel,
sand, and fines (sec Appendix X4 for suggested procedures).

Nove 10~ Since the particle-size components appear visually on the
basis of volume, considerable experience is required to estimate the
percentages on the basis of dry weight. Frequent comparisons with
laboratory particle-size analyses should be made.

12.3,1 The percentages shall be estimated to the closest 5 %.
The percentages of gravel, sand, and fines must add up to
100 %.

12,3.2 If onc of the components is present but not in
sufficient quanltity to be considered 5 % of the smaller than
3-in. (75-mm) portion, indicate its presence by the term trace,
for example, trace of fines. A trace is not to be considered in the
total of 100 % for the components.

13. Preliminary Identification

13.1 The soil is fine grained if it contains 50 % or more
fines. Follow the procedures for identifying fine-grained soils
of Section 14,

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14. Procedure for Identifying Fine-Grained Soils

14.1 Select a representative sample of the material for
examination. Remove particles larger than the No. 40 sieve
(medium sand and larger) until a specimen equivalent to about
a handful of material is available. Use this specimen for
performing the dry strength, dilatancy, and toughness tests.
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14.2 Dry Strength:

14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the material
until it has the consistency of putty, adding water if necessary.

14.2.2 From the molded material, make at least three test
specimens. A test specimen shall be a ball of material about '2
in. (12 mm) in diameter, Allow the test specimens to dry in air,
or sun, or by artificial means, as long as the temperature does
not exceed 60°C.

14.2.3 If the test specimen contains natural dry lumps, those
that are about % in. (12 mm) in diameter may be used in place
of the molded balls,

Nove 11—The process of molding and drying usually produces higher
strengths than are found in natoral dry lumps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or very high in accorance with the criteria in
Table &. If natural dry lumps are used, do not use the results of
any of the lumps that are found to contain particles of coarse
sand,

14.2.5 The presence of high-strength water-soluble cement-
ing materials, such as calcium carbonate, may cause excep-
tionally high dry strengths. The presence of calcium carbonate
can usually be detccted from the intensity of the reaction with
dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enough material to mold
into a ball about %4 in. (12 mm) in diameter, Mold the material,
adding water if necessary, until it has a soft, but not sticky,
consistency.

14.3.2 Smooth the soil ball in the palm of one hand with the
blade of a knife or small spatula. Shake horizontally, striking
the side of the hand vigorously against the other hand several
times, Nofe the reaction of water appearing on the surface of
the soil. Squeeze the sample by closing the hand or pinching
the soil between the fingers, and note the reaction as none,
slow, or rapid in accordance with the criteria in Table 9. The
reaction is the speed with which water appears while shaking,
and disappears while squeezing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
test specimen is shaped into an elongated pat and rolled by
hand on a smooth surface or between the palms into a thread
about V& in, (3 mm) in diameter. (If the sample is too wet to roll
easily, it should be spread into a thin layer and allowed to lose

TABLE B Criteria for Describing Dry Strength

TABLE 9 Criteria for Describing Dilatancy

Description Criteria
Naone No visible change in the specimen
Slow Water appears slowly an the surface of the specimen during
shaking and does not disappear or disappears slowly upon
squeezing
Rapid Waler appears quickly on the surface of the specimen during

shaking and disappears quickly Lpon squeezing

some water by evaporation.) Fold the sample threads and reroll
repeatedly ontil the thread crumbles at a4 diameter of about '
in. The thread will crumble at a diameter of % in, when the soil
is near the plastic limit. Note the pressure required to roll the
thread near the plastic limit. Also, note the strength of the
thread. After the thread crumbles, the pieces should be lumped
together and kneaded until the lump crumbles. Note the
toughness of the material during kneading.

14.4.2 Describe the toughness of the thread and lump as
low, medium, or high in accordance with the criteria in Table
10,

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11,

14.6 Decide whether the soil is an inerganic or an organic
fine-grained soil (see 14.8), If inorganic, follow the steps given
in 14.7.

14.7 IHdentification of Inorganic Fine-Grained Soils:

14.7.1 Identify the soil as a lean clay, CL, if the soil has
medium to high dry strength, no or slow dilatancy, and medium
toughness and plasticity (see Table 12).

14.7.2 1dentify the soil as a fat clay, CH, il the soil has high
to very high dry strength, no dilatancy, and high toughness and
plasticity (see Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil has no to low
dry strength, slow to rapid dilatancy, and low (oughness and
plasticity, or is nonplastic (see Table 12).

14.7.4 1dentify the soil as an elastic silt, MH, if the soil has
low to medium dry strength, no to slow dilatancy, and low to
medium toughness and plasticity (sce Table 12).

Note 12—These properties are similar to those for a lean clay,
However, the silt will dry quickly on the hand and have a smooth, silky
feel when dry. Some soils that would classify as MH in accordance with
the criteria in Test Method D24R87 are visually difficult to distinguish from
lean clays, CL. It may be necessary ta perform laboralory testing for
proper identification.

14.8 Identification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, if the soil
contains enough organic particles to influcnce the soil proper-
ties. Organic soils usually have a dark brown to black color and

Description Criteria
None The dry specimen crumbles into powder with mere pressure "
of handling TABLE 10 Criteria for Describing Toughness
lLow Th; ;isr:usr;;emmen crumbles into powder with some finger Description Criteria
Medium The dry specimen breaks Into pieces or crumbles with Low Only slight pressure is required to roll the thread near the
cansiderable finger pressure plastic imit. The thread and the lump are weak and soft
High The dry specimen cannot be broken with finger pressure. Medium Medium pressure is required to roll the thread to near the
Specimen will break into pleces belween thumb and a hard plastic imil. The thread and the lump have medium stifiness
surace High Consliderable pressure is required to roll the thread to near the
Very high The dry specimen cannot be broken between the thumb and a plastic limit. The thread and the lump have very high
hard surface stiffness
7
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TABLE 11 Criteria for Describing Plasticity

Description Criteria

Nonplastic A -in. (3-mm) thread cannot be rolled at any water content

Low The thread can barely be rolled and the lump cannot be
formed when drier than the plastic limit

Medium The thread s easy 10 roll and not much time [s required to
reach the plaslic limit. The thread cannat be rerolled after
reaching the plastic limit. The lump crumbles when drier
than the plastic limit

High It takes considerable time rolling and kneading to reach the

plastic limit, The thread can be rerolled several times after
reaching the plastic limit. The lump can be tormed without
crumbling when drier than the plastic limit

TABLE 12 Identification of Inorganic Fine-Grained Soils from

15.3.2 Identify the soil as a poorly graded gravel, GP, or as
a poarly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
graded).

15.4 The soil is either a gravel with fines or a sand with fines
if the percentage of fines is estimated to be 15 % or more.

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14.

15.4.2 Identify the soil as a silty gravel, GM, or a silty sand,
SM, if the fines are silty as determined by the procedures in
Section 14,

15.5 If the soil is estimated to contain 10 % fines, give the

%01l a dual identification using two group symbols.
15.5.1 The first group symbol shall correspond to a clean

Manual Tests
Soil Toughness
Symbol Dry Strengih Cliatancy and Plasticily
ML None ta low Slow o rapid Low or thread cannot be
formed
CL Medium to high Nane to slow Medium
MH Low to medium None to slow Low to medium
CH High to very high Naone High

gravel or sand (GW, GP, SW, SP) and the second symbol shall
correspond to a gravel or sand with fines (GC, GM, SC, SM).

15.5.2 The group name shall correspond to the first group
symbol plus the words “with clay” or “with silt" to indicate the

may have an organic odor. Often, organic soils will change
color, for example, black to brown, when exposed to the air.
Some organic soils will lighten in color significantly when air
dried. Organic soils normally will not have a high toughness or
plasticity. The thread for the toughness test will be spongy.

Norc 13—In some cases, through praclice and experience, it may be
possible to further identify the organic soils as organic silts or organic
clays, OL or OH. Correlations between the dilatancy, dry strength,
toughness tests, and laboratory tests can be made to identify organic soils
in certain deposits of similar materials of known geologic origin.

14.9 If the soil is estimated to have 15 to 25 % sand or
gravel, or both, the words “with sand” or “with gravel”
(whichever is more predominant) shall be added 1o the group
name. For example: “lean clay with sand, CL" or “silt with
gravel, ML” (see Fig. 1a and Fig. 1b). If the percentage of sand
is equal to the percentage of gravel, use “with sand.”

14,10 If the soil is estimated to have 30 % or more sand or
gravel, or both, the words “sandy” or “gravelly” shall be added
to the group name. Add the word “sandy” if there appears to be
more sand than gravel. Add the word “gravelly” if there
appears to be more gravel than sand. For example: “sandy lean
clay, CL”, “gravelly fat clay, CH", or “sandy silt, ML" (see Fig.
la and Fig. 1b). If the percentage of sand is equal to the percent
of gravel, usc “sandy.”

15. Procedure for [dentifying Coarse-Grained Soils
(Contains less than 50 % fines)

15.1 The soil is a gravel if the percentage of gravel is
estimalted to be more than the percentage of sand.

15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand il the
perccntage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as a
well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.
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plasticity characteristics of the fines. For example: “well-
graded gravel with clay, GW-GC" or “poorly graded sand with
silt, SP-SM” (see Fig. 2).

15.6 If the specimen is predominantly sand or gravel but
contains an estimated 15 % or more of the other coarse-grained
constituent, the words “with gravel” or “with sand” shall be
added to the group name, For example: “poorly graded gravel
with sand, GP" or “clayey sand with gravel, SC” (sec Fig. 2).

15.7 1f the field sample contains any cobbles or boulders, or
both, the words “with cobbles™ or “with cobbles and boulders™
shall be added to the group name. For example: “silty gravel
with cobbles, GM.”

16. Report

16.1 The report shall include the information as to origin,
and the items indicated in Table 13.

Note 14— Example: Clayey Gravel with Sand and Cabbles, GC—
About 50 % fine 1o coarse, subrounded o subangular gravel; about 30 %
fine to course, subrounded sand; about 20 % fines with medium plasticity,
high dry strength, no dilatancy, medium toughness; weak reaction with
HCI; original field sample had about 5 % (by volume) subrounded
cobbles, maximum dimension, 150 mm,

In-Place Conditions—Firm, homogeneous, dry, brown

Geologic Interpretation—Alluvial fan

Note 15—Other examples of soil descriptions and identfification are
given in Appendix X1 and Appendix X2.

Nore 16—If desired, the percentages of gravel, sand, and fines may be
stated in terms indicaling a range of percentages, as follows:

Trace—Particles are present but estimated to be less than 5 %

Few—5to 10 %

Little—15 to 25 %

Some—30 o 45 %

Mostly—50 to 100 %

16.2 If, in the soil description, the soil is identified using a
classification group symbol and name as described in Test
Method D2487, it must be distinctly and clearly stated in log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.
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TABLE 13 Checklist for Description of Soils

. Group name

. Group symbol

. Percent of cobbles or boulders, or both (by valume)

. Percent of gravel, sand, or fines, or all three (by dry weight)
. Particle-size range:

O L3 A -

Gravel—fine, coarse
Sand—fine, medium, coarse
6. Particle angularity: angular, subangular, subrounded, rounded
7. Pariicle shape: (if appropriate) flat, elongated, flat and elongated
8, Maximum pariicle size or dimension
9. Hardness of coarse sand and larger particles
10. Plasticity of fines: nonplastic, low, madium, high
11. Dry strength: none, low, medium, high, very high
12. Dilatancy: none, slow, rapid
13. Toughness: low, medium, high
14, Color (in moist condition)
15. Odor (mention only if organic or unusual)
16. Molsture: dry, moist, wet
17. Reaction with HCI: nane, weak, strong
For intact samples:
18.. Consistency (fine-grained solls only): very soft, soft, firm, hard, very hard
19. Structure: stratilied, laminated, fissured, slickensided, lensed, homo-
geneous
20. Cementation: weak, moderate, strong
21. Local name
22. Geologic interpretation
23. Additlanal comments: presence of rools or root holes, presence of mica,
gypsum, elc., surtace coatings on coarse-grainad paricles, caving or
sloughing of auger hole or trench sides, difficulty in augering or excavaling,
etc.

17. Precision and Bias

17.1 This practice provides qualitative information only,
thercfore, a precision and bias statement is nol applicable.

18. Keywords

18.1 classification; clay; gravel; organic soils; sand; silt; soil
classification; soil description; visual classification

APPENDIXES

{(Nonmandaltory Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the information
required in 16.1 can be reported. The information that is
included in descriptions should be based on individual circum-
stances and need.

X1.1.1 Well-Graded Gravel with Sand (GW)—About 75 %
fine to coarse, hard, subangular gravel; about 25 % fine 1o
coarse, hard, subangular sand; trace of fines; maximum size, 75
mm, brown, dry; no reaction with HCI.

X1.1.2 Silty Sand with Gravel (§M)—About 60 % predomi-
nantly fine sand; about 25 % silty fines with low plasticity, low
dry strength, rapid dilatancy, and low toughness; about 15 %
fine, hard, subrounded gravel, a few gravel-size particles
fractured with hammer blow; maximum size, 25 mm; no
reaction with HCl (Note—Field sample size smaller than
recommended).

In-Place Conditions—Firm, stratified and contains lenses of
§ilt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray;
in-place density 106 Ib/ft’; in-place moisture 9 %.
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X1.1.3 Organic Soil (OL/OH)—About 100 % fines with
low plasticity, slow dilatancy, low dry strength, and low
toughness; wet, dark brown, organic odor; weak reaction with
HCL

X1.1.4 Silty Sand with Organic Fines (SM)—About 75 %
fine to coarse, hard, subangular reddish sand; aboul 25 %
organic and silty dark brown nonplastic fines with no dry
strength and slow dilatancy; wet; maximum size, coarse sand;
weak reaction with HCL

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—About 75 % fine to coarse, hard, sub-
rounded to subangular gravel; about 15 % fine, hard, sub-
rounded to subangular sand; about 10 % silty nonplastic fines;
moist, brown; no reaction with HCI; original field sample had
about 5 % (by volume) hard, subrounded cobbles and a trace of
hard, subrounded boulders, with a maximum dimension of 18
in. (450 mm).
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X2, USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, siltstone, mudstone, etc., but con-
vert to soils after field or laboratory processing (crushing,
slaking, and the like).

X2.2 Materials such as shells, crushed rock, slag, and the
like, should be identified as such. However, the procedures
used in this practice for describing the particle size and
plasticity characteristics may be used in the description of the
material. If desired, an identification using a group name and
symbol according to this practice may be assigned to aid in
describing the material.

X2.3 The group symbol(s) and group names should be
placed in quotation marks or noted with some type of distin-
guishing symbol. See examples.

X2.4 Examples of how group names and symbols can be
incororated into a descriptive system for materials that are not
naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. (50 to 100-
mm) picces of shale from power auger hole, dry, brown, no
reaction with IICL. After slaking in water for 24 h, material
identified as “Sandy Lean Clay (CL)”; about 60 % fines with
medium plasticity, high dry strength, no dilatancy, and medium
toughness; about 35 % fine to medium, hard sand; about 5 %
gravel-size pieces of shale,

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation; “Poorly Graded Sand with Silt (SP-SM)"; about
90 % fine to medium sand; about 10 % nonplastic fines; dry,
reddish-brown.

X2.4.3 Broken Shells—About 60 % uniformly graded
gravel-size broken shells; about 30 % sand and sand-size shell
pieces; about 10 % nonplastic fines; *Poorly Graded Gravel
with 8ilt and Sand (GP-GM).”

X2.4.4 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; “Poorly Graded Gravel (GP)"; about 90 % fine,
hard, angular gravel-size particles; about 10 % coarse, hard,
angular sand-size particles; dry, tan; no reaction with HCL

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS.

X3.1 Since this practice is based on estimates of particle
size distribution and plasticity characteristics, it may be diffi-
cult to clearly identify the soil as belonging to one category. To
indicate that the soil may fall into one of two possible basic
groups, a borderline symbol may be used with the two symbols
separated by a slash. For example: SC/CL or CL/CH.

X3.1.1 A borderline symbol may be used when the percent-
age of fines is estimated to be between 45 and 55 %. One
symbol should be for a coarse-grained soil with fines and the
other for a fine-grained soil. For example: GM/ML or CL/SC.

X3.1.2 A borderline symbol may be used when the percent-
age of sand and the percentage of gravel arc estimated to be
about the same. For example: GP/SP, SC/GC, GM/SM. 1t is
practically impossible to have a soil that would have a
borderline symbol of GW/SW.

X3.1.3 A borderline symbol may be used when the soil
could be cither well graded or poorly graded. For example:
GW/GP, SW/SP.

X3.1.4 A borderline symbol may be used when the soil
could either be a silt or a clay. For example: CL/ML, CH/MH,
SC/SM.
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X3.1.5 A borderline symbol may be used when a fine-
grained soil has properties that indicate that it is at the
boundary between a soil of low compressibility and a soil of
high compressibility. For example: CL/CH, MIT/ML.

X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example; soils
in a borrow area have been identified as CH. One sample is
considered to have a borderline symbol of CL and CH. To
show similarity, the borderline symbal should be CH/CL.

X3.3 The group name for a soil with a borderline symbol
should be the group name for the first symbol, except for:
CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X3.4 The use of a borderline symbol should not be used
indiscriminately. Every cffort shall be made to first place the
soil into a single group.
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X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relative percentage of coarse- and
fine-grained material may be estimated by thoroughly shaking
a mixture of soil and water in a test tube or jar, and then
allowing the mixture to settle. The coarse particles will fall to
the bottom and successively finer particles will be deposited
with increasing time; the sand sizes will fall out of suspension

in 20 to 30 s. The relative proportions can be estimated from
the relative volume of each size separate, This method should

be correlated to particle-size laboratory determinations,

X4.2 Visual Method—Mentally visualize the gravel size

particles placed in a sack (or other container) or sacks. Then,
do the same with the sand size particles and the fines. Then,
mentally compare the number of sacks to estimate the percent-
age of plus No. 4 sieve size and minus No. 4 sicve size present.

The percentages of sand and fines in the minus sieve size No.
4 material can then be estimated from the wash test (X4.3),

X43 Wash Test (for relative percentages of sand and
fines)—Select and moisten enough minus No. 4 sicve size
material to form a 1-in (25-mm) cube of soil. Cut the cube in
half, set one-half to the side, and place the other half in a small
dish. Wash and decant the fines out of the material in the dish
until the wash water is clear and then compare the two samples
and estimate the percentage of sand and fines. Remember that
the percentage is based on weight, not volume. However, the
volume comparison will provide a reasonable indication of
grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lumps of fines with the finger to get the correct percentages.

X5. ABBREVIATED SOIL CLASSIFICATION SYMBOLS

X5.1 1In some cases, because of lack of space, an abbrevi-
ated system may be useful to indicate the soil classification
symbol and name. Examples of such cases would be graphical
logs, databases, tables, etc.

X5.2 This abbreviated system is not a substitute for the full
name and descriptive information but can be used in supple-

mentary presentations when the complete description is refer-

enced,

X5.3 The abbreviated system should consist of the soil

classification symbol based on this standard with appropriate

lower case letter prefixes and suffixes as:

Prafix: Suffix:
5= sandy 5 = with sand
g = gravelly g =with gravel

¢ = Wwith cobbles
b =wilh boulders

XS54 The soil classification symbol is to be enclosed in
parenthesis. Some examples would be:

Group Symbol and Full Name Abbreviated
CL, Sandy lean clay s(CL)
SP-SM, Peorly graded sand with silt and gravel (SP-SM)g
GF, poorly graded gravel with sand, cobbles, and (GP)sch
boulders

ML, gravelly siit with sand and cobbles g(ML)sc

SUMMARY OF CHANGES
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(D248 — 09) that may impact the use of this standard. (Approved June 15, 2009.)

(1) Revised Section 1.2,3.
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in this standard. Users of this standard are expressly advised thal determination of the validity of any such patent rights, and ihe risk
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METHOD 1312

YNTHETIC P TATION ACH P RE

1.0 SCOPE AND APPLICATION

i1 Method 1312 is designed to determine the mobility of both organic
and inorganic analytes present in liquids, soils, and wastes.

2.0  SUMMARY OF METHOD

2.1 For Tiquid samples (i.e., those containing less than 0.5 % dry
solid material), the sample, after filtration through a 0.6 Lo 0.8 um glass fiber
filter, is defined as the 1312 extract.

2.2 For samples containing greater than 0.5 % solids, the 1iquid phase,
if any., is separated from the solid phase and stored for later analysis: the
particle size of the solid phase is reduced, if necessary. The solid phase is
extracted with an amount of extraction fluid equal to 20 times the weight of the
solid phase. The extraction fluid employed is a function of the region of the
country where the sample site is located if the saemple is a soil. If the sample
is a waste or wastewater, the extraction fluid employed is a pH 4.2 solution.
A special extractor vessel is used when testing for volatile analytes (see Table
1 for a 1ist of volatile compounds). Following extraction, the liquid extract
is separated from the solid phase by filtration through a 0.6 to 0.8 um glass
fiber filter.

e If compatible (i.e., multiple phases will not form on combination),
the initial liquid phase of the waste is added to the liquid extract, and these
are analyzed together. I[f incompatible., the liquids are analyzed separately and
the results are mathematically combined to yield a volume-weighted average
concentration.

3.0 INTERFERENCES

Lyl Potential interferences that may be encountered during analysis are
discussed in the individual analytical methods.

4.0  APPARATUS AND MATERIALS

4.1 Agitation apparatus: The agitation apparatus must be capable of
rotating the extraction vessel in an end-over-end fashion (see Figure 1) at 30
+ 2 rpm. Suitable devices known to EPA are jdentified in Table 2.

4.2 Extraction Vessels

4.2.1 Zero Headspace [xtraction Vessel (ZHE). This device is for
use only when the sample is being tested for the mobility of volatile
analytes (j.e., those listed in Table 1). The ZHE (depicted in Figure 2)
allows for ligquid/solid separation within the device and effectively
precludes headspace. This type of vessel allows for initial liquid/solid
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separation, extraction, and final extract filtration without opening the
vessel (see Step 4.3.1). These vessels shall have an internal volume of
500-600 mL and be equipped to accommodate a 90-110 mm filter. The devices
contain VITON® O-rings which should be replaced frequently. Suitable ZHE
devices known to EPA are identified in Table 3.

For the ZHE to be acceptable for use, the piston within the ZHE
should be able to be moved with approximately 15 psig or less. If it
takes more pressure to move the piston, the O-rings in the device should
be replaced. If this does not solve the problem, the ZHE is unacceptable
for 1312 analyses and the manufacturer should be contacted.

The ZHE should be checked for leaks after every extraction. If the
device contains a built-in pressure gauge, pressurize the device to 50
psig, allow it to stand unattended for 1 hour, and recheck the pressure.
If the device does not have a built-in pressure gauge, pressurize the
device to 50 psig, submerge it in water, and check for the presence of air
bubbles escaping from any of the fittings. If pressure is lost, check all
fittings and inspect and replace 0O-rings, if necessary. Retest the
device. If leakage problems cannot be solved, the manufacturer should be
contacted.

Some ZHEs use gas pressure to actuate the ZHE piston, while others
use mechanical pressure (see Table 3). Whereas the volatiles procedure
(see Step 7.3) refers to pounds-per-square-inch (psig), for the
mechanically actuated piston, the pressure applied is measured in torque-
inch-pounds. Refer to the manufacturer's instructions as to the proper
conversion.

4.2.2 Bottle Extraction Vessel. When the sample is being
evaluated using the nonvolatile extraction, a jar with sufficient capacity
to hold the sample and the extraction fluid is needed. Headspace is
allowed in this vessel.

The extraction bottles may be constructed from various materials,
depending on the analytes to be analyzed and the nature of the waste (see
Step 4.3.3). It is recommended that borosilicate glass bottles be used
instead of other types of glass, especially when inorganics are of
concern. Plastic bottles, other than polytetrafiuoroethylene, shall not
be used if organics are to be investigated. Bottles are available from a
number of laboratory suppliers. When this type of extraction vessel is
used, the filtration device discussed in Step 4.3.2 is used for initial
liquid/solid separation and final extract filtration.

4.3 Filtration Devices: It is recommended that all filtrations be
med in a hood.

4.3.1 lZero-Headspace Extraction Vessel (ZHE): When the sample
is evaluated for volatiles, the zero-headspace extraction vessel described
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in Step 4.2.1 is used for filtration. The device shall be capable of
supporting and keeping in place the glass fiber filter and be able to
withstand the pressure needed to accomplish separation (50 psig).

NOTE: When it is suspected that the glass fiber filter has been
ruptured, an in-line glass fiber filter may be used to filter the
material within the ZHE.

4.3.2 Filter Holder: When the sample is evaluated for other than
volatile analytes, a filter holder capable of supporting a glass fiber
filter and able to withstand the pressure needed to accomplish separation
may be used. Suitable filter holders range from simple vacuum units to
relatively complex systems capable of exerting pressures of up to 50 psig
or more. The type of filter holder used depends on the properties of the
material to be filtered (see Step 4.3.3). These devices shall have a
minimum internal volume of 300 mL and be equipped to accommodate a minimum
filter size of 47 mm (filter holders having an internal capacity of 1.5 L
or greater, and equipped to accommodate a 142 mm diameter filter, are
recommended). Vacuum filtration can only be used for wastes with low
solids content (<10 %) and for highly granular, liquid-containing wastes.
A11 other types of wastes should be filtered using positive pressure
filtration. Suitable filter holders known to EPA are listed in Table 4.

4.3.3 Materials of Construction: Extraction vessels and
filtration devices shall be made of inert materials which will not leach
or absorb sample components of interest. Glass, polytetrafluoroethylene
(PTFE), or type 316 stainless steel equipment may be used when evaluating
the mobility of both organic and inorganic components. Devices made of
high-density polyethylene (HDPE), polypropylene (PP), or polyvinyl
chloride (PVC) may be used only when evaluating the mobility of metals.
Borosilicate glass bottles are recommended for use over other types of
glass bottles, especially when inorganics are analytes of concern.

4.4 Filters: Filters shall be made of borosilicate glass fiber, shall
contain no binder materials, and shall have an effective pore size of 0.6 to
0.8-um . Filters known to EPA which meet these specifications are identified in
Table 5. Pre-filters must not be used. When evaluating the mobility of metals,
filters shall be acid-washed prior to use by rinsing with IN nitric acid followed
by three consecutive rinses with reagent water (a minimum of 1-L per rinse is
recommended). Glass fiber filters are fragile and should be handled with care.

4.5 pH Meters: The meter should be accurate to £ 0.05 units at 25°C.

4.6 ZHE Extract Collection Devices: TEDLAR® bags or glass, stainless
steel or PTFE gas-tight syringes are used to collect the initial 1iquid phase and
the final extract when using the ZHE device. These devices Tlisted are
recommended for use under the following conditions:

2TEDLAR® is a registered trademark of Du Pont.
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4.6.1 If a waste contains an aqueous liquid phase or if a waste
does not contain a significant amount of nonaqueous Tiquid (i.e., <1 % of
total waste), the TEDLAR® bag or a 600 mL syringe should be used to collect
and combine the initial liquid and solid extract.

4.6.2 If a waste contains a significant amount of nonaqueous
1iquid in the initial 1liquid phase (i.e., >1 % of total waste), the
syringe or the TEDLAR® bag may be used for both the initial solid/1iquid
separation and the final extract filtration. However, analysts should use
one or the other, not both.

4.6.3 If the waste contains no initial liquid phase (is 100 %
solid) or has no significant solid phase (is <0.5% solid) , either the
TEDLAR® bag or the syringe may be used. If the syringe is used, discard
the first 5 mL of 1liquid expressed from the device. The remaining
aliquots are used for analysis.

4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of
transferring the extraction fluid into the ZHE without changing the nature of the
extraction fluid is acceptable (e.g., a positive displacement or peristaltic
pump, a gas-tight syringe, pressure filtration unit (see Step 4.3.2), or other
ZHE device).

4.8 Laboratory Balance: Any laboratory balance accurate to within +
0.01 grams may be used (all weight measurements are to be within + 0.1 grams).

4.9 Beaker or Erlenmeyer flask, glass, 500 mL.

4.10 Watchglass, appropriate diameter to cover beaker or Erlenmeyer
flask.

4,11 Magnetic stirrer.
5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available. Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

BDia Reagent Water. Reagent water is defined as water in which an
interferant is not observed at or above the method's detection limit of the
analyte(s) of interest. For nonvolatile extractions, ASTM Type II water or
equivalent meets the definition of reagent water. For volatile extractions, it
is recommended that reagent water be generated by any of the following methods.
Reagent water should be monitored periodically for impurities.

B2l Reagent water for volatile extractions may be generated
by passing tap water through a carbon filter bed containing about 500
grams of activated carbon (Calgon Corp., Filtrasorb-300 or equivalent).
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52,2 A  water purification system (Millipore Super-Q or
equivalent) may alsoc be used to generate reagent water for volatile
extractions.

5.2.3 Reagent water for volatile extractions may also be prepared
by boiling water for 15 minutes, Subseguently, while maintaining the
water temperature at 90 + 5 degrees C, bubble a contaminant-free inert gas
(e.g. nitrogen) through the water for 1 hour. While still hot, transfer
the water to a narrow mouth screw-cap bottle under zero-headspace and seal
with a Teflon-Tined septum and cap.

5.3 Sulfuric acid/nitric acid (60/40 weight percent mixture) H,50,/HNO,.
Cautiously mix 60 g of concentrated sulfuric acid with 40 g of concentrated
nitric acid. If preferred, a more dilute H,S0,/HNO, acid mixture may be prepared
and used in steps 5.4.1 and 5.4.2 making it easier to adjust the pH of the
extraction fluids.

5.4 Extraction fluids.

5.4.1 Extraction fluid #1: This fluid is made by adding the
60/40 weight percent mixture of sulfuric and nitric acids (or a suijtable
dilution) to reagent water (Step 5.2) until the pH is 4.20 + 0.05. The
fluid is used to determine the Teachability of soil from a site that is
east of the Mississippi River, and the TJeachability of wastes and
wastewaters.

NOTE: Solutions are unbuffered and exact pH may not be attained.

5.4.2 Extraction fluid #2: This fluid is made by adding the
60/40 weight percent mixture of sulfuric and nitric acids (or a suitable
dilution) to reagent water (Step 5.2) until the pH is 5.00 + 0.05. The
fluid is used to determine the leachability of soil from a site that is
west of the Mississippi River.

5.4.3 Extraction fluid #3: This fluid is reagent water (Step
5.2) and is used to determine cyanide and volatiles leachability.

NOTE: These extraction fluids should be monitored frequently for
impurities. The pH should be checked prior to use to ensure that
these fluids are made up accurately, If impurities are found or
the pH is not within the above specifications, the fluid shall be
discarded and fresh extraction fluid prepared.

5.5 Analytical standards shall be prepared according to the appropriate
analytical method.

6.0  SAMPLE COLLECTION, PRLSERVATION, AND HANDLING
6.1 A1l samples shall be collected using an appropriate sampling plan.
6.2 There may be requirements on the minimal size of the field sample

depending upon the physical state or states of the waste and the analytes of
concern. An aliquot is needed for the preliminary evaluations of the percent
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solids and the particle size. An aliquot may be needed to conduct the
nonvolatile analyte extraction procedure. If volatile organics are of concern,
another aliquot may be needed. Quality control measures may require additional
aliquots. Further, it is always wise to collect more sample just in case
something goes wrong with the initial attempt to conduct the test.

6.3 Preservatives shall not be added to samples before extraction.

6.4 Samples may be refrigerated unless refrigeration results in
irreversible physical change to the waste. If precipitation occurs, the entire
sample (including precipitate) should be extracted.

6.5 When the sample is to be evaluated for volatile analytes, care
shall be taken to minimize the Toss of volatiles. Samples shall be collected and
stored in a manner intended to prevent the loss of volatile analytes (e.g.,
samples should be collected in Teflon-lined septum capped vials and stored at
4°C. Samples should be opened only immediately prior to extraction).

6.6 1312 extracts should be prepared for analysis and analyzed as soon
as possible following extraction. Extracts or portions of extracts for metallic
analyte determinations must be acidified with nitric acid to a pH < 2, unless
precipitation occurs (see Step 7.2.14 if precipitation occurs). Extracts should
be preserved for other analytes according to the guidance given in the individual
analysis methods. Extracts or portions of extracts for organic analyte
determinations shall not be allowed to come into contact with the atmosphere
(i.e., no headspace) to prevent losses. See Step 8.0 (Quality Control) for
acceptable sample and extract holding times.

7.0  PROCEDURE
7.1 Preliminary Evaluations

Perform preliminary 1312 evaluations on a minimum 100 gram aliquot of
sample. This aliquot may not actually undergo 1312 extraction. These
preliminary evaluations include: (1) determination of the percent solids (Step
7.1.1); (2) determination of whether the waste contains insignificant solids and
is, therefore, its own extract after filtration (Step 7.1.2); and (3)
determination of whether the solid portion of the waste requires particle size
reduction (Step 7.1.3).

Liilis 1 Preliminary determination of percent solids: Percent
solids is defined as that fraction of a waste sample (as a percentage of
the total sample) from which no Tiquid may be forced out by an applied
pressure, as described below.

7.1.1.1 If the sample will obviously yield no free
liquid when subjected to pressure filtration (i.e., is 100% solid),
weigh out a representative subsample (100 g minimum) and proceed
to Step 7.1.3.

7elale2 If the sample 1is 1liquid or multiphasic,
1iquid/solid separation to make a preliminary determination of
percent solids is required. This involves the filtration device
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discussed in Step 4.3.2, and is oullined in Steps 7.1.1.3 through
LA LS,

7.1.1.3 Pre-weigh the filter and the container that will
receive the filtrate.

7.1.1.4 Assemble filter holder and filter following the
manufacturer's instructions. Place the filter on the support
screen and secure.

7.1.1.5 Weigh out a subsample of the waste (100 gram
minimum) and record the weight.

7.1.1.6 Allow slurries to stand to permit the solid phase
to settle. Samples that settle slowly may be centrifuged prior to
filtration. Centrifugation is to be used only as an aid to
filtration. [If used, the 1iquid should be decanted and filtered
followed by filtration of the solid portion of the waste through
the same filtration system.

7.1.1.7 Quantitatively transfer the sample to the filter
holder (liquid and solid phases). Spread the sample evenly over
the surface of the filter. If filtration of the waste at 4°C
reduces the amount of expressed liquid over what would be expressed
at room temperature, then allow the sample to warm up to room
temperature in the device before filtering.

Gradually apply vacuum or gentle pressure of 1-10 psig,
until air or pressurizing gas moves through the filter, If this
point is not reached under 10 psig, and if no additional liquid has
passed through the filter in any 2-minute interval, slowly increase
the pressure in 10 psig increments to a maximum of 50 psig. After
each incremental increase of 10 psig, if the pressurizing gas has
not moved through the filter, and if no additional Tiquid has
passed through the filter in any 2-minute interval, proceed to the
next 10-psig increment. When the pressurizing gas begins to move
through the filter, or when liquid flow has ceased at 50 psig
(i.e., filtration does not result in any additional filtrate within
any 2-minute period), stop the filtration.

NOTE: [f sample material (>1 % of original sample weight) has
obviously adhered to the container used to transfer the sample to
the filtration apparatus, determine the weight of Lhis residue and
subtract it from the sample weight determined in Step 7.1.1.5 ta
determine the weight of the sample that will be filtered.

NOTE: Instantaneous application of high pressure can degrade the
glass fiber filter and may cause premature plugging.

7.1.1.8 The material in the filter holder is defined as
the solid phase of the sample, and the filtrate is defined as the
Tiquid phase.
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NOTE: Some samples, such as oily wastes and some paint wastes,
will obviously contain some material that appears to be a liguid,
but even after applying vacuum or pressure filtration, as outlined
in Step 7.1.1.7, this material may not filter. 1If this is the
case, the material within the filtration device is defined as a
solid. Do not replace the original filter with a fresh filter
under any circumstances. Use anly one filter.

7.1.1.9 Determine the weight of the liquid phase by
subtracting the weight of the filtrate container (see Step 7.1.1.3)
from the total weight of the filtrate-filled container. Determine
the weight of the solid phase of the sample by subtracting the
weight of the 1iquid phase from the weight of the total sample, as
determined in Step 7.1.1.5 or 7.1.1.7.

Record the weight of the 1liguid and solid phases.
Calculate the percent solids as follows:

Weight of solid (Step 7.1.1.9)
Percent solids = x 100

Total weight of waste (Step 7.1.1.5 or 7.1.1.7)

P (B If the percent solids determined in Step 7.1.1.9 is equal
to or greater than 0.5%, then proceed either to Step 7.1.3 to determine
whether the solid material requires particle size reduction or to Step
7.1.2.1 if it is noticed that a small amount of the filtrate is entrained
in wetting of the filter. If the percent solids determined in Step
7.1.1.9 is less than 0.5%, then proceed to Step 7.2.9 if the nonvolatile
1312 analysis is to be performed, and to Step 7.3 with a fresh portion of
the waste if the volatile 1312 analysis is to be performed.

FolyZad Remove the solid phase and filter from the
filtration apparatus.

7.,1,2.2 Dry the filter and solid phase at 100 £ 20°C
until two successive weighings yield the same value within + 1 #%.
Record the final weight.

Caution: The drying oven should be vented to a hood or other
appropriate device to eliminate the possibility of fumes from the
sample escaping inte the Tlaboratory. Care should be taken to
ensure that the sample will not flash or violently react upon
heating.

7.1.2.3 Calculate the percent dry solids as follows:

Percent (Weight of dry sample + filter) - tared weight of filter

dry solids = x 100
Initial weight of sample (Step 7.1.1.5 or 7.1.1.7)
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7.1.2.4 If the percent dry solids is less than 0.5%,
then proceed to Step 7.2.9 if the nonvolatile 1312 analysis is to
be performed, and to Step 7.3 if the volatile 1312 analysis is to
be performed. If the percent dry solids is greater than or equal
to 0.5%, and if the nonvolatile 1312 analysis is to be performed,
return to the beginning of this Step (7.1) and, with a fresh
portion of sample, determine whether particle size reduction is
necessary (Step 7.1.3).

7:.1:3 Determination of whether the sample requires particle-size
reduction (particle-size is reduced during this step): Using the solid
portion of the sample, evaluate the solid for particle size. Particle-
size reduction is required, unless the solid has a surface area per gram
of material equal to or greater than 3.1 cm?, or is smaller than 1 cm in
its narrowest dimension (i.e., is capable of passing through a 9.5 mm
(0.375 1inch) standard sieve). If the surface area is smaller or the
particle size larger than described above, prepare the solid portion of
the sample for extraction by crushing, cutting, or grinding the waste to
a surface area or particle size as described above. If the solids are
prepared for organic volatiles extraction, special precautions must be
taken (see Step 7.3.6).

NOTE : Surface area criteria are meant for filamentous (e.g.,
paper, cloth, and similar) waste materials. Actual measurement of
surface area is not required, nor is it recommended. For materials
that do not obviously meet the criteria, sample-specific methods
would need to be developed and employed to measure the surface
area. Such methodology is currently not available.

o [ Determination of appropriate extraction fluid:

A [ ey | For soils, if the sample is from a site that is
east of the Mississippi River, extraction fluid #1 should be used.
If the sample is from a site that is west of the Mississippi River,
extraction fluid #2 should be used.

7.1.4.2 For wastes and wastewater, extraction fluid #1
should be used.

7.1.4.3 For cyanide-containing wastes and/or soils,
extraction fluid #3 (reagent water) must be used because leaching
of cyanide-containing samples under acidic conditions may result
in the formation of hydrogen cyanide gas.

7al:5 If the aliquot of the sample used for the preliminary
evaluation (Steps 7.1.1 - 7.1.4) was determined to be 100% solid at Step
7.1.1.1, then it can be used for the Step 7.2 extraction (assuming at
least 100 grams remain), and the Step 7.3 extraction (assuming at Teast 25
grams remain). If the aliquot was subjected to the procedure in Step
7.1.1.7, then another aliquot shall be used for the volatile extraction
procedure in Step 7.3. The aliquot of the waste subjected to the
procedure in Step 7.1.1.7 might be appropriate for use for the Step 7.2
extraction if an adequate amount of solid (as determined by Step 7.1.1.9)
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was obtained. The amount of solid necessary is dependent upon whether a
sufficient amount of extract will be produced to support the analyses. If
an adequate amount of solid remains, proceed to Step 7.2.10 of the
nonvolatile 1312 extraction.

T2 Procedure When Volatiles Are Not Involved

A minimum sample size of 100 grams (solid and 1liquid phases) is
recommended. In some cases, a larger sample size may be appropriate, depending
on the solids content of the waste sample (percent solids, See Step 7.1.1),
whether the initial liquid phase of the waste will be miscible with the aqueous
extract of the solid, and whether inorganics, semivolatile organics, pesticides,
and herbicides are all analytes of concern. Enough solids should be generated
for extraction such that the volume of 1312 extract will be sufficient to support
all of the analyses required. If the amount of extract generated by a single
1312 extraction will not be sufficient to perform all of the analyses, more than
one extraction may be performed and the extracts from each combined and aliquoted
for analysis.

7.2.1 If the sample will obviously yield no lTiquid when subjected
to pressure filtration (i.e., is 100 % solid, see Step 7.1.1), weigh out
a subsample of the sample (100 gram minimum) and proceed to Step 7.2.9.

Tl ? If the sample is T1iquid or multiphasic, 1liquid/solid
separation is required. This involves the filtration device described in
Step 4.3.2 and is outlined in Steps 7.2.3 to 7.2.8.

7.2.3 Pre-weigh the container that will receive the filtrate.

71.2.4 Assemble the filter holder and filter following the
manufacturer's instructions. Place the filter on the support screen and
secure. Acid wash the filter if evaluating the mobility of metals (see
Step 4.4).

NOTE: Acid washed filters may be used for all nonvolatile
extractions even when metals are not of concern.

7.2.5 Weigh out a subsample of the sample (100 gram minimum) and
record the weight. If the waste contains <0.5 % dry solids (Step 7.1.2),
the 1iquid portion of the waste, after filtration, is defined as the 1312
extract. Therefore, enough of the sample should be filtered so that the
amount of filtered Tiquid will support all of the analyses required of the
1312 extract. For wastes containing >0.5 % dry solids (Steps 7.1.1 or
7.1.2), use the percent solids information obtained in Step 7.1.1 to
determine the optimum sample size (100 gram minimum) for filtration.
Enough solids should be generated by filtration to support the analyses to
be performed on the 1312 extract.

7.2.6 Allow slurries to stand to permit the solid phase to settle.
Samples that settle slowly may be centrifuged prior to filtration. Use
centrifugation only as an aid to filtration. If the sample is
centrifuged, the 1liquid should be decanted and filtered followed by
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filtration of the solid portion of the waste through the same filtration
system.

7.2.7 Quantitatively transfer the sample (liquid and solid phases)
to the filter holder (see Step 4.3.2). Spread the waste sample evenly
over the surface of the filter. If filtration of the waste at 4°C reduces
the amount of expressed liquid over what would be expressed at room
temperature, then allow the sample to warm up to room temperature in the
device before filtering.

Gradually apply vacuum or gentle pressure of 1-10 psig, until air
or pressurizing gas moves through the filter. [f this point if not
reached under 10 psig, and if no additional 1iquid has passed through the
filter in any 2-minute interval, slowly increase the pressure in 10-psig
increments to maximum of 50 psig. After each incremental increase of 10
psig, if the pressurizing gas has not moved through the filter, and if no
additional liquid has passed through the filter in any 2-minute interval,
proceed to the next 10-psig increment. When the pressurizing gas begins
to move through the filter, or when the 1iquid flow has ceased at 50 psig
(i.e., filtration does not result in any additional filtrate within a
2-minute period), stop the filtration.

NOTE: If waste material (>1 % of the original sample weight) has
obviously adhered to the container used to transfer the sample to
the filtration apparatus, determine the weight of this residue and
subtract it from the sample weight determined in Step 7.2.5, to
determine the weight of the waste sample that will be filtered.

NOTE:Instantaneous application of high pressure can degrade the
glass fiber filter and may cause premature plugging.

7.2.8 The material in the filter holder is defined as the solid
phase of the sample, and the filtrate is defined as the liquid phase.
Weigh the filtrate. The liquid phase may now be either analyzed (see Step
7.2.12) or stored at 4°C until time of analysis.

NOTE: Some wastes, such as oily wastes and some paint wastes, will
obviously contain some material which appears to be a 1iquid. Even
after applying vacuum or pressure filtration, as outlined in Step
7.2.7, this material may not filter. If this is the case, the
material within the filtration device is defined as a solid, and
is carried through the extraction as a solid. Do not replace the
original filter with a fresh filter under any circumstances. Use
only one filter.

7.2.9 If the sample contains <0.5% dry solids (see Step 7.1.2),
proceed to Step 7.2.13. If the sample contains >0.5 % dry solids (see
Step 7.1.1 or 7.1.2), and if particle-size reduction of the solid was
needed in Step 7.1.3, proceed to Step 7.2.10. If the sample as received
passes a 9.5 mm sieve, quantitatively transfer the solid material into the
extractor bottle along with the filter used to separate the initial 1iquid
from the solid phase, and proceed to Step 7.2.11.
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7.2.10 Prepare the solid portion of the sample for extraction by
crushing, cutting, or grinding the waste to a surface area or particle-
size as described in Step 7.1.3. When the surface area or particle-size
has been appropriately altered, quantitatively transfer the solid material
into an extractor bottle. Include the filter used to separate the initial
liquid from the solid phase.

NOTE: Sieving of the waste is not normally required. Surface area
requirements are meant for filamentous (e.q., paper, cloth) and
similar waste materials. Actual measurement of surface area is not
recommended. If sieving is necessary, a Teflon-coated sieve should
be used to avoid contamination of the sample.

7.2.11 Determine the amount of extraction fluid to add to the
extractor vessel as follows:

20 x % solids (Step 7.1.1) x weight of waste
filtered (Step 7.2.5 or 7.2.7)

extraction fluid

CD-ROM

100

Slowly add this amount of appropriate extraction fluid (see Step
7.1.4) to the extractor vessel. Close the extractor bottle tightly (it is
recommended that Teflon tape be used to ensure a tight seal), secure in
rotary extractor device, and rotate at 30 + 2 rpm for 18 + 2 hours.
Ambient temperature (i.e., temperature of room in which extraction takes
place) shall be maintained at 23 + 2°C during the extraction period.

NOTE: As agitation continues, pressure may build up within the
extractor bottle for some types of sample (e.g., Timed or calcium
carbonate-containing sample may evolve gases such as carbon
dioxide). To relieve excess pressure, the extractor bottle may be
periodically opened (e.g., after 15 minutes, 30 minutes, and 1
hour) and vented into a hood.

7.2.12 Following the 18 + 2 hour extraction, separate the material
in the extractor vessel into its component liquid and solid phases by
filtering through a new glass fiber filter, as outlined in Step 7.2.7.
For final filtration of the 1312 extract, the glass fiber filter may be
changed, if necessary, to facilitate filtration. Filter(s) shall be
acid-washed (see Step 4.4) if evaluating the mobility of metals.

7.2.13 Prepare the 1312 extract as follows:

7.2.13.1 If the sample contained no initial liquid phase,
the filtered 1iquid material obtained from Step 7.2.12 is defined
as the 1312 extract. Proceed to Step 7.2.14.

7.2.13.2 1f compatible (e.g., multiple phases will not
result on combination), combine the filtered 1iquid resulting from
Step 7.2.12 with the initial Tiquid phase of the sample obtained
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in Step 7.2.7. This combined 1liquid is defined as the 1312
extract. Proceed to Step 7.2.14.

7.2.13.3 If the initial liquid phase of the waste, as
obtained from Step 7.2.7, is not or may not be compatible with the
filtered Tiquid resulting from Step 7.2.12, do not combine these
liguids. Analyze these liquids, collectively defined as the 1312
extract, and combine the results mathematically, as described in
Step 7.2.14,

7.2.14 Following collection of the 1312 extract, the pH of the
extract should be recorded. Immediately aliquot and preserve the extract
for analysis. Metals aliquots must be acidified with nitric acid to pH <
2. IF precipitation is observed upon addition of nitric acid to a small
aliquot of the extract, then the remaining portion of the extract for
metals analyses shall not be acidified and the exlract shall be analyzed
as soon as possible. A11T other aliquots must be stored under
refrigeration (4°C) until analyzed. The 1312 extract shall be prepared
and analyzed according to appropriate analylical methods. 1312 extracts
to be analyzed for metals shall be acid digested except in those instances
where digestion causes loss of metallic analytes. If an analysis of the
undigested extract shows that the concentration of any regulated metallic
analyte exceeds the regulatory level, then the waste is hazardous and
digestion of the exlract is not necessary. However, data on undigested
extracts alane cannot bhe used to demonstrate that the waste is not
hazardous. If the individual phases are to be analyzed separately,
determine the volume of the individual phases (to + 0.5 %), conduct the
appropriate analyses, and combine the results mathematically by using a
simple volume-weighted average:

(Vi) (Cp) + (V) (Cp)
Final Analyte Concentration =

Vi + V,
where:

V, = The volume of the first phase (L).

C, = The concentration of the analyte of concern in the first phase (mg/L).

V, = The volume of the second phase (L).

C, = The concentration of the analyte of concern in the second phase
(mg/L).

7.2.15 Compare the analyte concentrations in the 1312 extract with
the levels identified in the appropriate requlations. Refer to Section
8.0 for quality assurance reguirements.

Fa3 Procedure When Volatiles Are Involved
Use the ZHE device to obtain 1312 extract for analysis of volatile

compounds only. Extract resulting from the use of the ZHE shall not be used to
evaluate the mobility of non-volalile analytes (e.q.. metals, pesticides, etc.).
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The ZHE device has approximately a 500 mL internal capacity. The ZHE can
thus accommodate a maximum of 25 grams of solid (defined as that fraction of a
sample from which no additional 1iquid may be forced out by an applied pressure
of 50 psig), due to the need to add an amount of extraction fluid equal to 20
times the weight of the solid phase.

Charge the ZHE with sample only once and do not open the device until the
final extract (of the solid) has been collected. Repeated filling of the ZHE to
obtain 25 grams of solid is not permitted.

Do not allow the sample, the initial liquid phase, or the extract to be
exposed to the atmosphere for any more time than is absolutely necessary. Any
manipulation of these materials should be done when cold (4°C) to minimize loss
of volatiles.

7.3.1 Pre-weigh the (evacuated) filtrate collection container
(see Step 4.6) and set aside. If using a TEDLAR® bag, express all liquid
from the Z7ZHE device into the bag, whether for the initial or final
liquid/solid separation, and take an aliquot from the liquid in the bag
for analysis. The containers listed in Step 4.6 are recommended for use
under the conditions stated in Steps 4.6.1-4.6.3.

7 o3l Place the ZHE piston within the body of the ZHE (it may be
helpful first to moisten the piston 0-rings slightly with extraction
fluid). Adjust the piston within the ZHE body to a height that will
minimize the distance the piston will have to move once the ZHE is charged
with sample (based upon sample size requirements determined from Step 7.3,
Step 7.1.1 and/or 7.1.2). Secure the gas inlet/outiet flange (bottom
flange) onto the ZHE body in accordance with the manufacturer's
instructions. Secure the glass fiber filter between the support screens
and set aside. Set Tiquid inlet/outlet flange (top flange) aside.

7.3.3 If the sample is 100% solid (see Step 7.1.1), weigh out
a subsample (25 gram maximum) of the waste, record weight, and proceed to
Step 7.3.5.

7.3.4 If the sample contains <0.5% dry solids (Step 7.1.2), the
liquid portion of waste, after filtration, is defined as the 1312 extract.
Filter enough of the sample so that the amount of filtered liquid will
support all of the volatile analyses required. For samples containing
20.5% dry solids (Steps 7.1.1 and/or 7.1.2), use the percent solids
information obtained in Step 7.1.1 to determine the optimum sample size to
charge into the ZHE. The recommended sample size is as follows:

7.3.4.1 For samples containing <5% solids (see Step
7.1.1), weigh out a 500 gram subsample of waste and record the
weight.

7.3.4.2 For wastes containing >5% solids (see Step
7.1.1), determine the amount of waste to charge into the ZHE as
follows:
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25

Weight of waste to charge ZHE = x 100

CD-ROM

percent solids (Step 7.1.1)

Weigh out a subsample of the waste of the appropriate size and
record the weight.

7.3.5 If particle-size reduction of the solid portion of the
sample was required in Step 7.1.3, proceed to Step 7.3.6. If particle-
size reduction was not required in Step 7.1.3, proceed to Step 7.3.7.

7.3.6 Prepare the sample for extraction by crushing, cutting, or
grinding the solid portion of the waste to a surface area or particle size
as described in Step 7.1.3.1. Wastes and appropriate reduction equipment
should be refrigerated, if possible, to 4°C prior to particle-size
reduction. The means used to effect particle-size reduction must not
generate heat in and of itself. If reduction of the solid phase of the
waste 1is necessary, exposure of the waste to the atmosphere should be
avoided to the extent possible.

NOTE: Sieving of the waste is not recommended due to the
possibility that volatiles may be Tlost. The use of an
appropriately graduated ruler is recommended as an acceptable
alternative. Surface area requirements are meant for filamentous
(e.q., paper, cloth) and similar waste materials. Actual
measurement of surface area is not recommended.

When the surface area or particle-size has been appropriately
altered, proceed to Step 7.3.7.

A Waste slurries need not be allowed to stand to permit the
solid phase to settle. Do not centrifuge samples prior to filtration.

738 Quantitatively transfer the entire sample (liquid and solid
phases) quickly to the ZHE. Secure the filter and support screens into
the top flange of the device and secure the top flange to the ZHE body in
accordance with the manufacturer's instructions. Tighten all ZHE fittings
and pltace the device in the vertical position (gas inlet/outlet flange on
the bottom). Do not attach the extraction collection device to the top
plate.

Note: [f sample material (>1% of original sample weight) has
obviously adhered to the container used to transfer the sample to
the ZHE, determine the weight of this residue and subtract it from
the sample weight determined in Step 7.3.4 to determine the weight
of the waste sample that will be filtered.

Attach a gas line to the gas iniet/outlet valve (bottom flange)
and, with the liquid inlet/outlet valve (top flange) open, begin applying
gentle pressure of 1-10 psig (or more if necessary) to force all headspace
slowly out of the ZHE device into a hood. At the first appearance of
liquid from the liquid inlet/outlet valve, quickly close the valve and
discontinue pressure. If filtration of the waste at 4°C reduces the
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amount of expressed 1liquid over what would be expressed at room
temperature, then allow the sample to warm up to room temperature in the
device before filtering. If the waste is 100 % solid (see Step 7.1.1),
slowly increase the pressure to a maximum of 50 psig to force most of the
headspace out of the device and proceed to Step 7.3.12.

7.3.9 Attach the evacuated pre-weighed filtrate collection
container to the 1liquid inlet/outlet valve and open the valve. Begin
applying gentle pressure of 1-10 psig to force the liquid phase of the
sample into the filtrate collection container. If no additional Tiquid
has passed through the filter in any 2-minute interval, slowly increase
the pressure in 10-psig increments to a maximum of 50 psig. After each
incremental increase of 10 psig, if no additional T1iquid has passed
through the filter in any 2-minute interval, proceed to the next 10-psig
increment. When liquid flow has ceased such that continued pressure
filtration at 50 psig does not result in any additional filtrate within a
2-minute period, stop the filtration. Close the 1liquid inlet/outlet
valve, discontinue pressure to the piston, and disconnect and weigh the
filtrate collection container.

NOTE: Instantaneous application of high pressure can degrade the
glass fiber filter and may cause premature plugging.

7.3.10 The material in the ZHE is defined as the solid phase of
the sample and the filtrate is defined as the 1iquid phase.

NOTE: Some samples, such as oily wastes and some paint wastes,
will obviously contain some material which appears to be a liquid.
Even after applying pressure filtration, this material will not
filter. If this is the case, the material within the filtration
device is defined as a solid, and is carried through the 1312
extraction as a solid.

If the original waste contained <0.5 % dry solids (see Step 7.1.2),
this filtrate is defined as the 1312 extract and is analyzed directly.
Proceed to Step 7.3.15.

7.3.11 The liquid phase may now be either analyzed immediately
(see Steps 7.3.13 through 7.3.15) or stored at 4°C under minimal headspace
conditions until time of analysis. Determine the weight of extraction
fluid #3 to add to the ZHE as follows:

20 x % solids (Step 7.1.1) x weight
of waste filtered (Step 7.3.4 or 7.3.8)

Weight of extraction fluid =
100

7.3.12 The following steps detail how to add the appropriate
amount of extraction fluid to the solid material within the ZHE and
agitation of the ZHE vessel. Extraction fluid #3 is used in all cases
(see Step 5.4.3).
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7.3.12.1 With the ZHE in the vertical position, attach a
Tine from the extraction fluid reservoir to the liquid inlet/outlet
valve. The line used shall contain fresh extraction fluid and
should be preflushed with fluid to eliminate any air pockets in the
line. Release gas pressure on the ZHE piston (from the gas
inlet/outlet valve), open the liquid inlet/outlet valve, and begin
transferring extraction fluid (by pumping or similar means) into
the ZHE. Continue pumping extraction fluid into the ZHE until the
appropriate amount of fluid has been introduced into the device.

7.3.12.2 After the extraction fluid has been added,
immediately close the liquid inlet/outlet valve and disconnect the
extraction fluid 1ine. Check the ZHE to ensure that all valves are
in their closed positions. Manually rotate the device in an
end-over-end fashion 2 or 3 times. Reposition the ZHE in the
vertical position with the 1liquid inlet/outlet valve on top.
Pressurize the ZHE to 5-10 psig (if necessary) and slowly open the
liquid inlet/outlet valve to bleed out any headspace (into a hood)
that may have been introduced due to the addition of extraction
fluid. This bleeding shall be done quickly and shall be stopped
at the first appearance of Tiquid from the valve. Re-pressurize
the ZHE with 5-10 psig and check all ZHE fittings to ensure that
they are closed.

7.3.12.3 Place the ZHE in the rotary extractor apparatus
(if it is not already there) and rotate at 30 + 2 rpm for 18 + 2
hours. Ambient temperature (i.e., temperature of room in which
extraction occurs) shall be maintained at 23 + 2°C during
agitation.

7.3.13 Following the 18 + 2 hour agitation period, check the
pressure behind the ZHE piston by quickly opening and closing the gas
inlet/outlet valve and noting the escape of gas. If the pressure has not
been maintained (i.e., no gas release observed), the ZHE is Tleaking.
Check the ZHE for leaking as specified in Step 4.2.1, and perform the
extraction again with a new sample of waste. If the pressure within the
device has been maintained, the material in the extractor vessel is once
again separated into its component liquid and solid phases. If the waste
contained an initial liquid phase, the Tiquid may be filtered directly
into the same filtrate collection container (i.e., TEDLAR® bag) holding the
initial 1liquid phase of the waste. A separate filtrate collection
container must be used if combining would create multiple phases, or there
is not enough volume left within the filtrate collection container.
Filter through the glass fiber filter, using the ZHE device as discussed
in Step 7.3.9. A1l extracts shall be filtered and collected if the TEDLAR®
bag is used, if the extract is multiphasic, or if the waste contained an
initial 1liquid phase (see Steps 4.6 and 7.3.1).

NOTE: An in-line glass fiber filter may be used to filter the
material within the ZHE if it is suspected that the glass fiber
filter has been ruptured
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7.3.14 If the original sample contained no initial liquid phase,
the filtered liquid material obtained from Step 7.3.13 is defined as the
1312 extract. If the sample contained an initial liquid phase, Lhe
filtered liquid material obtained from Step 7.3.13 and the initial 1iquid
phase (Step 7.3.9) are collectively defined as the 1312 extract.

7.3.15 Following collection of the 1312 extract, immediately
prepare the extract for analysis and store with minimal headspace at 4°C
until analyzed. Analyze the 1312 extract according to the appropriate
analytical methods. If the individual phases are to be analyzed
separately (i.e., are not miscible), determine the wvolume of the
individual phases (to 0.5%), conduct the appropriate analyses, and combine
the results mathematically by using a simple volume- weighted average:

(Vi) (Cy) + (V) (Cp)
Final Analyte =
Concentratian Vi+ V¥,

where:

V; = The volume of the first phases (L).

C; = The concentration of the analyte of concern in the first phase (mg/L),

V, = The volume of the second phase (L).

C, = The concentraticn of the analyte of concern in the second phase
(mg/L).

7.3,16 Compare the analyle concentrations in the 1312 extract with
the levels identified in the appropriate regulations. Refer to Step 8.0
for gquality assurance requirements.

8.0  QUALITY CONTROL

8.1 A minimum of one blank (using the same extraction fluid as used faor
the samples) for every 20 extractions that have been conducted in an extraction
vessel. Refer to Chapter One for additional quality control protocols.

8.2 A matrix spike shall be performed for each waste type (e.qg.,
wastewater treatment sludge, contaminated soil, etc.) unless the result exceeds
the regulatory level and the data is being used solely to demonstrate that the
waste property exceeds the regulatory level. A minimum of one matrix spike must
be analyzed for each analytical batch. As a minimum, follow the matrix spike
addition guidance provided in each analytical method.

8.2.1 Matrix spikes are to be added after filtration of the 1312
extract and before preservation. Matrix spikes should not be added prior
to 1312 extraction of the sample.

8.2.2 In most cases, matrix spike levels should be added at a
cancentration equivalent to the corresponding regulatory level. If the
analyte concentration is less than one half the regulatory Tlevel, thne
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spike concentration may be as Tlow as one half of the analyte
concentration, but may not be less than five times the method detection
1imit. In order to avoid differences in matrix effects, the matrix spikes
must be added to the same nominal volume of 1312 extract as that which was
analyzed for the unspiked sample.

8.2.3 The purpose of the matrix spike is to monitor the
performance of the analytical methods used, and to determine whether
matrix interferences exist. Use of other internal calibration methods,
modification of the analytical methods, or use of alternate analytical
methods may be needed to accurately measure the analyte concentration in
the 1312 extract when the recovery of the matrix spike is below the
expected analytical method performance.

8.2.4 Matrix spike recoveries are calculated by the following
formula:

%R (% Recovery) = 100 (X, - X,) / K
where:
X, = measured value for the spiked sample
X measured value for the unspiked sample, and
K known value of the spike in the sample.

u

8.3 ATl quality control measures described in the appropriate analytical
methods shall be followed.

8.4 The use of internal calibration quantitation methods shall be
employed for a metallic contaminant if: (1) Recovery of the contaminant from the
1312 extract is not at Tleast 50% and the concentration does not exceed the
appropriate regulatory level, and (2) The concentration of the contaminant
measured in the extract is within 20% of the appropriate regulatory level.

8.4.1. The method of standard additions shall be employed as the
internal calibration quantitation method for each metallic contaminant.

8.4.2 The method of standard additions requires preparing
calibration standards in the sample matrix rather than reagent water or
blank solution. It requires taking four identical aliquots of the
solution and adding known amounts of standard to three of these aliquots.
The forth aliquot is the unknown. Preferably, the first addition should
be prepared so that the resulting concentration is approximately 50% of
the expected concentration of the sample. The second and third additions
should be prepared so that the concentrations are approximately 100% and
150% of the expected concentration of the sample. A1l four aliquots are
maintained at the same final volume by adding reagent water or a blank
solution, and may need dilution adjustment to maintain the signals in the
linear range of the instrument technique. A1l four aliquots are analyzed.

8.4.3 Prepare a plot, or subject data to linear regression, of
instrument signals or external-calibration-derived concentrations as the
dependant variable (y-axis) versus concentrations of the additions of
standards as the independent variable (x-axis). Solve for the intercept
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of the abscissa (the independent variable, x-axis) which is the concentra-
tion in the unknown.

8.4.4 Alternately, subtract the instrumental signal or external-
calibration-derived concentralion of the unknown (unspiked) sample from
the instrumental signals or external-calibration-derived concentrations of
the standard additions. PTot or subject to linear regression of the
corrected instrument signals or external-calibration-derived concentra-
tions as the dependant variable versus the independent variable. Derive
concentrations for the unknowns using the internal calibration curve as if
it were an external calibration curve.

8.5 Samples must undergo 1312 extraction within the following time
periods:

SAMPLE MAXTMUM HOLDING TIMES (days)

From: Field From: 1312 From: Prepara- Total
Collec- extrac- tive Elapsed
tion tion extrac- Time
tion
Tirs 1312 To: Prepara-
extrac- tive To: Determi-
tion extrac- native
tion analysis
Volatiles 14 NA 14 28
Semj -
volatiles 14 / 40 b1l
Mercury 28 NA 78 56
Metals,
except 180 NA 180 360
mercury
NA = Not Applicable

[f sample holding times are exceeded, the values obtained will be considered
minimal concentrations. Exceeding the holding time is not acceptable in
establishing that a waste does not exceed the requlatory level. Exceeding the
holding time will not invalidate characterization if the waste exceeds the
regulatory level.

9.0 METHOD PERFORMANCE

9.1 Precision results for semi-volatiles and metals: An eastern soil
with high organic content and a western soil with low organic content were used
for the semi-volatile and metal leaching experiments. Both types of soil were
analyzed prior to contaminant spiking. The results are shown in Table 6. The
concentration of contaminants leached from the soils were reproducible, as shown
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by the moderate relative standard deviations (RSDs) of the recoveries (averaging
29% for the compounds and elements analyzed).

9.2 Precision results for volatiles: Four different soils were spiked
and tested for the extraction of volatiles. Soils One and Two were from western
and eastern Superfund sites. Soils Three and Four were mixtures of a western
soil with low organic content and two different municipal sludges. The results
are shown in Table 7. Extract concentrations of volatile organics from the
eastern soil were lower than from the western soil. Replicate leachings of Soils
Three and Four showed lower precision than the leachates from the Superfund
soils.

10.0 REFERENCES

1. Environmental Monitoring Systems Laboratory, "Performance Testing of
Method 1312; QA Support for RCRA Testing: Project Report". EPA/600/4-
89/022. EPA Contract 68-03-3249 to Lockheed Engineering and Sciences
Company, June 1989.

2. Research Triangle Institute, "Interlaboratory Comparison of Methods 1310,
1311, and 1312 for Lead in Soil". U.S. EPA Contract 68-01-7075, November
1988.
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Table 1.

Volatile Analytes’

Compound CAS No
Acetone 67-64-1
Benzene 71-43-2
n-Butyl alcohol 71-36-3
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroform 67-66-3
1,2-Dichloroethane 107-06-2
1,1-Dichloroethylene 75-35-4
Ethyl acetate 141-78-6
Ethyl benzene 100-41-4
Ethyl ether 60-29-7
Isobutanol 78-83-1
Methanol 67-56-1
Methylene chloride 75-09-2
Methyl ethyl ketone 78-93-3
Methyl isobutyl ketone 108-10-1
Tetrachloroethylene 127-18-4
Toluene 108-88-3
1,1,1,-Trichloroethane 71-55-6
Trichloroethylene 79-01-6
Trichlorofluoromethane 75-69-4
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1
Vinyl chloride 75-01-4
Xylene 1330-20-7

! When testing for any or all of these analytes, the zero-headspace extractor

vessel shall be used instead of the bottle extractor.
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Table 2. Suitable Rotary Agitation Apparatus’

Company Location Model No.

Analytical Testing and Warrington, PA 4-vessel extractor (DC20S);
Consulting Services, (215) 343-4490 8-vessel extractor (DC20);
Inc. 12-vessel extractor (DC20B)

Associated Design and Alexandria, VA 2-vessel (3740-2);:
Manufacturing Company (703) 549-5999 4-yessel (3740-4);

6-vessel (3740-6);
8-vessel (3740-8);
12-vessel (3740-12);
24-vessel (3740-24)

Environmental Machine and Lynchburg, VA 8-vessel (08-00-00)
Design, Inc. (804) 845-6424 4-vessel (04-00-00)

IRA Machine Shop and Santurce, PR 8-vessel (011001)
Laboratory (809) 752-4004

Lars Lande Manufacturing Whitmore Lake, MI 10-vessel (10VRE)

(313) 449-4116 5-vessel (5VRE)

Millipore Corp. Bedford, MA 4-7HE or
(800) 225-3384 4 1-liter
bottle extractor
(YT300RAHW)

! Any device that rotates the extraction vessel in an end-over-end fashion at 30
+2 rpm is acceptable.
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Table 3. Suitable Zero-Headspace Extractor Vessels'

Company Location Model No.
Analytical Testing & Warrington, PA €102, Mechanical
Consulting Services, Inc. (215) 343-4490 Pressure Device
Associated Design and Alexandria, VA 3745-7HE, Gas
Manufacturing Company (703) 549-5999 Pressure Device
Lars Lande Manufacturing? Whitmore Lake, MI ZHE-11, Gas
(313) 449-4116 Pressure Device
Millipore Corporation Bedford, MA YT30090HW, Gas
(800) 225-3384 Pressure Device
Environmental Machine Lynchburg, VA VOLA-TOX1, Gas
and Design, Inc. (804) 845-6424 Pressure Device

' Any device that meets the specifications listed in Step 4.2.1 of the method is
suitable.

2 This device uses a 110 mm filter.
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Table 4. Suitable Filter Holders!

Model/
Company Location Catalogue # Size
Nucleopore Corporation Pleasanton, CA 425910 142 mm
(800) 882-7711 410400 47 mm
Micro Filtration Dublin, CA 302400 142 mm
Systems (800) 334-7132 311400 47 mm
(415) 828-6010
Millipore Corporation Bedford, MA YT30142HW 142 mm
(800) 225-3384 XX1004700 47 mm

! Any device capable of separating the 1iquid from the solid phase of the waste
is suitable, providing that it is chemically compatible with the waste and the
constituents to be analyzed. Plastic devices (not listed above) may be used when
only inorganic analytes are of concern. The 142 mm size filter holder is
recommended.

Table 5. Suitable Filter Media’

Pore
Size
Company Location Model (um)
Millipore Corporation Bedford, MA AP40 0.7
(800) 225-3384
Nucleopore Corporatiaon Pleasanton, CA 211625 0.7
(415) 463-2530
Whatman Laboratory Clifton, NJ GFF 0.7
Products, Inc. (201) 773-5800
Micro Filtration Dublin, CA GF75 057
Systems (800) 334-7132

(415) 828-6010

1 Any filter that meets the specifications in Step 4.4 of the Method is suitable.
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TABLE 6 - METHOD 1312 PRECISION RESULTS FOR SEMI-VOLATILES AND METALS

Eastern Soil (pH 4.2) Western Soil (pH 5.0)
Amount Amount Amount
Spiked Recovered* % RSD Recovered* % RSD
(ng) (ng) (ug)
FORTIFIED ANALYTES
bis(2-chloroethyl) -
ether 1040 B34 12.5 616 14.2
2-Chlorophenol 1620 1010 6.8 525 54.9
1,4-Dichlorobenzene 2000 344 12.3 272 34.6
1,2=-Dichlerobenzene 8920 1010 8.0 1520 28.4
2-Methylphenol 3940 1860 17 1130 32.6
Nitrobenzene 1010 812 10.0 457 213
2,4-Dimethylphenol 1460 200 18.4 18 87.6
Hexachlorobutadiene 6300 95 12.9 280 22.8
Acenaphthene 3640 210 8.1 310%* T
2,4-Dinitrophenol 1300 B96** 6.1 Z3ww s
2,4-Dinitrotoluene 1900 1150 5.4 585 54.4
Hexachlorobenzene 1840 3.7 12.0 10 173.2
gamma BHC (Lindane) 7440 230 16.3 1240 85.2
beta BHC 640 35 13.3 65.3 51.7
METALS
Lead 5000 70 4.3 10 5.7
Cadmium 1000 387 2.3 91 i3
* = Triplicate analyses.
ik =

Duplicate analyses; one value was rejected as an outlier at the 90%
confidence level using the Dixon Q test.
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TABLE 7 - METHOD 1312 PRECISION RESULTS FOR VOLATILES

Soil No. 1 Seoil No. 2 Soil No. 3 Soil No. 4
(Western and (Western and
(Western) (Eastern) Sludge) Sludge)
Avg. Avg. Avg. Avg.
Compound Name $Rec.* %RSD %Rec.* &%RSD %$Rec.** %RSD ZTRec.*** %RSD
Acetone 44.0 12.4 43.8 2.25 116.0 i 1 B 21.3 71.4
Acrylonitrile 52.5 68,4 50.5 70.0 49.3 44,9 51.8 4.6
Benzene 47.8 B.29 34.8 16.3 49.8 36.7 33.4 41.1
n-Butyl Alcochol
(1-Butanol) 55.5 2.91 49,2 14.6 65.5 37.2 3.0 138
Carbon disulfide 21.4 16.4 12,9 49.5 36.5 51.5 21.3 31.5
Carbon tetrachloride 40,6 18.6 22.3 29,1 36.2 41.4 24,0 34.0
Chlorobenzene 64 .4 6.76 41.5 13.1 44.2 32.0 33.0 24.9
Chloroform 61.3 8.04 54.8 16.4 61.8 29.1 45.8 38.6
1,2-Dichloroethane 73.4 4.59 68.7 11.3 58.3 33.3 412 37,8
1,1-Dichloroethane 31.4 14.5 229 39.3 3.0 54.4 16.8 26.4
Ethyl aceltate 16.4 9,65 75.4 4,02 23.0 119.8 11.0 115,5
Ethylbenzene 56.2 9.22 23.2 11.5 37.5 36.1 27.2 28.6
Ethyl ether 48.0 16,4 55,1 9,72 37,3 31.2 42.0 17.6
Isobutancl (4-Methyl
—l-propanocl) 0.0 ND 0.0 ND 61.8 37.7 BT o
Methylene chloride 47.5 30,3 42,2 42.9 52.0 37.4 37.3 16.6
Methyl ethyl ketone
(2Z=Butanone) 56.7 5.94 €1.9 3.94 73.7 31.3 40.6 39.0
Methyl iscbutyl
ketone Hi.1 10.3 B8.9 2.99 58.3 32.6 3%.8 40.3
1,1,1,2-Tetrachloro-
ethane 69.0 6.73 41.1 11.3 50.8 31.5 36.8 23.8
1,1,2,2-Tetrachloro-
ethane 85.3 7.04 58.9 4.15 64.0 25.7 53.6 15.8
Tetrachloroethene 45,1 12.7 15.2 17.4 26.2 44.0 1B.6 24.2
Toluene L7 8.06 49.3 10.5 45,7 352 31.4 37.2
1,1,1-Trichloro-
ethane 47.2 16.0 33.8 22.8 40.7 10.8 26.2 38.8
1,1,2-Trichloro-
ethane 6.2 5.72 67.3 8.43 61.7 28.0 46.4 25.4
Trichloroethene 54.5 11:7 39.4 19.5 38.8 40.9 25.6 34.1
Trichloro-
fluoromethane 20.7 24.5 12.6 60.1 28.5 34.0 19.8 33.9
1,1,2-Trichloro-
trifluoroethane 18.1 26.7 6.95 58.0 21.5 67.8 1.3 248
Vinyl chloride 10.2 20.3 Tolf T8 25.0 61.0 11.8 25.4
* Triplicate analyses
** Six replicate analyses
#*%* Five replicate analyses
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—{ (30+ 2 rpm) Extraction Vessel Holder
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Figure 1. Rotary Agitation Apparatus

Liquid InlevOutlet Valve

Top Flange
e 5
Support Screen
Filter~
Support Screen Lo y
+. Sample - .
s} («
Viton o-rings <= b FASon O

Gas
Bottom Flange
Pressurized Gas —» & ——
Inlet/Qutlet Valve Pressure
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Figure 2. Zero-Headspace Extractor (ZHE)
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METHOD 1312

SYNTHETIC PRECIPITATION LEACHING PROCEDURE

' Start '

Select
raprasantativa
sample.

Separats liquids
Discard Solid from solids, 5:‘:;:;': Saparata liquids ﬂ@
Solds filtrate trom solids,
bacomes SPLP
pxtract.
luqmd 100% Solid |5°“d
Prepare filtrate s
according to particle
BUKapTIAL reduction oR
mathode.
raguirag?
Analyze filtrate
Extract w/
appropriata fuid via: Reduce parucie
1. Bottle extraction fd—— siza 1o <9.5 mm.
for non-volatiles,
ﬂ 2. ZHE tor volatiles,
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CO-ROM

METHOD 1312

SYNTHETIC PRECIPITATION LEACHING PROCEDURE (continued)

Discard Solids

Separate liquids
Solids — fram solids,

I}
axtract
compatible
with initial
liquid

phase?

Prepare and analyze
each liquid
separately,

mathematically
combine results,

Combine extract
with liquid phase
of waste.

y

Prepars extract
according to
appropriate
mathode.

'

Analyze extract.

1312 - 30

Revision 0
September 1994



Appendix C
Soil Boring Log Form
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In'cEqA LOG OF BORING
= —— (Page of )
Project Name: Date Started Driller
Date Completed Depth to Water
Drilling Method Logged By
Sampling Method Northing
Project #: Drilling Company Easting
™ — F—
§ R
E ; & a
Depth | g 8 c )
—- o 8] k=)
in g 2 = 5 DESCRIPTION a
Feet & = s ]
» | & Z 3] 5
0
5_
10
15—
20
25—
30—
35—
40
Notes:

Coordinate System —
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08-30-2010 S\Projecis\BoreLags\SF _river_assess\SB-03 ber

— T O
e
I":Eq‘l LOG OF SOIL BORING: SB-03
ST (Page 1 of 1)
Project Name: Dale Staned : 10i23109 Drifler :J. Aguire
: Date Completed L 10/23/08 Depth la Water - NA
Sanla Fe River Assessment Drilling Method HSA (7-3/4 OD) Logged By < E. Romesser
Sampling Method : conlinuous {5' interval) X Coordinate : 1731486.02990
Project #: NME-VR2-SR Drilling Company - Rudgers & Co., Inc Y Coardinate : 1705469.01180
e
]
= y e
Depth | g E £ %
n 2| S |8 DESCRIPTION Bla
Fest | & & a |
] o o 2| 0
0
| SILTY SAND trace Cobbles, brown (5YR 4/6) r
1 NA NA 1
1 , sMmi ||
A Fill: SILTY SAND litlle Gravel (up ta 2°), dark brown (7.5YR @/2), fine to medium gravel, coal & brick :
5— pleces
i 60124 | <1 . -
c SAND some Gravel & Cobbles, reddish (2.5YR 7/6), fine- to medium-grained sand, fine to coarse
] gravel & cobbles SW
10— T Not Sampled: boulder, augered down to 11.5' bgs
11 Tesuque formation contact
- 30/20 | <1 | SAND, reddish (2.5YR 7/6), fine-grained sand (little medium grained), subangular, moist sp
J1_ SAND, reddish (2.5YR 5/8), fine-grained sand, subangular, dry
15-_ SAND trace Gravel, reddish (2.5YR 4/8), fine- lo coarse-grained sand, subangular, fine gravel,
603 | <1 Gubangular
i SAND little Gravel, reddish (2.5YR 4/8), line- to coarse-grained sand, fine gravel, strongly cemented,
i laminar layers at -12" from bottom
20— SAND, reddish (2.5YR 4/8), fine- to coarse-grained sand, subangular to subrounded, 2" cobble, dry
Y 60/48 | <1
-+ SAND little Gravel, reddish (2.5YR 4/8), fine- to coarse-grained sand, subanglar to subrounded, fine fo
4 coarse gravel, subangular to subrounded, strongly cemented, dry SW
25— SAND little Gravel, reddish (2.5YR 4/8), fine- to coarse-grained sand, subanglar lo subrounded, fine to
4 e | coarse gravel, subangular to subrounded, strongly cemented, 2° cobbles, dry
<
30— SAND little Gravel, reddish (2.5YR 4/B), fine- to coarse-grained sand, subanglar to subrounded, fine lo
§ s : coarse gravel, subangular to subrounded, strongly cemented, 2° cobbles, dry
<
j - SAND, reddish (2.5YR 4/8), fine-grained sand, very lhin laminar SP |
35— 18/24 | <1 | SAND, reddish (2 5YR 4/8), {ine- to coarse-grained sand, subangular, strongly cemented (sample SW
- taken w/ 2' split spoan) P
4
Bottom of Bering at 35.5' bgs
40—
Moles: 5. Groundwater nol enceuntered - monitaring well nol installed. Soil boring

1. Posl hole 0-4' bgs

2. NA = Nol Applicable,

abandonad with bentonite/cement slurry on 10/23/09

3. Refu=alal 35,5 bgs, Split Spoen: blow counls 15 69 175,
4. ¥ = Sample interval sent lor laboralory analysis.




09-30-2010 SA\Projecis\BoraLogs\SF_nvor_necess\SFRMW-01 bor

LOG OF SFRMW-01

(Page 1 of 1)

Praject Name: Dale Started : 10/20/09 Driller - J. Aguire
. Date Completed 1 10/20/09 Depth to Waler 1 21'bgs
Santa Fe River Assessment Driling Method HSA (7-3/4 OD) Logged By E. Romesser
Sampling Method : continuous (5' interval) X Coordinale 1 1731606.54850
Praject #: NME-VR2-SR Orilling Company ‘ Rodgers & Co., Inc Y Goordinate - 1705086.39280
w
5|2
e | E
2= & SFAMW-01:
Depth | o | & | § T | FlushGrade,
n |B|E|E DESCRIPTION B % | Eencreiorad
Feet | @ | & | @ @ |
2 = = =0 (5L Locking
0 = ,_C\' Waell Cap
Cuttings: SAND w/ Gravel, trace cobbles, dark brown (7.5YR 3/2), line-grained 2
i sand, fine to coarse gravel, road-base engineered fill, dry
. NA | NA
5 SAND trace Gravel, brown (5YR 4/2), fine- to medium-grained sand, fine to 3
- coarse gravel, subangular, dry —genlanlte
rout
6010 <1
c sw
{ T A Caa
sl
E SAND lrace Gravel, brown (5YR 4/2), fine- to medium-grained sand, fine fo o
10— coarse gravel, subangular, subangular cobbles, dry |
il ]
60/18| <1 A 1]
SAND lrace Gravel, reddish-brown (5YR 5/8), fine- to medium-grained sand, || 1| Bertonite
il subangular, fine gravel, subangular, dry A Plug
N/ Tesuque formation contact ]
15 SAND, whilish brown (10YR 8/3), fine-grained sand, subangular, dry
- H
| 60/32| - g
4 SAND, same as previous; reddish brown (5YR 7/8), fine-grained sand, E«
] subangular, moist -
207 : —10-20
| o~ SAND, reddish brown (5YR &/8), fine-grained sand, subangular, wet ¥ Eilll'lca Sand
- ar
. SP g
[}t 0.020"
11 F Screen
25— SAND, reddish brown (5YR 5/8), fine-grained sand, subangular, salurated g
| 603s| 30 F
30— agig| 1.1 | SAND, reddish-brown (5YR 5/8), medium- lo coarse-grained sand, subangular, B
_ saturated =
Bottom of Boring at 31.5' bgs
35
Notes:

1. Past hole 0-4' bgs.

2. MA = Not Applicable.
3 X =Sample Intarval sent for lahoratory analysis

4, - = PID mallunction.




FIELD GUIDE FOR

midwest _____
GEOSGIENGES

SOIL AND STRATIGRAPHIC ANALYSISv:

COLOR
Munesll Cokor Hotation

Use Standard

YES ==

List in sequence, dominant first

1S THE COLOR FROM A COATING
OR CONCENTRATION?

START HERE =
N-VALUE QQ

N-VALUE 0-2 <025 » VERY SOFT

DENSITY OR COARSE 0% » VERVLOOSE FINE 34 025050 = SOFT
CONSISTENCY GRANED 510  » LOOSE GRAINED 58 05010 = MEDIUM

DEPOSTS 1128 » MEDIUM DENSE DEPOSITS  9-15 1020 > STIFF

3048 » DENSE 16-30 2040 ™ VERYSTIFF
; 0 =50 = VERY DENSE >40 > HARD

MATRIX COLOR

COATING or CONCENTRATION
Note frequency, color, and size

"°+( Note contrasl, color, and size D

CLASSIFICATION
it Sl Clstbeion Syitar - 2coa !
COARSE-GRAINED DEPOSITS

FW

FINE-GRAINE

ASTM D2488

STEP 2: DETERMINE SAND VS. GRAVEL RATIO
! ‘E'FT{"’—"“_’

PRER VAL MY %

STEP 3:
= SAND OR GRAVEL
ON FLOW CHART
(REVERSE)

STEP 3:
CONTIVUE WITH

GROUP SYMBOL
O FLOWCHART
(REVERSE)

—_]WL

MOISTURE ABSENT = DRY FOR
o WATER RISES TO SURFACE SLOWLY » SLOW DILATENCY
MOISTURE DAMP = MOIST NON-PLASTIC
; . -~ BT FiNEs WATER RISES TO SURFACE QUICKLY » RAPID DILATENCY
W WILL NOT SUPPORT 6mm DIAMETER ROLL IF HELD ON END » NON-PLASTIC @
PLASTICITY 6mm DIA. ROLL CAN BE REPEATEDLY ROLLED AND SUPPORTS ITSELF, 4mm DIA. ROLL DOESNOT > LOW PLASTICITY
e 2 AT} 4mm DIA. ROLL CAN BE REPEATEDLY ROLLED AND SUPPORTS ITSELF, 2mm DIA. ROLL DOES NOT > MEDIUM PLASTICITY
| 2mm DIA. ROLL CAN BE REPEATEDLY ROLLED AND SUPPORTS ITSELF > HIGH PLASTICITY
W 6mm DIAMETER ROLL CANNOT BE FORMED > NONCOHESIVE
COHESWE"lEss 6mm DIAMETER ROLL CANBE FORMED = COHESIVE
re. iy Spheroidal peds ules usual
- packed hu;:g e Y GRANULAR
UNIFORM » MASSIVE r
0% vl 5 THGKIY ssovep SECONDARY Mvmlaatyoisapeleun
SEDIMENTARY BEDS 3cmlo30cm » BEDDED SoiL
STRUCTURE BEDS O.5cmlo3cm » THINLYBEDDED  SIRUCTURE  Flatand horizontal peds > PLATY
BEDS <0.5cm = LAMINATED Vertical, plilariike peds with flat tops = PRISMATIC
Vertical, peds wih curved
W tops are commonly "bleached”) > COLUMNAR
: MODIFIER SYMBOL 1st SYMBOL 2nd SYMBOL LAST SYMBOL o
o MRIU
WEATHERING {orese (i iz 1 g0k RIU
ZONE MOTTLED = M OXIDIZED : O  LEACHED > L SECONDARY MOIL2 RU
ABBREVIATION  JOINTED =4 sENg:I%E:ZJED = : UNLEACHED ™ U CARBONATE » 2 oy o
L -
~ - FINE SAND
<5% = TRACE 5
SECONDARY 6%lo15% > LTILE Y D %"‘fmmﬂ FOR GLACIAL »- GLAST FRACTION
GRAIN SI1ZE 16% to 30% > FEW DIAMICTONS » CLAST LITHOLOGY
INFORMATION 3% t0d9% > SOME L %";’m“ L
i £
gt > EOUAN (LOESS)
VARIOUS » FLUVIAL = SUBGLACGIAL
A GLACIAL GENERALIZED ~
DEPOSITIONAL » ALLUVIAL » GLACIOFLUVIAL MASS SLUMP
DEPOSITIONAL e o AL e DEPOSITIONAL b SLACIOFLUNIAL \& RESEDIMENTATION » SEDIMENT FLOW
ENVIRONMENT ! LACUSTRIN GLACIH STRIN
(interpretation) » COASTAL PROCESSES » RESEDIMENTED PROCESSES » COLLUVIUM
= RESEDIMENTED

STRATIGRAPHIC
NAME |

USE FORMAL STATE GEOLOGICAL SURVEY NOMENCLATURE WHEN POSSIBLE;
IF NOT POSSIBLE, ASSIGN SITE-SPECIFIC UNIT NAME ACCORDING TO DEPOSITIONAL ENVIRONMENT / FACIES ASSEMBLAGE

e

STRATIGRAPHIC
CONTACT

<10 cm
> 10 cm (Nota transition Interval)

» SHARP (or ABRUPT for pedogenic allemafion)
= GRADATIONAL (or TRANSITIONAL for weathering zone change)

]
010106

©2001-2006 midwasl geosciences group press




UNIFIED SOIL CLASSIFICATION SYSTEM O

INORGANIC AND ORGANIC SEDIMENTS

STEP 2: DETERMINE aANn vs. GRAVEL RATIO p—
COARSE-GRAINED DEPOSITS  fume o= — e s ) Tossoouh anour sugol
(>50% coarse-gralned, <50% fine sediments) _ = - o8 = - AND A GROUP NAME
y
GROUP SYMBOL GROUP NAME
= <|5% sanpd ———
:57-ﬁnn.<:(m) 'GwdglsaMﬂﬁtﬁ%%\fﬂ.mmb
b, <15% sand —— POORLY
> GP ‘<—_: >15% sand ——— mvmmmm SAND
5 <15% sand ——> WELL G D GRAVEL WITH SILT
vV g i e "—"G"‘G“<=1ssm——--—m_, Gi WITH SILT AND SAND
e ewae << <15% sand ——> WELL. L WITH CLAY
; Grlaval 2 i pazic ey =—w- >15% sand———» WELL WVEL WITH CLAY AND SAND
gravel > san . <15% sand ——» POORLY GRADED SILT
e < non-plastic fines— GP-GM <: e Pm*ﬁ%mmrmn R
Al <15% sand ———> GRAVEL WITH CLAY
plastc fnes —— GP-GC < 1°% md—b GRAVEL WITH CLAY AND SAND
<15% sand ———> S|LTY GRAVEL
e e —— SN
<16 et .
plastic fnas GC —— ) ox sand —» CLAYEY GRAVEL WITH SAND
<15% graval ———» WELL GRADED SAND
P <: (nom-ndorm) W ok bawi—> WELL GRADED SAND WITH GRAVEL
» <15% gravel ——> POORLY/GRADED SAND
Pocsiy gdsd >8P = 12X irel— POORLY GRADED SAND WITH GRAVEL
: <15% graval — WELL GRADED SAND WITH SILT
o M ron-plaste fnas —> SW-SM < SEL BRI 0 8 MIH SILT AND GRAVEL
<15% graval ————>= CLAY
Sand 10% fines """'“ e —— - SWSC < S > cuw AND GRAVEL
" <15% gravel ———— Pm’f _____ SILT
(sand > gravel) <: non-plastc fines —d- SP-SM << >15% gravel ———> 'r s.qm wrm sn:r AND GRAVEL
mﬂﬂﬂl <15% gravel ———» LAY
plastofives —- SP-SC <3 SRR POOREY ﬁ WITH GLAY AND GRAVEL
: <15% gravsl —— SILTY SAND
;155m<: ST s <:"5%nmel———r NLWMWGRAVEL
- <15% gravel ————» CLAYEY SAND
plaste fnes ——- SC ——— <1°% graval ——— CLAYEY SAND WITH GRAVEL
STEP 2: DETERMINE FLAsrlcrrv AND ASSIGN USCS GROUP SYMBOL
: : STEP 3:
CONTINUE WITH
FINE-GRAINED DEPOSIT§ ) crowsnmar
[’50% Fries, m Hed TO ASSIGN A GROUP NAME
STEP, |
INFLUEN GROUP NAME
- less than 30% Coarse < 15% Coarse-Grained Sedimenl » SILT
Grained Sediments <: ) ' % sand> % gravel —— SILT WITH SAND
'Z 15-25% Coarse-Gralned Sediment <: % sand < % gravel > SILT WITH GRAVEL
<15% gravel ————# SANDY SILT
more than 30% Goa% % sand> % of gravel ——=——_ >15% gravel ——————>» SANDY SILT WITH GRAVEL
Grained Sedimenis & st 24 bl _<: <15% sand ————# GRAVELLY SILT
i it >15% sand ———————» GRAVELLY SILT WITH SAND
{ess than 30% Coars < 15% Coarse-Gralned Sadiment - LEAN CLAY
v Grained Sediments K: 15-25% Coarse-Grained Sediment <y .~ S2na > % gravel 1A ke
éL. % sand < % gravel —»- LEAN CLAY WITH GRAVEL
e <15% gravel ————» SANDY LEAN CLAY
more than 30% c:oa% % sand> % of gravel —=—=———_3 ©1.0 gravel —————— SANDY LEAN CLAY WITH GRAVEL
Gralned Sediments i s <: <15% sand ———® GRAVELLY LEAN CLAY
g >15% sand —————#~ GRAVELLY LEAN CLAY WITH SAND
& {ess han S0% Goarse < 15% Coarse-Grained Sediment B FAT CLAY
v //’ Grained Sediments - . % sand > % gravel ———>- FAT CLAY WITH SAND
B 15-25% Coarse-Grained Sedimenl % sand < % gravel > FAT CLAY WITH GRAVEL
\ o4 sand > % of " <: <15% gravel ———— SANDY FAT CLAY
a mote ":133 30% c:mrsa BAnds 4 0 frave >15% gravel ———— SANDY FAT CLAY WITH GRAVEL
raine iments e <: <15% sand ———P GRAVELLY FAT CLAY
AL ey >15% sand ————p GRAVELLY FAT CLAY WITH SAND
' lss than 30% Coarse < 15% Coarse-Grained Sediment » ORGANIC SOIL
V Grained Sediments <: 15555, Coaren Grained Sedk <: % sand> % gravel —— ORGANIC SOIL WITH SAND
OL/OH ’ % sand < % gravel ——» ORGANIC SOIL WITH GRAVEL
9% sand> % of gravel 9 <15% gravel — ——» SANDY ORGANIC SOIL
more than 30% Goarse 2 7o Ol gravel T . 15% gravel ————> SANDY ORGANIC SOIL WITH GRAVEL
Grained Sediments 5 sand < 4 gravel 0" <15% sand ————» GRAVELLY ORGANIC SOIL
ASTM charts reprinted with prmission se g >15% sand ————p GRAVELLY ORGANIC SOIL WITH SAND

copyright 2001-2006 midwest §E05CENCes group (Ness
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RED-BROWE FINE SAND AND SILT,
HEDIUM DEMSE

GRADING CALCAREOUS WTIH
CALCITE STRINGERS
GRADES VERY CALCAREQUS AND
VERY DENSE

BECOMES VERY LOOBE, POSEIBLY
WITH VOIDS

BECOMES DEHSE

GREEN, PINE TO MEDIUM-GRAINED
SARDSTONE, WEATHERED, WITH SOME
URANGE AND ¥ELLOW IRON STAINTHG

GRAY-GREEH, FINE TO HMEDIUM GRAINED,
WENTHERED, CLAYEY SANDSTONE WITU
URANGE AND YELLOW IROK STAINING

BECOMES LESE WEATHERED WITH LESS

CLAY, PRECDOMIHANTLY GRAY WITH

OFANGE LHOW STAINING, MODEBRATELY
i MEDIUM GRAIKED

BRONE-YELLOY, COARSE-GRAINED SANDETOHE

FI1dE GRAVEL CONGLOMERATE WITH COWSIO-
CRABLE CORREE~GRRINED SAND AND CAL-
CARCODS MATRIX

BROWN TO YELLOW, COARSE-GRAINED SAND-
STONE WITH CONSIDEPARLE NEAR MORI-
IONTAL FRACTURING AHD SOME OBAHGE
IROH STAINING, MODERATELY CEMENTED

WATER RETURN COMPLETELY LOST

LIGHT GRAY, MEDTUM TO COARSE-GRAIRED
EANDETONE; HIGHLY FRACTURED ALONG
HORIZONTAL BECDING, CONMSIDEHABLE
LIKGRITE BTAINING ALONG BEDDING
FEACTURES) MODERRTELY CEMENTED T0
URCEMENTED, CORE LOSSES ASSDMED

DUE TO WASHING AWAY OF UNCEMENTED
ZOWES

LIMITED WATER RETURN

BECOMES VERY UNCEMENTED, WATER
HETURH LOST

HOLE LOST AT 72 PP, HOLE 13a
DRILLED 15 FT SOUTR OF HOLE 197
WO WATER RETURH OBTAINED: MO
SAMFLING POSSIBLE: HOLE LOGGED
FROH DRILLING FROGRESE

VERY WELL-CEMENTED SANDSTONE (72 FT)
MODERATELY-CEMENTED SANDSTOWE (73 FT)

LOG OF BORINGS

WEL
OR PRACTURED SANDSTONE, GRADING BETTER
CEMENTED

GRADING LESS CEMENTED
VERY POOALY 5

HODERATELY-CEMENTED CLAYSTOHE

LY- WITH
HINOR HARD LENSES

GRADES LESS CEMERTED

APPEARS CLAYEY -
¥~CEMENTED

GROUND WATER LEVEL 110 FT, 1L/4/77
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Standard Guide for

Designation: D 6282 — 98 (Reapproved 2005)

Direct Push Soil Sampling for Environmental Site

Characterizations’

This standard is issued under the fixed designation D 6282; the number immediately following the designation indicates the year of
origingl adoplion or, in the case of revision, the year of last revision. A number in parentheses indicales the year of last reapproval, A
superseript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide addresses direct push soil samplers, which
also may be driven into the ground from the surface or through
prebored holes. The samplers can be continuous or discrete
interval units. Samplers arc advanced by a combination of
static push, or impacts from hammers, or vibratory methods, or
a combination thereof, to the depth of interest. The guide does
not cover open chambered samplers operated by hand such as
augers, agricultural samplers operated at shallow depths, or
side wall samplers, This guide does not address single sam-
pling events in the immediate base of the drill hole using rotary
drilling cquipment with incremental drill hole excavation.
Other sampling standards, such as Test Mcthods D 1586 and
D 1587 and Practice D 3550 apply Lo rotary drilling activities,
This guide does not address advancement of sampler barrel
syslems with methods that employ cutlings removal as the
sampler is advanced, Other drilling and sampling methods may
apply for samples needed for engineering and construclion
applicalions,

1.2 Guidance on preservation and transport of samples, as
given in Guide D 4220, may or may not apply. Samples for
chemical analysis often must be subsampled and preserved for
chemical analysis using special techniques. Practice D 3694
provides information on some of the special techniques re-
quired. Additional information on environmental sample pres-
ervation and transportation is available in other references (1,
2).2 Samples for classification may be preserved using proce-
dures similar to Class A. In most cases, a direct push sample is
considered as Class B in Practice D 4220 but is protected,
representative, and suitable for chemical analysis. The samples
taken with this practice do not usually produce Class C and D
(with exception of thin wall samples of standard size) samples
for testing for engineering properties, such as shear strength
and compressibility. Guide D 4700 has some information on
mechanical soil sampling devices similar to direct push tech-

" This guide is under the jurisdietion of ASTM Commitlee D18 on Soil and Reck
und is the direct responsibility ol Subcammittee D18.21 on Ground Water and
Vadose Zone Investigation.

Current edition approved Jan. |, 2005. Published February 2005. Orginally
approved in 1998. Last previous edition approved in 1998 as D 6282-98.

* The boldface numbers in parentheses refer 10 the list of refecences al the end ol
this stindard.

niques, however, it does not address most direct push sampling
methods. If sampling is for chemical evaluation in the Vadose
Zone, consult Guide D 4700 for any special considerations.

1.3 Field methods described in this guide, include the use of
discreet and continuous sampling Lools, split and solid barrel
samplers and thin walled tubes with or without fixed piston
style apparatus.

1.4 Insertion methods described include static push, impact,
percussion, other vibratory/sonic driving, and combinations of
these methods using direct push equipment adapted to drilling
rigs, cone penetrometer umils, and specially designed
percussion/direct push combination machines, Hammers pro-
viding the force for insertion include drop style, hydraulically
activated, air activated and mechanical lift devices.

1.5 Direct push soil sampling is limited to soils and uncon-
solidated materials that can be penetrated with the available
equipment, The abilily to penctrate strala is based on hammer
energy, carying vehicle weight, compactness of soil, and
consistency of soil. Penetration may be limited or damage to
samplers and conveying devices can occur in certain subsur-
face conditions, some of which are discussed in 5.5. Successful
sample recovery also may be limited by the ability (o retrieve
tools [rom the borehole, Sufficient retract force must be
available when attempting difficult or deep investigations.

1.6 This guide does not address the installation of any
lemporary or permanent soil, ground water, vapor monitoring,
or remediation devices,

1.7 The practicing of dircct push techniques may be con-
trolled by local regulations governing subsurface penetration.
Certification, or licensing requirements, or both, may need to
be considered in establishing criteria for field activities.

1.8 The values stated in SI units are o be regarded as
standard: however, dimensions used in the drilling industry are
given in inch-pound units by convention. Inch-pound units arc
used where necessary in this guide.

1.9 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Copyrighl @ ASTM Intemalional, 100 Barr Harbar Drive, PO Box C700, West Canshohockan, PA 18426-2958, United Stales.
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1.10 This guide offers an organized collection of informa-
tion or a series of options and does not recommend a specific
course of action. This document cannol replace education or
experience and should be used in conjunction with professional
Judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-

sent or replace the standard of care by which the adequacy of

a given professional service must be judged, nor should this
document be applied without consideration of a projects's
many unigue aspects. The word “Standard" in the title of this
document means only that the document has been approved
through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards: 3

D 653 Terminology Relaling to Soil, Rock and Contained
Fluids

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils

D 1587 Practice for Thin-Wall Tube Sampling of Soils

D 2488 Practice for Description and Identification ol Soils
(Visual-Manual Method)

D 3550 Practice for Ring-Lined Barrel Sampling of Soils

D 3694 Practices for Preparation of Sample Containers and
for Preservation of Organic Constituents

D 4220 Practices for Preserving and Transporting Soil
Samples

D 4700 Guide for Soil Sampling from the Vadose Zone

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Siles

D 5092 Practice for Design and Installation of Ground
Water Monitoring Wells in Acquifers

D 5299 Guide for Decommisioning ol Ground Water Wells,
Vadose Zonec Monitoring Devices, Boreholes, and Other
Devices for Environmental Activities

D 5434 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock

D 6001 Guide for Direct-Push Water Sampling for Geoen-
vironmental [nvestigations

3, Terminology

3.1 Definitions—General definitions for terminology used
in this guide are in accordance with Terminology D 653,
Definitions for terms related to direct push water sampling for
geoenvironmental investigations are in accordance with Guide
D 6001.

3.1.1 assembly length, n—length of sampler body and riser
pipes.

3.1.2 borehole, n—a hole of circular cross-section made in
soil or rock.

3.1.3 casing, n—pipe fumished in sections with either
threaded connections or bevelled edges to be field-welded,
which is installed temporarily or permanently to counteract

* For referenced ASTM standards, visit the ASTM websile, www.astm.org, or
contact ASTM Customer Service at service@usim.org, For Amual Book of ASTM
Standards volume informalion, refer to the standard's Docurment Summiry puge on
the ASTM wehsite,
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caving, to advance lhe borehole, or (o isolate the interval being
monitored, or combination thereof.

3.1.4 caving/sloughing, n—ihe inflow of unconsolidated
material into an unsupported borchole that occurs when the
borchole walls lose (heir cohesive strength.

3.1.5 decontamination, n—the process of removing unde-
sirable physical or chemical constituents, or both, from equip-
ment to reduce the potential for cross-contamination.

3.1.6 direct push sampling, n—sampling devices that are
advanced into the soil to be sampled without drilling or
borehole excavation.

3.1.7 extension rod, n—hollow steel rod, threaded, in vari-
ous lengths, used to advance and remove samplers and other
devices during direct pushing boring. Also known as drive rod.
In some applications, small diameter solid cxtension rods are
used through hollow drive rods 1o activate closed samples at
depth.

3.1.8 incremental drilling and sampling, n—inserlion
method where rotary drilling and sampling cvents are alter-
nated for incremental sampling. Incremental drilling often is
needed Lo penetrate harder or deeper formations.

3.1.9 percussion driving, n—insertion method where rapid
hammer impacts are performed to advance the sampling
device. The percussion normally is accompanied with (he
application of a static down-force.

3.1.10 push depth, n—the depth below a ground surface
datum to which the lower end, or lip, ol the direct-push
sampling device is inserted.

3.1.11 sample interval, n—defined zone within a subsurface
strata from which a sample is gathered.

3.1.12 sample recavery, n—the length of material recovered
divided by the length of sampler advancement and stated as a
percentage.

3.1.13 sail core, n—cylindrical shaped specimen of sedi-
ments or other unconsolidated accumulations of solid particles
produced by the physical and chemical disintegration of rocks
and which may or may not contain organic matter recoyvered
from a soil sampler.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 closed barrel sampler, n—a sampling device with a
piston or other secured device that is held to block the
movement of material into the barrel until the blocking device
is removed or relecascd. Liners are required in closed barrel
samplers. Also may be referred to as a protected type sampler.

3.2.2 impact heads/drive heads, n—pieces or assecmblies
that fit to top of the above ground portion of the direct push tool
assembly 1o receive the impact ol the hammering device and
transfer the impact energy to sampler extensions,

3.2.3 open barrel sampler, n—sampling barrel with open
end allowing material to enter at any time or depth. Also may
be referred to as an unprotected type sampler.

3.24 piston lock, n—device to lock the sampler piston in
place to prevent any entry of a foreign substance into the
sampler chamber prior to sampling.

3.2.5 single tube system, n—a system whereby single
extension/drive rods with samplers atlached are advanced into
the subsurface strata to collect a soil sample.

Justin Jayne (INTERA+Inc.) pursuant to License Agreement. No further reproductions authorized,
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3.2.6 solid barrel sampler, n—a soil sampling device con-
sisting of a continuous or segmented tube with a wall thickness
sufficient to withstand the forces necessary to penetrate the
strala desired and gather a sample. A culting shoe and a
connecting head are attached to the barrel.

3.2.7 split barrel sampler, n—a soil sampling device con-
sisting of the two half circle tubes manufactured to matching
alignment, held together on one end by a shoe and on the other
by a connecling head.

3.2.8 two tube systems, n—a syslem whereby inner and
outer tubes are advanced simultancously into the subsurface
strata (o collect a soil sample. The outer tube is used for
borchole stabilization. The inner tube [or sampler recovery and
insertion,

4, Summary of Guide

4.1 Direct push soil sampling consists of advancing a
sampling device into subsurface soils by applying slatic
pressure, by applying impacts, or by applying vibration, or any
combination thereof, to the above ground portion of the
sampler extensions until the sampler has been advanced to the
desired sampling depth. The sampler is recovered from the
borchole and the sample removed [rom the sampler, The
sampler is cleaned and the procedure repealed for the next
desired sampling interval. Sampling can be continuous for full
depth borehole Jogging or incremental for specific interval
sampling. Samplers used can be protected type for controlled
specimen gathering or unprotected for general soil specimen
collection.

5. Significance and Use

5.1 Direct push methods of soil sampling are used for
geologic investigations, soil chemical composition studies, and
water qualily investigations. Examples of a few types of
investigations in which dircct push sampling may be used
include site assessments, underground storage tank investiga-
tions, and hazardous waste site investigations. Continuous
sampling is vsed to provide a lithological detail of the
subsurface strata and to gather samples [or classification and
index or for chemical testing. These investigations [requently
arc required in the characterization of hazardous waste sites.
Samples, gathered by direct push methods, provide specimens
necessary to determine the chemical composition of soils, and
in most circumstances, contained pore fluids (3).

5.2 Direct push methods can provide accurate information
on the characteristics of the soils encountered and of the
chemical composilion if provisions are made (o ensure that
discrete samples are collected, that sample recovery is maxi-
mized, and that clean decontaminated tools are used in the
sample gathering procedure. For purposes of this guide, “soil”
shall be defined in accordance with Terminology D 653. Using
sealed or protected sampling tools, cased boreholes, and proper
advancemenl lechniques can assure good representative
samples. Direct push borcholes may be considered as a
supplementary part of the overall site investigation or may be
used for the full site investigation if site conditions permit. As
such, they should be directed by the same procedural review
and qualily assurance standards that apply to other types of
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subsurface borings. A general knowledge of subsurface condi-
tions at the site is beneficial.

5.3 Soil strata profiling to shallow depths may be accom-
plished over large areas in less time than with conventional
drilling methods because of the rapid sample gathering poten-
tial of the direct push method. More site time is available for
actual productive investigation as the time required for ancil-
lary activities, such as decontaminalion, rig setup, tool han-
dling, borchole backfill, and site clean-up is reduced over
conventional drilling techniques. Direct push soil sampling has
benefits of smaller size tooling, smaller diameter boreholes,
and minimal investigative derived wasie,

5.4 The direct push soil sampling method may be used as a
site characlerization Lool for subsurface investigation and for
remedial investigation and corrective action. The initial direct
push investigation program can provide good soil stratigraphic
information depending on the soil density and particle size,
determine ground water depth, and provide samples for field
screening and for formal laboratory analysis to determine the
chemical composition of soil and contained pore fluids. Use of
this method, results in minimum site disturbance and no
cuttings are generaled.

5.5 This guide may not be the correct method for investi-
gations in all cases, As with all drilling methods, subsurface
conditions affect the performance of the sample gathering
equipment and methods used. Direct push methods are not
effective for solid rock and are marginally effcctive in partially
weathered rock or very dense soils. These methods can be
utilized to determine the rock surface depth. The presence or
absence of ground water can affect the performance of the
sampling tools, Compact gravelly tills containing boulders and
cobbles, stiff clay, compacted gravel, and cemented soil may
cause refusal to penetration. Certain cohesive soils, depending
on their water content, can create [riction on the sampling tools
which can exceed the static delivery force, or the impact energy
applicd, or both, resulting in penetration refusal, Some or all of
these conditions may complicate removal of the sampling tools
from the borchole as well. Sullicient retract force should be
available to ensure (ool recovery. As with all borehole advance-
ment methods, precautions must be taken to prevenl cross
contamination of aquifers through migration of contaminants
up or down the borehole. Regardless of the tool size, the
moving of drilling and sampling tools through contaminated
strata carries risks. Minimization of this risk should be a
controlling factor in sclecting sampling methods and drilling
procedures. The user should take into account the possible
chemical reaction between the sample and the sampling tool
itself, sample liners, or other items that may come into contact
with the sample (3, 4).

5.6 In some cases this guide may combine water sampling,
or vapor sampling, or both, with soil sampling in the same
investigation. Guides D 6001 and D 4700 can provide addi-
tional information on procedures to be used in such combined
efforts.

6. Criteria for Selection

6.1 Important criteria to consider when selecting sampling
tools include the following:
6.1.1 Size of sample.

tions authonzed.
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6.1.2 Sample quality (Class A,B,C,D) for physical lesting.
Refer to Practice IJ 4220.

6.1.3 Sample handling requirements, such as containers,
preservation requirements,

6.1.4 Soil conditions anticipated.,

6.1.5 Ground water depth anticipated.

6.1.6 Boring depth required.

6.1.7 Chemical composition of soil and contained pore
fluids.

6.1.8 Probability of cross contamination.

6.1.9 Available funds.

6.1.10 Estimated cost.

6.1,11 Time constraints,

6.1.12 History of tool performance under anticipated con-
ditions (consult experienced users and manufacturers),

6.2 Important eriteria to consider when selecting direct push
equipment include the following:

6.2.1 Site accessibility.

6.2.2 Site visibility.

6.2.3 Soil conditions anticipated.

6.2.4 Boring depth required.

6.2.5 Borehole sealing requirements,

6.2.6 Equipment performance history.

6.2.7 Personnc] requirements.

6.2.8 Decontamination requirements,

6.2,9 Equipment grouting capability.

6.2.10 Local regulatory requirements.

7. Apparatus

7.1 General—A direct push soil sampling system consists
of a sample collection tool, hollow extension rods for advance-
ment, retrieval, and transmission of energy to the sampler, and
an energy source to force sampler penetration. Auxiliary lools
arc required (o handle, assemble and disassemble, clean, and
repair the sample colleclion tools and impact surfaces. Neces-
sary expendable supplies are sample containers, sample con-
tainer caps, sample liners, sample retainers, appropriate lubri-
cants, and personal safety gear.

7.2 Direct Push Tool Systems:

7.2.1 Two Tube System—An outer casing and an inner
extension rod with a sampler attached (see Fig. 1) are advanced
simultaneously into the soil for the length capacity of the
sampler. The sampler is removed from the borehole and a new
sampler barrel or plug bit is inserted for each imcrement of
depth. Two-tube sampling systems also may incorporate
sample gathering chambers that are fitled into the outer casing
shoe. These sample barrels are designed (o create a minimum
of sample disturbance while gathering high quality specimens
(see Fig, 2), Samplers are held in the proper position by
different methods, such as extension rods, pneumatic or me-
chanical packers, spring activated latches, or other devices (sce
Figs. 1 and 2). Locking devices must be strong enough to hold
the sampler while penetrating the sample strata. The outer
casing supports the borehole wall. Sample retrieval is expe-
dited by the cased hole and continuous sampling is simplified.
Continuous sampling may be a benefit to lithological logging.
A cased borehole can be sealed from the bottom up as the
casing is extracled (see Section 10). A cased hole may reduce
the risk of contamination migration down the borehole and
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sample cross contamination. The two-tube system 15 more
susceptible to soil friction because of its larger diameter and
may require larger direcl push energy than single-tube systems.
An oversized drive shoe is sometimes used to reduce friction
and buckling but may increase the risk of contamination
migration down the borehole.

7.2.2 Single Tube System—The single tube system (see Fig.
3), uses a hollow extension/drive rod to advance and retrieve
the sampler. The sampler is attached to the bottom of the
extension/drive rod. A drive cap is added to the top of the
extension/drive rod and the sampler is pushed into the soil.
Extension/drive rods generally are smaller in diameter than the
sampler. The single tube systern minimizes effort for discrete
interval sampling under many subsurface conditions. Tool
connection time per interval is reduced. Time of removal and
reinsertion of samplers into the borehole is affected by soil
condilions. Repeated movement of the sampler through con-
taminated subsurface strata may increase the risk of contami-
nation migration down the borehole. Bottom up borehole
sealing may require re-entry in soil formations that collapse
(see Section 10).

7.3 Samplers:

7.3.1 Split Barrel Samplers—Split barrel samplers (sec Fig.
4) are available for use with direct push drilling methods and
are available in various sizes up to 3.0 in. (76.2-mm) inside
diameter. The inside tolerance should allow for use of liners,
Split barrel sampler shoes used in two tube systems must be of
sufficient diameter to prevent the intrusion of soil between the
outer diameter of the shoe and the inside wall of the outer tube.
Split barrel shoes should be replaced when the leading edge is
damaged. Damaged shoes can negatively affect sample recov-
ery. Samplers can be used with or without ball check value
fitted split barrel heads. The ball check prevents uphole fluids
from flowing down through the sample. Where soil sampling
will be perlormed below the water table, the split barrel head,
equipped with a ball check, should be used. The open split
barrel is best used with the two tube system because the outer
casing prolects the borehole against cave-in or sloughing, or in
soils in which the borehole wall will not collapse. Split barrel
sealing systems are available. Split barrel sections can be
joined (o create a sampler with a nominal sample length
capacily of 48 in. (1.22 m). It is understood that sarplers with
usable lengths beyond 24 in. (0,61 m) are used to advantage in
certain soil types; however, the added weight of the soil sample
in the chamber and the added {riction within the sampler may
prevent loose soils from entering the sampler, affecting sample
recovery and representativeness. Split barrel samplers can be
fitted with a basket to improve recovery in cohesionless soils.
Retainers are available in many styles and materials. Relainers
should allow the passage of softer soils. Stiff retainers can
reduce specimen recovery in soft soils.

7.3.2 Solid Barrel Samplers:

71.3.2.1 Open Solid Barrel Samplers—QOpen solid barrel (see
Fig, 5) samplers are used with all types of direct push sampling
systems, Solid barrels can have inside diameters ranging up Lo
3 in. (76.2 mm). Barrel lengths range from 6 in. (152.4 mm) lo
5 fi (1.53 m). Solid barrel samplers may be one piece or
segmented. Sample liners should be used to facilitate removal
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of the sample from the solid barrel. Without the use of liners,
samples are extruded mechanically. Liner lengths should fit
sampler barrel lengths. Solid barrel samplers are generally
assembled with a removable cutting shoe and a drive head (sce
Fig. 6). The head provides a backing to hold the liner stationary
while the sampler is advanced and serves as a connector to the
extension/drive rods. The shoe is manufactured to hold the
liner stationary during the soil collection procedure. The liner
should be slightly larger than the inner diameter of the cutting
shoe. It may be slipped over the cutting shoe (see Fig. 6) or
nested inside of the cutting shoe (see Fig. 7). The shoe is

Copyright by ASTM Int'l (all rights reserved); Mon May 2 11:39:30 EDT 2011 5
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FIG. 1 Split Spoon Sampling, Two Tube System

manufactured to cut the sample to a slightly undersized
diameter allowing it to pass into the sample liner with a
minimum of side friction lo reduce sample disturbance. The
amount of specimen contact with the inside of the shoe should
be held to the minimum distance possible to aid in achicving
the maximum amount of recovery.

7.3.3 Closed Barrel Sampler—Closed barrel samplers (see
Figs. 2 and 3, Figs. 5-8) are devices, which remain sealed shut
unlil an action is taken to open the sample receiving chamber.
These samplers are used most often for single events (discrete
point sampling) where a sealed sampler is required to avord
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316 SS Sample Tubes
With Caps

25mm x 2060mm
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FIG. 2 Sealed Sample Barrel, Single Tube System

cross contamination or in circumstances where borehole wall
stability cannot be assured. The shoe sealing device generally
is a point designed to allow the continuous flow of soil around
and past the sampler until such time as it is removed or
released, The piston point can be fitted with seals, such as 0"
rings at top and bottom to hold fluid out until sampling the
desired interval. The piston rod extends through the sample
retaining liner and must be released or removed for the soil to
enter (see Fig, 3, Fig. 5, Fig, 7). The piston can be removed
manually before sampling or be displaced by the soil entering
the sampler chamber, Using the displacement method can
result in reduced recovery if sampled soils do not have
sufficient strength (o displace the piston. Pistons are locked in
place by several methods, such as a spring loaded latch. The
latch holds several balls (see Fig. 2, Fig. 7, Fig. 8) into a groove
in the latch coupling, When the laich is released by lifting up
on the latch stem, the balls slip back into the latch chamber

Copyright by ASTM Int'l (all rights reserved), Mon May 2 11:3930 EDT 2011 6
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allowing the piston to be removed. Another method uses a
locking screw. A reverse thread pin (Fig. 3, Fig. 6) is positioned
in the sampler head to prevent the piston from being displaced
by the soil when advancing the sampler. At the sampling
interval, small diameter extension rods are inseried through the
sampler extension/drive rods and rotated clockwise to unscrew
the locking pin. A third method uses an inllated packer. An
inflated packer (see Fig. 9) is attached to the top of the sampler
barrel. The sample barrel is lowered into position in the drive
casing and the packer inflated. The packer is deflated Lo release
and the sample barrel is recovered after being advanced the
sampling interval.

7.3.4 Thin Wall Tube—A 1.0-in. (25.4-mm) diamelter thin
wall tube (see Fig. 10) is available for use with direct push
equipment and is manufactured according to Practice D 1587,
Thin wall tubes can be effective when used with dual lube
direct push systems as the borehole must be kept clear of
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FIG. 3 Driving and Sampling, Single Tube System

(a) Driving the sealed sampler.
(c) Collecting a sampla

disturbed soil prior to gathering a sample, Thin wall tubes may
be effective in cohesive soils with single tube systems when the
borehole can be kept clear of disturbed soil. Thin wall tubes
must have an outside diameter that will allow passage through
the outer casing. The thin wall tube can be operated in
accordance with Practice D 1587, or it can be advanced using
the percussion hammer of the direct push cquipment. The
primary use of the thin wall tube is lo gather relatively
undisturbed samples in cohesive soils. Sealing of thin wall tube
ends should be completed in accordance with Practice D 4220.
Fixed piston apparalus (see Fig. 10) also is available for use
with thin walled tubes. The fixed piston action allows the
sampling of very soft formations, which may not be retained in
conventional samplers, In certain soil formations, the thin wall
tube provides the best method to collect an undisturbed sample.
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(b) Remaoving the stop-pin.
(d) Recovering sample in [iner

7.3.5 Sampler Extension/Drive Rods—Sampler extension/
drive rods are lengths of rod or tube generally constructed of
stee]l to withstand the pushing or percussion forces applied.
Extension drive rods are available in various lengths. Rod
lengths should be mated with casing and sampling equipment
used. Thread types and classes vary between equipment
manufacturers. Rod joints can be sealed to prevent fluid
intrusion with “O” rings. Teflon™ washers or Teflon™ tape.
Because of the percussive effort, joint seals should be checked
for cach sampling cflort. Extension/drive rods should have
sufficient inside diameter to accommodate the equipment
necessary to perform the desired action,

7.3.6 Sampler Liners—Sampler liners are used to collect
and store samples for shipment to laboratories, for field index
testing of samples and for removing samples from solid barrel
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FIG. 4 Split Barrel Sampler, Two Tube System

type samplers. Liners are available in plastics, Teflon™, brass,
and stainless steel, Other materials can be used as testing needs
dictate. Liners are available in lengths from 6 in. (152.4 mm)
10 5.0 ft (1.53 m). Liner material selection often is based on the
chemical composition of liner/soil to minimize sample reaction
with liner. Most liner use is short term as samples are
subsampled and preserved immediately on site. A general rule
for liner selection is stainless steel for organic compounds and
plastic for metals. Teflon™ may be required for mixed wastes
and for long time storage. Liners should be sealed in accor-
dance with Practice D 4220 when samples are collected for

Copyright by ASTM Int'l (all rights reserved); Mon May 2 11:39:30 EDT 2011 8

Downloaded/printed by

physical testing. Other appropriale procedures must be used
when samples are collected for environmental analysis (sce
Practices D 3694) (1, 2). Liners generally are split in the field
for subsampling. Individually split liners are available in some
sizes for field use. The liner should have a slightly larger inside
diameter than the soil specimen to reduce soil [riction and
enhance recovery. When a slightly oversized liner is used, the
potential for air space exists around the sample. Certain
chemical samples may be affected by the enclosed air. Liners
having less tolerance may be required and a shortened sampled
interval used to reduce friction in the liner. Metal liners can be
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FIG. 5 (A) Open and (B) Closed Piston Sampler Assembly, Single Tube System

reused after proper cleaning and decontamination. Plastic
liners should be disposed of properly after use.

7.3.7 Sample Containers—Sample containers should be
prescribed according to the anticipated use of the sample
specimen. Samples taken for chemical testing may require
decontaminated containers with specific preservatives. Practice
D 3694 provides information on some of the special containers
and preservation techniques required (1, 2). These containers
generally will be decontaminated to specific criteria. Samples
for geotechnical testing require certain minimum volumes and
specific handling techniques. Practice D 4220 offers guidance
for sample handling of samples submitted for physical festing,
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7.4 Direct Push Power Sources—Soil probing percussion
driving systems, penetrometer drive systems, and rotary drill-
ing equipment may be used to drive casings and direct push
soil sampling devices. The cquipment should be capable of
applying sufficient static force, or dynamic force, or both, to
advance the sampler to the required depth to gather the desired
sample. The system must have adequate retraction force to
remove the sampler and extension/drive rods once the selected
strata has been penetrated. Rotation of the drill siring can be
added during insertion, as well as during retraction if the drive
system can impart rotation.
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FIG. 6 Sampler Parls, Single Tube System

T.4.1 Retraction Force—The retraction force can be applied
by direct mechanical pull back using the hydraulic system of
the power source; line pull methods using mechanical or
hydraulic powered winches, or cathead and rope windlass type
devices. Winches used wilh direct push technology should
have a minimum of 2000 1b (907 kg) top layer rating capacity
and a line speed of 400 ft (121.96 m)/min to provide effective
tool handling, Direct push sampling tools can be retracled by
back pounding using weights similar to those of standard

Capyright by ASTM Int') (all rights reserved); Mon May 2 11:39:30 EDT 201110
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penetration testing praclices. Backpounding Lo recover samples
can affect recovery and cause disturbances to the sample, Other
forms of extraction, such as jacking, that do not cause undue
disturbance to the sample, are preferable.

7.4.2 Percussion Devices—Percussion devices for use with
direct push methods are hydraulically-operated hammers, air-
operated hammers, and mechanically-operated hammers.
Hydraulically-operated hammers should have sufficient energy
to be effective in moving the samplers through the subsurface
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strata. The maximum energy application is dependent on the
tools used. Hammer energy that exceeds tool tolerance will
result in tool damage or loss and will not achicve the goal of
collecting high quality samples. Air-operated hammers should
be capable of delivering sufficient energy, as well. Hammer
systems utilizing hydraulic oil or air should be operated in the
range specified by the manufacturer. Manually-operated ham-
mers can be used to advance direct push tools. These hammers
can be operated mechanically or manually using cathead and
rope. These systems generally involve using 140 Ib, standard
penetration (see Test Mcthod D 1586) hammers, which can

Copyright by ASTM Int'l (all rights reserved); Mon May 2 11:39:30 EDT 2011 11
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FIG. 7 Closed Solid Barrel Sampler, Single Tube System

work well for direct push sampling. In operation, these
hammers tend to be slower than hydraulic hammers and can
cause tool damage if direct push tools are not designed to take
the heavy blows associated with these hammers. The
hydraulic- and air-operated hammers strike up to 2000 blows/
min. In addition to the energy transferred, the rapid hammer
action sets up a vibratory effect, which also aids in penetration.
This vibratory effect, along with the percussive effort, may
disturb some soil samples.

7.4.3 Static Push Systems—Cone penetrometer sysiems are
an example of static push systems. They impart energy 1o the
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FIG, 8 Closed Solid Barrel Sampler, Single Tube System

sampler and extension rods by using hydraulic rams to apply
pressure. The pressure applied is limited to the reactive weight
of the drive vehicle. Retraction of the sampler and extension
rods is by static pull from the hydraulic rams.

7.4.4 Vibratory/Sonic Systems—These systems ulilize a vi-
bratory device, which is atlached to the top of the sampler
extension rods. Reactive pressure and vibratory action are
applied to the sampler extensions moving the sampler into the
formation. In certain formations, sample recovery and forma-
tion penetration is expedited; however, all formations do not
react the same to vibratory penetration methods,
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Downloaded/printed by

7.4.4.1 Senic or Resonance Drilling Systems—These are
high powered vibratory systems that can be effective in
advancing large diameter single or dual tube systems. They
generally have depth capabilities beyond the smaller direct
push systems.

7.4.5 Rotary Drilling Equipment—Direct push systems are
readily adaptable to rotary drill units. The drill units offer a
ready hydraulic system to operate percussion hammers, as well
as reaclive weight for static push. Because most drills are
equipped with leveling jacks, better weight application is
achieved. Vertical pushing is improved because of the ability to
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FIG. 9 Sampler Holding Methods, Two Tube System

level the machine. Tool handling is facilitated by high speed
winches common to drilling rigs, extended masts for long tool
pulls, and longer feed stroke length. Drill units with direct push
adaptations also offer drilling techniques should obstacles be
encountered while using direct push technology. Large drill
units may have reactive weights that can exceed the ool
capacity, thereby resulting in damaged tools,
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8. Conditioning

8.1 Decontamination—Sampling equipment that will con-
tact the soil to be sampled should be cleaned and decontami-
nated before and after the sampling event. Extension rods
should be cleaned prior to each boring to avoid the transfer of
conlaminants and to case the connecting of joints. Thread
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maintenance is necessary lo ensure long service life of the
tools. Sample liners should be kept in a sealed or clean
environment prior to use. Reusable liners should be decontami-
nated between each use. All ancillary tools used in the
sampling process should be cleaned thoroughly, and if con-
taminants are encountered, deconlaminated before leaving the
site. It should not be assumed that new tools are clean. They
should be cleaned and decontaminated before use. Decontami-
nation should be performed following procedures outlined in
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FIG. 10 Thin Wall Tube Sampler, Two Tube System

Practice D 5088 along with any site safety plans, sampling
protocols, or regulatory requircments.

8.2 Tool Selection—Prior to dispatch to the project site an
inventory of the necessary sampling tools should be made.
Sample liners, containers, sampling tools, and ancillary equip-
ment should be checked Lo ensure its proper operation for the
work program prescribed. Sampling is expedited by having
two or more samplers on site. Since samples can be recovered
quite fast, a supply of samplers will allow a boring to be
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completed so other functions can be performed while samples
are being processed. A backup tool system adaptable to and
within the capabilities of the power source should be available
should the original planned method prove unworkable. Mate-
rials for proper sealing of boreholes should always be available
al the site (5-7).

9, Procedure

9,1 While procedures for direct push soil sampling with two
common direct push methods are outlined here, other systems
may be available. As long as the basic principles of practice
relating to sampler construction and use are followed, other
systems may be acceptable.

9.2 General Set-Up—Select the boring location and check
for underground and overhead utilities and other site obstruc-
tions. Establish a reference point on the site for datum
measurements, and set the dircct push unit over the boring
location. Stabilize and level the unit, raise the drill mast or
frame into the drilling position, and attach the hammer assem-
bly to the drill head il not permanently attached. Atlach the
anvil assembly in the prescribed manner, slide the direct push
unit into position over the borehole, save a portion of the
sliding distance for alignment during tool advancement, and
ready the tools for insertion.

9.2.1 Tool Prepuration—Inspect the direct push tools before
using, and clean and decontaminate as necessary. Inspect drive
shoes for damaged cutting edges, dents, or thread failures as
these conditions can cause loss of sample recovery and slow
the advancement rate. Where permissible, lubricate rod joints
with appropriate safe products, and check impact surfaces for
cracks or other damage that could result in failure during
pperations. Assemble samples and install where required,
install sample retainers where needed, and install and secure
sampler pistons to ensure proper operation where needed.

9.2.2 Sample Processing—Sample processing should fol-
low a standard procedure to ensure quality control procedures
are completed. View sample in the original sampling device, if
possible. Open the sampling device with care to keep distur-
bance to a minimum. When using liners or thin wall (ubes,
protect ends to prevent samples [rom falling out or being
disturbed by movement within the liner. Measure recovery
accurately, containerize as specified in the work plan or
applicable ASTM procedures, and label recovered samples
with sufficient information for proper identification. When
collecting samples for volatile chemical analysis, sample
specimens must be contained and preserved as soon as possible
to prevent loss of these components. Follow work plan
instructions or other appropriate documents (see Practice
D 3694) when processing samples collected for chemical
analysis,

9.3 Two Tube System:

9.3.1 Split Barrel Sampling (see Fig. 1)—Assemble the
outer casing with the drive shoe on the bottorn, attach the drive
head to the top of the outer casing, and atlach the sampler to the
extension rods. Connect the drive head to the top of the
sampler extension rods, and insert the sampler assembly into
the outer casing. The sampler cutting shoe should contact the
soil ahead of the ouler casing to prevenl unnecessary sample
disturbance. The split spoon cuiting shoe should extend a
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minimum of 0.25 in. (6,25 mm) ahead of the outer casing.
Greater cxtensions may improve recovery in soft formations.
Mark the outer casing to designate the required drive length,
position the outer casing and sampler assembly under the drill
head, and move the drill head downward to bring pressure on
the tool string. If soil conditions allow, advance the sampler/
casing assembly into the soil at a steady rate slow enough to
allow the soil to be cut by the shoe and move up inside the
sample barrel. If advancement is oo rapid, it can resull in loss
of recovery because of soil friction in the shoe. Occasional
hammer action during the push may help recovery by agitating
the sample surface. 1f soil conditions prevent smooth static
push advancement, activate the hammer to advance the sam-
pler. Apply a continuous pressure while hammering to expedile
soil penetration. The pressure required is controlled by subsur-
face conditions. Applications ol excessive down pressure may
result in the dirccl push unit being shifted off the borchole
causing misalignment with possible tool damage. Stop the
hammer at completion of advancement of the measured sam-
pling barrel length. Relcasc the pressure and move the drill
head off the drive head. Attach a pulling device to the cxtension
rods or position the hammer bail and retrieve the sampler from
the borchole. At the surface remove the sampler from the
exlension rods and process. Soil classification is accomplished
casily using splil barrel samplers as the specimen is available
readily for viewing, physical inspection and subsampling when
the barrel is opened. Clean, deconlaminate, and reassemble the
sampler. Reattach the sampler to the extension rod, add the
necessary extension rod and outer casing to reach the next
sampling interval, and sound the borehole for free water before
each sample interval. If water is present, it may be necessary Lo
change sampling tools. Unequal pressure inside the casing may
resull in blow-in of material disturbing the soil immediately
below the casing. Lower the sampler to its proper position, add
the drive heads, and repeat the procedure. If it is desired that
the pass through certain strata without sampling, install an
extension rod point in lieu of the sampler. When the sampling
interval is reached, remove the point and install the sampler.
Advance the sampler as described. Upon completion of the
borchole, remove the outer casing afler instrumentation has
been sel or as the borehole is sealed as described in Section 10
(6).

9.3.2 Two Tube System—Other Samplers:.

9.3.2.1 Thin Wall Tubes—Thin wall tubes (see Fig. 10) can
be used with the dual tube system. Attach the tube to the tube
head using removable screws. Attach the tube assembly to the
extension rods and position at the base of the outer casing shoe
protruding a minimum of 0.25 in. (6.25 mm) to contact the soil
ahead of the outer casing. Advance the tube, with or without
the outer casing, at a steady rate similar to the requirements of
Practice D 1587. Al completion of the advancement interval,
let the tube remain stationary for | min. Rotate the tube slowly
two revolutions to shear ofl the sample. Remove the tube from
the borehole, measure recovery, and classify soil. The thin wall
tube can be field extruded for on-site analysis or sealed in
accordance with Practice D 4220 and sent to the laboratory for
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processing. Samples for environmental testing generally re-
quire the subsampling and preservation of samples in con-
trolled containers. Soil samples generally are removed from the
sampling device for storage and shipping. Thin wall tubes
should be cleaned and decontaminated before and after use.
9.3.2.2 Thin Wall Tube Piston Sampler (see Fig. 11)—
Check the fixed piston sampling equipment for proper opera-
tion of the cone clamping assembly and the condition of the
sealing “O" rings. Slide the thin wall tube over the piston, and
attach it to the tube head. Position the piston at the sharpened

end of the thin wall tube just above the sample relief bend.
Attach the sampler assembly to the extension rods, and lower
the sampler into position through the outer casing. Install the
actuator rods through the extension rod, and attach to the
acluator rod in the sampler assembly. Attach a holding ring to
the top of the actuator rod string, and hook the winch cable or
other hook to the holding ring to hold the actuator rods in a
fixed position. Attach the pushing fork to the drill head/probe
hammer, and slowly apply downward pressure to the extension
rods advancing the thin wall tube over the fixed piston into the

HEAD

CLAMF

.
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FIG. 11 Fixed Piston Sampler, Two Tube System
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soil for the sample increment, Rest sampler 1 min to allow
sample to conform Lo tube. Rotate tube one revolution 1o shear
off sample, Remove sampler assembly from borehole and
process sample (6).

9.3.2.3 Open Solid Barrel Samplers—Use solid barrel sam-
plers in advance of the outer casing where the soil conditions
could cause swelling of split barrel samplers, or where friction
against the outer casing precludes its advancement and sam-
pling must still be accomplished. The solid, single, or seg-
mented barrel sampler requires the use of liners for removal of
the sample. The sampler must be cleaned and decontaminated
before use. Use of the sampler follows the procedure deseribed
in 9.3.1.

9.4 Single Tube System:

9.4.1 Open Solid Barrel Sampler (see Figs. 5 and 6)—
Attached the required liner to the cutting shoe by insertion into
the machined receptacle area or by sliding over the machined
tube. Insert the liner and shoe into the solid barrel, and attach
the shoe (6, 8-11). Attach the sampler head to the sampler
barrel providing a backing plate for (he liner. Altach the
sampler assembly to the drive rod and the drive head to the
drive rod. Position the assembly under the hammer anvil and
advanced as described in 9.3.1. At completion of the sampling
increment, remove the sampler from the borchole. Remove the
filled sample liner from the barrel by unscrewing the shoe, cap
the liner for laboratory testing or spit open for ficld processing,
and advance the borehole by repeating the procedure. Because
the solid barrel cannot be opened for cleaning, it may require
more effort for cleaning and decontamination. The open solid
barrel sampler is used in soil formations that have sulficient
wall strength to maintain a borehole wall without sloughing or
cave-in, In soil formations not affording such structure, other
sampling methods may be required or the opening sealed. To
enhance recovery in some soil strata, it may be necessary to
vary the length of the sampling increment. Shorter increments
generally improve recovery because of lower sample [riction
and compression inside the sampler chamber. Sample recovery
can be enhanced in some formations by intermittent use of the
percussion hammer (6, 8, 10, 11).

9.4.2 Closed Selid Barrel Sampler (see Figs. 5-7, Fig.
11)—Insert or attach the sample liner to the shoe, and insert the
assernbly into the solid barrel sampler, Install sample retaining
basket if desired. Attach the latch coupling or sampler head to
the sampler barrel, and allach the piston assembly with point
and® O” rings if free water is present, to the latching mecha-
nism or holder. Insert the piston or packer into the liner Lo ils
proper position so the point leads the sampler shoe. Set latch,
charge packer, or install locking pin, and attach assembled
sampler to drive rod. Add drive head and position under the
hammer anvil, Apply down pressure, hammer if needed, to
penetrate soil strala above the sampling zone. When the
sampling zone is reached, insert the piston latch release and
recovery tool, removing the piston, or insert the locking pin
removal/extension rods through the drive rods, turn counter-
clockwise, and remove the piston locking pin so the piston can
float on top of the sample, or release any other piston holding
device. Direct push or activate the hammer to advance the
sampler the desired increment. Retrieve the sumpler from the
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borehole by withdrawing the extension/drive rods. Remove the
shoe, and withdraw the sample liner with sample for process-
ing. Clean and decontaminate the sampler, reload as described,
and repeat the procedure. Extreme stress is applied to the
piston when driving through dense soils. If the piston releases
prematurely, the sample will not be recovered {rom the correct
interval, and a resample attempt must be made. The piston
sampler can be used as a re-entry grouting tool for sealing
borcholes on completion if” it is equipped with a removable
piston (5, 6, 7, 10, 11),

9.4.3 Standard Split Barrel Sampler—Attach the split spoon
to an extension rod or drill rod. Using a mechanical or
hydraulic hammer drive the sampler into the soil the desired
increment, as long as that increment does not exceed the
sampler chamber length. Remove the sampler from the bore-
hole, disassemble, and process sample, Standard split barrel
samplers can be used, as long as borechole wall integrity can be
maintained and the additional friction can be overcome. If
caving or sloughing occurs, the sampler tip should be sealed or
other sampling tools vsed (9).

9.5 Quality Control:

9.5.1 Quality Control—Quality control measures arc neces-
sary to ensure that sample integrity is maintained and that
project data quality objectives are accomplished. By following
good engineering principles and applying common sense,
reliable site characlerizations can be accomplished.

9.5.2 Water Checks—Water secping into the direct push
casing or connecting rods from contaminaled zones may
influence testing results. Periodically check for ground water
before inserting samplers into borehole or into outer casings in
the two tube system. If waler is encountered, it may be
necessary to switch to the sealed piston type samplers to
protect sample integrity. Sealed piston type samples may not
always be water light. Scaling of rod or casing joints can
prevent ground water from entering through the joints,

9.5.3 Datum Points—Establishment of a good datum refer-
ence is essential to providing reliable sample interval depths
and eclevators. Select datum relerence points that are suffi-
ciently protected from the work effort, and that can be located
for future relerence, Field measurements should be to 0.1 It
(3.05 mm). Measure extension rods as the bore advances to
locate sample depth. Mark rods before driving cach sample
interval to determine accurate measurement of sample recovery
and (o accurately log borehole depth.

9.54 Sample Recovery—Sample recovery should be moni-
tored closely and results documented. Poor recovery could
indicate a change in sampling method is needed, that improper
sampling practices are being conducted, or that sampling tools
are incorrect. Sample recovery involves both volume and
condition. Poor sample recovery should cause an immediate
review of the sampling program.

9.5.5 Decontamination—Follow established decontamina-
tion procedures. Taking shortculs may resull in erroneous or
suspect data.

10. Completion and Sealing

10.1 Completion—For boreholes receiving permanent
monitoring devices, completion should be in accordance with
Practice D 5092, site work plan, or regulatory requirements.
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10.2 Borehole Sealing—Seal direct push boreholes to mini-
mize preferential pathways for conlainment migration, Addi-
tional information and guidance on borehole sealing can be
found in Guide D 6001 and in Guide D 5299. State or local
regulations may control both the method and the materials [or
borehole sealing. Regulations generally direct bottom up bore-
hole sealing as it is the surest and most permanent method for
complete sealing. High pressure grouting is available for use
with direct push technology for bottom up borehole sealing.

10.2.1 Sealing by Slurry, Two Tube System—Sound the
borehole [or free water. If water exists in the casing, place the
extension rods, open-ended, (o the bottom of the outer casing,
as a tremie. Mix the slurry (o standard specifications prescribed
by regulation or work plan, Pump slurry through the extension/
drive rod until it appears at the surface of the outer casing.
Remove the extension rods. If no free water exists in the
borehole, the slurry can be placed by gravity. Top off the outer
casing as it is removed [rom the borehole.

10.2.1.1 Slurry Mixes—Slurry mixes used for slurry grout-
ing of dircct push boreholes generally are of lower viscosity
because of the small diameter tremie pipes required. Usable
mixes are 6 to 8 gal (22.7 to 30.28 L) of water/94-1b (42.64-kg)
bag of cement with 5 1b (2.27 kg) of bentonite or 24 to 36 gal
(90.84 1o 136.28 L) of water to 50 1b (22.68 kg) of bentonite.

10.2.2 Sealing by Gravity—Two Tube System—Measure the
cased hole to ensure it is open to depth. Slowly add bentonite
chips or granular bentonite to [ill the casing approximately 2 [t.
Withdraw the casing 2 ft and recheck depth. Hydrate the
bentonite by adding water. Repeat this procedure as the outer
casing is withdrawn, The bentonite must be below the hottom
of the casing during hydration. Wetness inside the rods may
affect the flow of granular bentonite to the bottom of the
casing. Fill the top foot of the borehole with material that is the
same as exists in that zone,

10.2.3 Borehole Sealing Single Tube System:

10.2.3.1 Gravity Sealing from Surface—II the soil strata
penctrated has sufficient wall strength to maintain an open
hole, then it may be possible to add sealing malerials from the
surface. Dry bentonite chips or granular bentonite can be
placed by gravity. The borehole volume should be determined
and the borehole sounded every 10 ft (3 m) to ensure bridging
has not occurred. The bentonite should be hydrated by adding
approximately 1 pt (0.57 L) of water for each 5 ft of filled
borchole. Seal the surface with native material.
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10.2.3.2 Wet Grout Mix Tremie Sealing—Tremie sealing
methods can be used with single tube systems when borehole
wall strength is sufficient to maintain an open hole or when
exlenslon rods with an expendable point are used to reenter the
borehole. The grout pipe should be inserted immediately after
the direct push tools are withdrawn or through the annulus of
the extension rods that have been reinserted down the borehole
for grouting. Care must be taken to not plug the end of the
grout pipe. Side discharge grout pipes also can be used to
prevent plugging.

10.24 Re-Entry Grouting—If the borchole walls are not
stable, the borehole can be re-entered by static pushing
grouting tools, such as an expendable point attached to the
extension/drive rods to the bottom of the original borchole.
Pump a slurry through the rods as they are withdrawn, High
pressure grouting equipment may be beneficial in pumping
standard slurry mixes through small diameter gravity pipes.
Care must be taken to ensure the original borehole is being
sealed.

11. Record Keeping

11.1 Field Report—The field report may consist of boring
log or a report of the sampling event and a description of the
sample. Soil samples can be classified in accordance with
Practice D 2488 or other methods as required for the invesli-
gation (12). Prepare the log in accordance with standards set in
Guide D 5434 listing the paramelers required for the field
investigalion program. List all contaminants identified, instru-
ment readings taken, and comments on sampler advancement.
Record any special field tests performed and sample processing
procedures beyond those normally used in the defined inves-
tigation. Record borehole sealing procedures, materials used,
and mix formulas on the boring log, Survey or otherwise locate
the boring site to provide a permanent record of its replace-
ment.

11.2 Backfilling Record—Record the method of sealing,
malerials used, and volume of malerials placed in each
borehole. This information can be added to the field boring log
or recorded on a separale abandonment form,

12. Keywords

12.1 decontamination; direct push; ground water; sealing;
soil sampling
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5. Electrical Conductivity Test

Soil samples for the electrical conductivity (EC) test are taken from the 0- to 3-inch depth. Bulked
soil samples from across the field can be collected, and two subsamples can be taken for analysis
(See Chapter 1, Sampling Guidelines). Electrical conductivity, pH, and soil nitrate are all

measured from the same soil subsample.
Materials needed to measure electrical conductivity (EC):

* 1/8-cup (30 mL) measuring scoop

= 120-mL plastic containers with lid

= EC pocket meter (blue with black cap)
* squirt bottle

* calibration solution (0.01 M KCI)

« distilled water

@ Extract Subsample

Did You Know?
Excess salts in soil can be a
defriment to plant health. Salts
can also hamper water move-
ment into the soil and increase
the occurrence of surface com-
paction.

The soil sample should be thoroughly mixed before taking a subsample, Measure a 1/8-cup
level scoop subsample of soil and place it in the plastic container. If soil nitrates will be
measured on this subsample (Chapter 7), weigh the subsample for a more accurate estimate
of soil nitrates. Enter the subsample weight on the Soil Data worksheet.

@ Add Water to Subsample and Mix

= Add 1/8-cup (30 mL) of distilled water to

Calibration Tip: Make sure the EC

meter is calibrated before

the container with the subsample. The making a measurement.
resulting soil/water mixture equates to a _ See Appendix C for cali-

1:1 soil 1o water ratio on a volume basis.
« Put the lid on the container and shake

bration instructions.

vigorously about 25 times.

@ Measure and Record EC (See Calibration Tip)

* Open the container and insert the EC pocket meter into the soil-water mixture. Take the
reading while the soil particles are still suspended in solution. To keep the soil particles
from settling, stir gently with the EC pocket meter. Do not immerse the meter above
the immersion level (See Appendix C, Figure 1c). Allow the reading to stabilize (stays

the same for about 10 seconds).

«  Enter the EC reading on the Soil Data worksheet in decisiemens per meter (dS/m). The
DiST WP 4 meter gives readings directly in dS/m. For the Microsensor 4 meter, divide
the reading by 10, and for the Microsensor 3 meter, divide the reading by 100 to get

readings in dS/m.

*  Save the soil-water mixture for the pH measurement (Chapter 6).

@ Turn the meter off. Thoroughly rinse meter with distilled water and replace cap.

14




6. Soil pH Test

Use the same soil-water mixture prepared in the EC test to conduct the pH Test. If you are start-
ing with a fresh soil sample, read the introduction and follow Steps 1-3 in the EC Test Chapter
on preparing the sample.

Materials needed to measure pH:
s Did You Know?

Soil acidification can also be an

. 1/8-cup (30 mL) measuring scoop il * A
indication of excessive N fertilizer

. plastic specimen bottle o :

. calibration buffer solutions applications and N leaching loss.
. squirt bottle

’ pH pocket meter (red with black cap)

. distilled water

Considerations: [f the soil sample is saturated or very wet, a 1:1 ratio, on a volume basis, of soil
to water will not be obtained in the soil-water mixture (See Step 2, Chapter 5). Let the soil dry
before proceeding with Step 1 in Chapter 5. Also, a small amount of salts diffuse out of the pocket
pH meter; therefore, EC measurements should always be taken first when measuring both EC
and pH on the same sample.

@ Measure and Record pH

»  Make sure to periodically calibrate your pH meter (See Appendix C for instructions). If
the meter has not been used in a while, place the meter in tap water for about 5 minutes
before calibrating or taking a reading.

*  Wait about 10 to 15 minutes after the EC measurement before measuring the pH. This
gives the soil particles time to settle, Insert the pH pocket meter into the topmost

portion of the solution and turn the meter on. Wait until the reading stabilizes (0-30
seconds), and record the digital reading on the Soil Data worksheet.

@ Rinse Pocket Meter
*  Thoroughly rinse the electrode with distilled water.

« Store the electrode with a few drops of the pH 7 buffer solution and replace the cap.
(See Appendix C on storage of pH meter)

Maintenance Tips: Check the batteries
and calibrate the EC and
pH meters periodically.

‘J Be sure to clean the
meters thoroughly to keep
them working properly.

15




7. Soil Nitrate Test (NO,)

Use the same sample prepared for the EC and pH tests to measure soil nitrates, If you are starting
with a fresh soil sample, read the introduction and follow Steps 1-3 in the EC Test Chapter on
preparing the sample.

®

Materials needed to measure soil nitrate:

Did You Know?
= filter paper Soil nitrates are good measures of
e 120-mL plastic container with lid plant-available nitrogen, but they
* eye dropper can be readily lost from the soil by
* nitrate/nitrite test strips leaching and volatilization.

* stopwatch or timer
» distilled water

Fold Filter

Fold the filter paper in half (into a semicircle).
Fold it again, but not quite into a quarter-circle.
Leave the edges a little uneven as in Figure 7.1
(A black line is drawn for demonstration purposes.)

Insert Filter Paper into Subsample

Open the filter paper into the shape of a cone and push Figure 7.1
it (pointed part first) quickly into the jar with the
soil/water mixture until it touches the bottom of the
jar (Figure 7.2). Wait until about an eye dropper-
full of the solution has seeped through to the inside
of the filter paper. (Note: Inserting the filter
paper quickly prevents it from wetting up and
tearing as it is inserted.)

[For Steps 3 & 4, it would be helpful to first
familiarize yourself with the directions on the
side of the bottle of nitrate strips.]

Figure 7.2

Place Drops on Nitrate Strips

Using the eye dropper and one nitrate/nitrite test strip, place 1 or 2 drops of the filtered
solution on each of the strip's two pads. Note the time.

NOTE: One pad measures the amount of nitrite, and the other measures the amount of
nitrite and nitrate combined. Nitrite rarely occurs in measurable amounts in soils, so nitrite
readings from the test strips are not recorded.

16



@ Measure and Record Nitrate @

*  Align the nitrate/nitrite test strip with the bottom of the bottle with your thumb corre-
sponding to the diagram on the bottle.

«  After 60 seconds, compare the first pad (fur-
thest from your thumb) along the nitrate scale
as shown in Figure 7.3. Estimate the nitrate
amount according to the degree of color change.
Enter the value from the nitrate scale on the Soil
Data worksheet in ppm. This value is an esti-
mate of nitrate-N concentration in the extract,

NOTE: The nitrate test strips have a shelf-life.
Check the expiration date on the bottle.

Figure 7.3

CALCULATIONS:

Estimated (Ib NO,-N/acre) =

(ppm extract NO,-N) x (depth of soil sampled in cm) x bulk density x 0.89
10

Exact (Ib NO,-N/acre) =
(ppm NO-N) x (volume water used) x (depth of soil sampled, cm) x bulk density x 0.89
(dry weight of soil) x 10

Volume water used = 30.0 mL + [dry weight of soil x soil water content (g/g)]

Note: The maximum nitrate-N reading on the nitrate/nitrite test strip container is 50 ppm. If the
sample reading falls into the 50 ppm category, the sample can be diluted to get a better estimate of
the actual amount over 50 ppm. To dilute the sample, fill the eye dropper with filtered solution and
place five drops in a plastic container. Add five drops of distilled water; mix gently by swirling the
container. Take a reading with a new test strip as stated in Step 4. Multiply the estimated nitrate-N
in ppm by 2 before using the calculations. If the nitrate reading falls into the category of 50 ppm
again, repeat the dilution steps, and multiply the estimated nitrate-N in ppm by 4.

Did You Know?
Water samples may be taken from drinking water, well water, tile drainage, drainage
ditches, and ponds. Dip a nitrate/nitrite test strip into the water and estimate the nitrate or
nitrite concentration from the color chart on the test strip bottle. This test can give you an
idea of how much N fertilizer is lost from the soil. (See Chapter 12).

17
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1.0 INTRODUCTION

Denison Mines (USA) Corp. (DUSA) received a Request for Voluntary Plan and Schedule to
Investigate and Remediate Nitrate Contamination at the White Mesa Mill (the “Mill”") Sile, near
Blanding. Utah (the “Request”™) from the Co-Executive Secretary (the “Co-Lxecutive Secretary™)
of the Utah Waler Quality Board, ol the Utah Depariment of Environmental Quality (UDEQ) on
September 30, 2008. In the Request, the Exccutive Secretary noted that groundwater nitrate as
nitrogen levels have exceeded the State water quality standard of 10 milligrams per liter (mg/L.)
in certain monitoring wells at the Mill Site. For the remainder of this documenL. any reference o
pitrate_or ammonia, whether or not the reference specifies ", means the analyle *

nitrogen”.

As a result of the Request, DUSA agreed to submit a plan of action and a schedule for Co-
Execulive Secretary approval for completion of a Contamination Investigation Report (“CIR”) to
determine the physical cause(s), location(s), transfer mechanism(s) and characteristics of all
source(s) of the nitrate contamination in order to form a basis for and facilitate later submittal of
a groundwaler Corrective Action Plan (“CAP™) that meets the requirements of Ulah
Administrative Code (UAC) R317-6-6.15D, or to demonstrate conclusively that DUSA did not
cause or contribute to the nitrate contamination in any manner and that, as a result, such a CAP is
not necessary. Subsequently, in a letter dated December 1, 2009, UDEQ noting that clevated
chloride concentrations exist, apparently coincident with elevated nilrate concentrations,
recommended that DUSA also address and explain the elevated chloride concentrations.

DUSA and the Co-Executive Secretary entered into a Stipulated Consent Agreement Docket No.
UGW09-03 dated January 27, 2009 (“Consent Agreement™) related to nitrate contamination at
the Mill. Pursuant to Item 6.A of the Consent Agreement, DUSA submitted a Nitrate
Contamination Investigation Report, White Mesa Uranium Mill Site, Blanding Utah, dated
December 30, 2009 (CIR) to the Utah Division of Radiation Control (“DRC™). By a letter dated
QOctober 5, 2010, the Co-Executive Secretary notified DUSA of his determination that the CIR is
incomplete.

By an email transmitted to the Co-Executive Secretary on October 20, 2010, and pursuant to
Item 11 of the Consent Agreement, DUSA requested an amendment to the deadline stipulated in
item 7.C of the Consent Agreement DUSA requested item 7.C be amended as follows: a. DUSA
representatives would meet with the Co-Exccutive Secretary and his legal counsel within two
weeks from the date of the email to discuss the legal responsibilities of DUSA with respect to the
nitrate contamination; b. Once the legal responsibilities of DUSA with respect to the nitrate
contamination have been determined, DUSA would, within 30 days after such a determination
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was made, submit to the Co-Executive Secretary for approval a plan and schedule to perform any
further investigations that may be required in order to remedy any such omissions, content
requirements or failures of performance standards, and to submit a revised CIR; and ¢. DUSA
would perform such investigations and submit a revised CIR in accordance with the agreed upon
plan and schedule. At an October 26, 2010, meeting with the Co-Executive Secretary, DRC staff
and legal counsel DUSA reported that it was premature to submit a schedule for submittal of
performance standards and a Corrective Action Plan for the nitrate contamination. In turn,
DUSA presented a new theory for a possible source of the nitrate and chloride contamination
beneath the Mill, based on DUSA’s review of the scientific literature (New Theory), specifically.
that the nitrate contamination source is or could be caused by naturally occurring nitrate and
chloride salt deposits located in the vadose zone near or beneath the Mill site arca, which have
been mobilized by natural and/or artificial recharge. The parties agreed that this New Theory
warranted additional investigation, along with certain of the other additional studies suggested in
the October 5, 2010 DRC Notice. DUSA submitied via email on November 15, 2010, a letter
selting out the additional studies to be considered that have been identilied to date, including the
additional studies suggested in the October 5, 2010 DRC Notice, proposed additional studies
relaling to the New Theory, and other additional studies that DUSA believes may be relevant. At
a November 30, 2010 meecting between DRC Staff and DUSA technical and regulatory staff,
DUSA presented a number of additional studies (herein "Additional Studies") to be performed
by DUSA in order to complete the CIR. The Co-Executive Secretary and DUSA further agreed
that DUSA would prepare a detailed plan and schedule (the "Plan and Schedule") for performing
such studies and for submittal of a revised CIR that meets the requirements of all applicable
regulations on or before February 15, 2011. During the November 30, 2010 meeting, it was
agreed that both the Plan and Schedule and the revised CIR will be subject to Co-Executive
Secretary approval, DUSA’s commitment to prepare and submit the Plan and Schedule is set out
in a Tolling Agreement (the “Tolling Agreement™) dated December 15, 2010 between DUSA
and the Co-Executive Secretary.

DUSA submitted a drafi Work Plan on I'ebruary 14, 2011. During subsequent discussions with
DRC stafl, the Co-Executive Secretary and DUSA agreed that the additional studies could
require as many as five phases, and the schedule should include points of consultation between
phases at which the Co-Executive Secretary and DUSA could evaluate and agree on the
redirection, addition, or elimination of subsequent phases.

The Tolling Agreement was revised on April 28, 2011, to allow time for:

=  DUSA to prepare and submit a Revised Work Plan for Phase 1 (by May 6, 2011)

Nitrate Investigation Revised Phase 1 Work Plan
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* DUSA to prepare and submit a revised Work Plan Revised Phascs 2 through 5 (by June
3,2011), including a Conceptual Site Model of potential nitrate sources,

e The Co-Executive Secretary Lo review and approve the revised Work Plans, including
modifications,

e The Co-execulive Secretary and DUSA to agree on a revised or replacement Consent
Agreement that incorporates the deliverables and timelines in the approved Phase 2
through 5 Work Plan.

This document is the revised Phase 1 Work Plan for Phase lA, B, and C, which is being
submitted in accordance with Revised Tolling Agreement and which contains details for the
execution of Phase 1 as described in Attachment 1 of the Revised Tolling Agreement. The
purposc of this Revised Phase 1 Work Plan is to allow field investigations to begin as carly as the
week of May 16, 2011, if possible, while the Phase 2 through 5 Work Plan and conceptual site
model (CSM) are developed. The Phase 2 through 5 Work Plan will include a schedule for
submission of activities and reporting for the remaining phases, including updates of the CSM, to
be incorporated into a Revised Consent Agrecment,

1.1 Problem Definition

Groundwater from Site monitoring wells has been sampled in a number of wells on site since
1978 and nitrate has been measured as nitrate+nitrite and reported as nitrogen. Nitrate (NO3-)
and nitrite (NO2-) are naturally occurring inorganic ions that are part of the nitrogen cycle.
Because nitrite is casily oxidized to nitrate, nitrate is the compound predominantly found in
groundwater. As menlioned in Section 1, above, nitrate levels in several wells on site have
exceeded the Utah Groundwater standard of 10 mg/L.

With respect to the amount and concentration of nitrate in the plume, the highest nitrate level that
has been detected at the Site is 69 mg/L in monitor well TWN-2 in a sample collected on June 2,
2010. Nitrate levels in that well have declined and the most recently measured value in a sample
of groundwater, taken on February 1, 2011is 43 mg/L. Typical concentrations in the area of the
nitrate plume range from 5 mg/I. to 25 mg/L.,

Chloride is considered Lo be a major element that occurs in almost all groundwater (Hem, 1992)
and occurs as a chloride ion (Cl-). There is no human health standard for chloride in
groundwater. The US Environmental Protection Agency (EPA) Standard for chloride in drinking
water (250 mg/L) is an acsthetic standard related to the salty taste of water with chloride
concentrations in excess of that amount. The recommended EPA criterion for the propagation of
wildlife is 1,500 mg/L..
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With respect to the amount and concentration of chloride in the plume, the highest chloride level
that has been detected at the Site is 1,180 mg/L, in monitor well TW4-24 in a sample collected
on September 10, 2008. Chloride levels in that well have declined and the most recently
measured value in a sample of groundwater, taken on February 17, 2011, is 1,100 mg/L. Typical
concentrations in the area of the nitrate plume range from 100 mg/L to 300 mg/L..

1.1.1 Purpose of the Investigation

Based on discussions culminating in the revised tolling agreement, DRC and DUSA have agreed
to conduct the nitrate investigation in phases. The multi-phased program is designed to evaluate
a number of potential sources of nitrate and chloride that may have contributed to the identified
g!_g__c ms:lgd_gg Mill related sources, and non-Mill sources, mcludmg gogrcg resulting gg

roach will inclu facon ite model

decision junctures to:

1. determine which sources should be removed from further considerati ==

S ist i tifyin ' ibution of the remainin ¢

3. determine whether or not 10 proceed with future phases of the investigation.

The purpose of the Phase | investigation is to determine background concentrations of nitrate
and chloride in the alluvial soil column in undisturbed areas in the vicinity of the Mill, to eeate
eidentify whether a natural nitrate and chloride reservoir exists in the alluvial soil, and to
compare nitrate and chloride concentrations found in soil near potential Mill sources to
background concentrations.

There are several potential sources of nitrate and chloride at the Mill and in the vicinity of the
Mill. Such sources include septic leach fields, municipal sewage plant discharge water used
historically as mill water makeup, livestock activity at the wildlife ponds and the historic pond,
the former flyash pond, laboratory chemical spills, and former military uses of the site._ Another
potential source is a natural nitrate-reservoir—Sueh-coneentrations-or—reserveirs” of nitrate and
chloride as has have-been identified in the sc:lenuf' ic llterature (Walvuord et al., 20{)3 Qcanlorl,
et al.,, 2005 and Dthers) “Hnsg d 3 ao—areh eh
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June 3, 2011. The remainder of this document addresses the field and laboratory tasks for Phase
| only.

The Phase 1 investigation will use direct push technology (Geoprobe) borings to collect sub-
surface alluvial soil in and around the Mill which will be analyzed for the presence of nitrate and
chloride concentrations. The Investigation is divided into three phases, summarized here. Details
of each part of the Phase 1 investigation are provided in Section 1.2, below.

Phase 1 A - Geoprobe investigation in Undisturbed Locations

This phase of the investigation is designed to quantify naturally occurring (i.e. “background™)
nitrate and chloride concentrations in alluvial soil at the Site and to explore for a naturally
occurring nitrate reservoir. Background concentrations will be established advancing Geoprobe
direct push machine (Geoprobe) borings at each of 20 locations spread across the Site (Figure 1),
selected to represent arcas which have not undergone irrigation or other forms of culturally-
induced surface water recharge. This selection process is designed to maximize the opportunity
of finding soil chemistry that reflects only natural cycles of welling and drying from precipitation
and evapotranspiration. The presence of such a nitrate and chloride reservoir would suggest that
these concentrations could be present throughout the White Mesa alluvial soil column and could
be mobilized to groundwater as the result of increased surface water recharge due to irrigation,
surface water impoundment, canal leakage, or other recharge processes. Frequency of borings
and sample collection is discussed in detail in Section 2.

Phase 1B - Geoprobe Investigation of Potential Nitrate Source Locations

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site in locations where past or ongoing activities may have contributed nitrate
and/or chloride to the soil and/or groundwater. The potential nitrate source locations include up
to seven (7) leach fields, as well as other installations such as ammonia tanks, a sewage vault,
and Lawzy Lake, a former pond that may have held contaminated water. The potential source
locations and details of this phase of the investigation are discussed in Section 2.
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Phase 1C - Geoprobe Investigation of Other Potential Nitrate Sources

This phase of the investigation is designed lo quantify nitrate and chloride concentrations in
alluvial soil at the Site at seven additional locations identified by DUSA for comparison to the
background of naturally occurring concentrations established in Phase 1A, At each Geoprobe
location, DUSA may choose to collect three (3) discrete one-foot core samples from the bottom
one-foot of cach ol the following intervals: the [irst 1/3, second 1/3, and third 1/3 depth, based on
the total depth of penetration at each site. DUSA may use the Nitrate Field Test to determine
whether nitrate concentrations are detectable and whether a sample will be sent lo an approved
analytical laboratory for analysis. For any boring where soil core samples will be sent for
laboratory analysis, DUSA will that Lhe standards of representativeness described under Phase
1A are mel. Any such soil laboratory results may then be compared to the site background soil
concentrations. The seven additional locations and details of this phase of the investigation are
described in Section 2.

1.1.2 Site Description and Background

The Site is a uranium mill with a vanadium co-product recavery cireuil, located within the
Colorado Plateau physiographic province approximately 5 miles south of the city of Blanding,
Utah, Mill construction began in 1979, and conventionally mined uranium ore was first
processed in May 1980. Over its 25 year operating history the Mill has processed over 4 million
tons of conventionally mined and alternate feed uranium ores for the recavery of 25 million
pounds of U308 and 34 million pounds of vanadium to date.

Polential on Site sources of nitrate and chloride addressed in the CIR (INTERA. 2009) include:
= the septic leach fields at the site;
* the municipal sewage plant discharge water used historically as Mill water makeup:
# livestock activities at the wildlife ponds;
# livestock activities at the Historic Pond:
e agricultural activities;
# lhe former Fly Ash Pond;
* potential historic spills of ammonia-bearing and/or chloride-bearing process chemicals;
= potential breach in the Mill circuit floor drains or tailings transfer lines; and

» apotential leak in the Mill's tailings cells.

1
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Hydrologic considerations presented in the CIR preclude all but the following as candidate
potential sources:

» the waters from the Frog Pond, the Upper Wildlife Pond, Lawzy Lake and the Lawzy
Sump, including potential livestock activity near the wildlife ponds;

® possible livestock activity near the Historic Pond; and

s possible influences from septic leach fields at the site, in particular the SAG Leach Field
and the Main [.each Field.

The other potential sources on Site are downgradient of the nitrale plume, ruling them out. In
addition, contamination due to spills would appear to be too small and infrequent to give rise to
the identified plumes, and there is no apparent reason to expect a breach in process facilities and
drains that would give rise to the plume. Bused-on-the-ewrrenty-available-progessand-historie
informutiop—ihe-—mov-pluusible souree for-apparently-coineident eiioride und-mitrute—plames
snthd-he wellerinated sewage-based souree-north or-porthwest of e Mk

Site Status

The Mill was in standby status from November 1999 to April 2002, During the standby period,
the Mill received and stockpiled alternate feed materials from the Ashland 1 and Linde formally
utilized sites remedial action program sites, as well as other sources of alternate feed materials.

During the period from April 2002 to May 2003, the Mill processed 266,690 tons of alternale
feed materials. Subsequently the Mill entered standby mode but continued to stockpile alternate
feed materials.

Uranium Mills are licensed to operate cither by the US Nuclear regulatory Commission (“NRC”)
or by state agencies which have received authorization to implement NRC’s licensing program
under the Atomic Energy Act (“Agreement States™). The Mill received its initial source material
license from the U.S. Nuclear Regulatory Commission in 1980. The State of Utah became an
agreement state in 2005, at which time regulatory authority for the Mill passed to the Utah DRC,
The Mill is regulated under Utah Radioactive Materials License UT 1900479. Groundwater
quality is regulated by the Mill’s Utah Groundwater Discharge Permit UGW370004.

The Mill is currently operating, having commenced operations in March 2005, with the
processing of Cameco alternate feed materials. The Mill has since processed natural ores and
alternate feeds. Alternate feeds have been processed both in the main mill circuit and the
alternate feed circuil, constructed in 2009,

1
A
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Physical Setting

The Mill is located near the western edge of the Blanding Basin within the Canyonlands section
of the Colorado Plateau physiographic province. Broad, gencrally horizontal uplilt and
subsequent erosion have produced topography consisting of high plateaus, mesas, buttes,
monuments, and deep canyons incised into the relatively flat-lying Mesozoic and Paleozoic
sedimentary rocks.

Northeast of the Mill site, igneous intrusions forming the core of the Abajo Mountains have
disturbed the classic flat-lying Colorado Plateau stratigraphy, resulling in uncharacteristic local
folding and faulting of sedimentary rocks. The Abajo’s rise to more than 11,000 feet above mean
sed level (msl), and have likely provided a source of sediments to the Mill site (5,600 feet above
msl) during intrusion and disturbance ol older rocks.

Quaternary deposits overlie the sequence of Mesozoic rocks present in the region. The
Cretaccous Mancos Shale and Dakota Sandstone represent the local top of the Mesozoic section
in the region and are underlain by the Lower Cretaceous Burro Canyon Formation. This unit is
underlain in turn by the Jurassic Morrison Formation (includes the Brushy Basin, Westwater
Canyon, Recapture, and Salt Wash Members). Summerville Formation, Entrada Sandstone, and
the Navajo Sandstone. The Navajo is underlain by the Jurassic Kayenta Formation, which in turn
is underlain by Triassic Chinle and Moenkopi Formations, Paleozoic sedimentary rocks underlie
these Mesozoic units.

Cretaceous geologic units that stratigraphically overlie the Burro Canyon Formation regionally
(Mancos Shale and Dakota Sandstone) have been removed by erosion in the vicinity of the Mill,
Thus, the lower Cretaceous Burro Canyon Formation (already present during the Mid-Tertiary
Abajo igneous intrusive event) is directly overlain by Quaternary deposits at the Mill site. The
Quaternary colluvial/alluvial sediments are typically coarse-grained deposits that contain little
water, The Burro Canyon Formation is described as interbedded conglomerate and grayish-green
shale with light-brown sandstone lenses deposited in a fluvial environment (Aubrey, 1989). The
average thickness of the unit is approximately 75 feet (US Department of Energy [DOE], 2004).

The Burro Canyon Formation hosts the uppermost occurrence of groundwater at the site.
Groundwater in this unit is perched (i.e., isolated from groundwater that occurs in geologic units
that underlie the Burro Canyon Formation). Perched water is supported by the relatively
impermeable, underlying, fine-grained Brushy Basin Member of the Morrison Formation. The

permeability of the Burro Canyon Formation is generally low. Some conglomeratic zones may Formatted: Font: 6 pt, Do not check spelling ur]
exist east to northeast of the (ailings cells, potentially explaining a relatively continuous zone of =00 -
higher permeability. The saturated thickness of the perched groundwater zone ranges from l;"n?,:a;m i e b smimor]
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approximately 82 feet in the northeast portion of the site to less than 5 feet in the southwest
portion of the site (DOE, 2004). Groundwater isopleths based on water level data collected in
2010, indicate that flow in the perched zone is generally from northeast to southwest, although in
the eastern portion of the site the gradient has a more southerly component.

Groundwater in the regional Entrada/Navajo aquifer is under artesian pressure (upward flow
gradient) providing a hydrologic barrier to any potential seepage from overlying geologic units,
Perched groundwater within the Burro Canyon Formation is characterized by low yields and is
generally of poor quality. containing moderate to high concentrations of chloride, sulfate, and
total dissolved solids (Hunt, 1996).

1.1.3 Summary of Previous Investigations

Previous investigations with respect to the presence of nitrate in groundwater under the Mill
include a Nitrate and Chloride Source Review Memo (Tischler, 2009). a Nitrate Contamination
Investigation Report (CIR) (INTERA, 2009), Initial Nitrate Monitoring Report (DUSA, 2009),
and quarterly nitrate and chloride reporting to the DRC (DUSA, 2010-2011), and ongoing
investigations into historic land uses, which have not yet been published.

The Nitrate and Chloride Source Review Memo (Tischler, 2009) identifies and discusses
potential nitrate sources at the Mill, including septic leach fields, municipal sewage plant
discharge water used historically as mill water makeup, livestock activities at the wildlife ponds
and the historic pond, the former fly ash pond, potential historic spills ol ammonia-bearing
process chemicals, polential breach in the mill circuit floor drains or tailings transfer lines, mill
laboratories, and a potential leak in the Mill’s tailing cells. The Memo also discusses potential
historical sources and off-site sources. The Memo concludes that the most likely source for
nitrale and chloride comes from upgradient of the current plume in the municipal sewage plant
discharge water used historically as mill water makeup, possible livestock activity near the
historic pond, and possible influences from septic leach fields at the Site, in particular, the SAG
leach field and the Main Leach Field. Since the Publication of the Nitrate and Chloride Source
Review Memo, DUSA"s understanding of historic land uses has continued to be updated through
literature, internet, and other land use studies, discussed below.

Land uses proximal to the Mill include farming, ranching, cattle grazing and feed and grain silos.

A further evaluation of historical land use in the vicinity of the Site will be performed in order to

supplement the source evaluation (the “Source Review Report”) that was included in the CIR.

This further evaluation is currently under way and will (a) identily arcas that have been subject | Formatted: Font: 6 pt, Do not check spelling ar]
to agricultural activities and (b) evaluate land-use practices that may have led to elevated levels g e
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for sampling of buildup of atmospheric nitrogen, since we seek to sample areas that have not
been subject to anthropomorphic activities. This analysis includes evaluation of historical aerial
photography, historical Landsat satellite imagery, and an Internet-based search of historic
military activities in the region,

The Nitrate CIR (INTERA, 2009) also discusses the potential sources identified in the Source
Review Memo. The CIR describes the sampling design and installation of 19 new wells used to
characterize the nitrate and chloride plumes. The CIR characterizes the nitrate and chloride
plumes with the data collected from existing and new monitoring wells at the Mill. The
investigation concludes that the nitrate and chloride appear to originate from the same source,
and that source is upgradient of the Mill property more than 1.2 miles from the Mill facilities and
is not the result of Mill activities and was not caused or conlnbulcd t.o in any manner by Ml”
activilies, ) 5
DRC determined that the 2009 CIR is mcompjg@._gag_mﬂdm_ﬁuﬁm
sole source of the nitrogen contamination to be unsubstantiated with direct and reliable evidence.
Furthermore, the NOTICE stated that DUSA has additionally identified several onsite sources
which have a likeli of being contributors o the contamination and have vet 1o be fully
examined.”

Beginning with the third quarter of 2010, DUSA performed quarterly sampling and analysis of
the new nitrate wells.

1.2 Project Description

This investigation will ulilize direct push technology to bore into the subsurface in areas that are
undisturbed and areas that are potential sources of nitrate and chloride contributing the
groundwater plume at the Mill. The soil borings will be analyzed for the presence of
nitrate+tnitrite and chloride by an analytical laboratory and field screened using Hach Test Kits
for nitrate-+nitrite and QuanTab Test Kits for chloride (test kits will be used in Phase 1A Part 2).
The nitrate investigation will be divided into three phases. Phase [A is divided into two parts.

Fart 1 - Geoprobe Investigation to Determine Background Nitrate, Chloride and Ammonia
Soil Concentrations in Areas Unimpacted by Human Activities (“undisturbed locations"):

I. A Geoprobe boring (Boring #1) will be conducted down to bedrock refusal at cach of
the 20 undisturbed Geoprobe boring locations (per Figure 20 of the February 18, 2011
DUSA Work Plan and Schedule). Per our agreement with DRC in previous meetings,
three (3) samples will be collected from each Geoprobe core location. Soil core
samples will be collected randomly from the first 1/3, second 1/3, and third 1/3
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intervals of the total penetrated depth at each location. Per agreement at previous
meetings, DRC or DUSA may collect additional soil samples at additional intervals.
Each soil core sample will be sent to the analytical laboratory for analysis of nitrate (as
N). chloride, and ammonia nitrogen (as N). Soil analysis will be conducted by an
environmental laboratory currently certified by the State of Utah, using EPA approved
sample and analysis methods. The Nitrate Extraction and Field Test Procedure, as
described in Appendix A of the I'ebruary 18, 2011 DUSA Work Plan (hereafter Nitrate
Field Test) will not be used. Background concentrations for each of the above analytes
will be based on the 95% Upper Confidence Limit (UCL) of the 60 samples collected
and analyzed. Said UCL will be determined using commonly accepted descriptive
statistical methods and will be subject to DRC approval. Afler DRC approval, said site
soil “background” concentration will be used for comparative and determinative
purposes in PHASE 1B of the Geoprobe Investigation of Potential Nitrate Source
Locations described below.

Part 2 - Geoprobe Investigation of a Possible Natural Nitrate Salt Reservoir:

2. A surface soil sample (0 to 0.5 foot below ground surface (bgs) will be collected by
shovel in close vicinity (within 5 horizontal feet) of each of the 20 Geoprobe boring
locations from the Phase 1A, Part 1 work, described above. This surface soil sample
will be analyzed using the Nitrate Field Test, described above, and will be used as a
baseline sample for comparison with laboratory analysis results of the same depth. At
DUSA’s discretion, this surface sample can be collected instead from the duplicate
Geoprobe boring, described below.,

3. A duplicate Geoprobe boring (Boring #2) will installed in close proximity (within 5
horizontal feet) to each of the a) Geoprobe borings (Boring #1) from Phase A, Part 1,
above) and b) the surface soil samples in Phase 1A, Part 2, above. Each of these
duplicate Geoprobe borings (Borings #2) will be driven down to bedrock refusal at each
of the 20 undisturbed locations, mentioned in Phase 1A, Part 1, above. Said soil core
samples will be collected at each Geoprobe location to

a. ensure a minimum core recovery of 95%.
b. provide discrete and individual 1-foot depth samples,

c. be preserved and placed into a sealable plastic bag that is labeled in accordance

with EPA approved field methods, and )lr-ormaund: Fonti 6 pt, Do not check spelling °"l
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d. Each discrete 1-foot soil sample will be thoroughly mixed and homogenized
within the plastic bag before any field or laboratory analysis. Said soil samples
will then be considered representative of the individual 1-foot core interval. Per
agreement at previous meetings, DRC or DUSA may collect additional soil
samples at additional inlervals.
4. Thereafter, an aliquot of each discrete 1-foot soil sample will be taken from the bag and

analyzed using the Nitrate Field Test described in Appendix A of the February 18,2011
DUSA Work Plan and Schedule.

Elevated soil samples, i.e. those found with Nitrate Field Test results that are lwice the
baseline concentration, as determined by ficld analysis of the 0-0.5-foot bgs sample
described above (Phase 1A, Part 2, Item 1) will be sent to the approved analytical
laboratory for nitrate (as N) soil analysis. The Nitrate Field Test results from Boring #2
will be used as a tool by DUSA 1o examine the possibilily of a natural nitrate salt
deposit in vadose zone soils at the White Mesa Mill site using the 1-foot sample
intervals.

Phase 1B — Geoprobe Investigation of Potential Nitrate Source Locations

This investigation is designed to quantify nitrate and chloride concentrations in alluvial soil at
the Site in locations where potential Mill-related nitrate and/or chioride sources could have
contributed to groundwater. The 24 potential sources that have been identified to date are
displayed on Figure 2 and listed below.

1

£

o2 oN o wm o

Main leach ficld (also known as Leach Field east of Scalehouse, 1985 to present) (High
Priority)

Sewage vault/lift station (Low Priority)

Scale house leach feld, (also known as Leach Field south of Scalehouse, 1977-1979)
(High Priority)

Former office leach field (High Priority)

Ammonia tanks (Low Priority)

SAG leach field (Leach Field north of mill building, 1998 to 2009) (High Priority)
Cell 1 leach field (L.cach Field east of Cell #1, up to 1985) (Low Priority)

Fly ash pond (Low Priority)

Chlorine Tanks (never contained ammonium chlorate)
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10. Ammonium sulfate crystal tanks (Low Priority)

11.  Lawzy sump (High Priority)

12. Lawzy Lake (High Priority)

13.  Former vaulV/lift station (to Former Office Leach Field) (1992 to 2009) (Low Priority)
14. Truck shop leach field (1979-1985) (Low Priority)

15. New Counter Current Decant/Solvent Extraction (CCD/SX) leach field (Low Priority)
16. Historical Pond (High Priority)

17.  Wildlife Pond (High Priority)

18. CCD (Inaccessible)

19.  YC Precip Mini Lab (Inaccessible)

20, V205 Mini Lab & V205 Precip (Inaccessible)

21, SX Mini Lab (Inaccessible)

22, Chem Lab (Inaccessible)

23. Met Lab (Inaccessible)

24. V205 Oxidation Tanks (Inaccessible)

These potential sources will be investigated as [ollows:

Sources 1-8 and 10-17 listed above will be sampled in Phase 1B. Multiple Geoprobe borings will
be driven down to bedrock refusal at 16 of the potential on-site Nitrate Sources, shown on the
BUSA-handout-provided-in-the-April-20,20H-meetingTable 1. Ofthese 16 potential sources, 8
are considered by DUSA as High Priority Locations and will be investigated with four (4)
Geoprobe borings at each source in a north-cast-west-south relative orientation. For the
remaining 8 potential sources, DUSA considers them to be Low Priority Locations and will each
receive (2) Geoprobe borings. The location of these borings will be based on best professional
judgment, considering the most likely water / waste / wastewater discharge direction.

Source number 9 and numbers 18-24 listed above are inaccessible due to pavement or other
construction above the snurc&, and w1ll not bc sample.d SFhe-rmm—leeeh—ﬁe}dﬂmd—ﬂae-new-QGBZ

; : : $ -erments-and mey Drilling in
hc main leach fi cld gng the new CCD!SX leach I' cld may require dnlhnn crews with current

vaccinations and training for potential expostire to biological pathogens. -Denison plans 1o use a

Nitrate Investigation Revised Phase 1 Work Plan

U
!

'I "[

J
fa
‘"

White Mesa Mill Site 13 May 6, 2011 |

"
I

Formatted: Font: 6 pt, Do not check spelling or
grammar

Formatted: Font: 6 pt, Do not check spelling or
grammar

)




these areas will be sampled in a—}mer—Phasethe latter part of the a-&mie—mwa&gﬂa-eﬁ?hasc | field
program, during the week of June 15 or later.

Phase 1C - Geoprobe Investigation of Other Potential Nitrate Sources: This phase of the
investigation will quantify nitrate and chloride concentrations in alluvial soil at seven additional
locations identified by DUSA for the comparison to the background of naturally occurring
concentrations established in Phase 1A. These locations, identified in Figure 3, are soil sample
locations associated with groundwater wells which have had historically elevated levels of nitrate
contamination, but which are not associated with potential Mill site sources.

Soil collected from borings will be field screened for nitrate and chloride, and containerized for
shipment to the analytical laboratory for analysis.

1.21 Project Objectives
The purpose of this nitrate investigation is to quantify nitrate and chloride in the alluvial soil

column in sclected locations at the Site with the following goals:

1. To establish background concentrations of nitrate and chloride in the alluvial soil in the
vicinity of the Mill

2. The data generated by this investigation will be used to test the *new theory”
hypothesis that the nitrale contamination source is or could be caused by naturally
occurring nitrate and chloride salt deposits located in the vadose zone near or beneath
the Mill site area, which have been mobilized by natural and/or artificial recharge
(Walvoord, et al., 2003, Scanlon, et al., 2005 and others).

3.  The data will be used to test hypotheses regarding to what extent Mill-related sources
contributed, il at all, to the groundwater nitrate plume,

4.  The data will be used lo test hypotheses regarding lo whal extent present or historic
non-Mill-related sources contributed, if at all, to the groundwater nitrate plume.

The nitrate investigation has been divided into three phases, Geoprobe Investigation in
Undisturbed Locations, Geoprobe Invesligation of Potential Nitrate Source Localions, and
Geoprobe Investigation of Other Potential Nitrate Sources. These phases are described in detail
in Section 2.0.

i

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 14 May 6, 2011

emmmmmuﬁmmww_ e e G 351 31 35 G M0

Bk, Baand &

{

Formatted: Font: 6 pt, Do not check spelling or
grammar

]

Formatted: Font: & pt, Do not check spelling or
grammar

]




1.2.2 Project Measurements

Project measurements will include laboratory analysis of soil chemisiry, field analysis ol soil
chemistry, and Unified Soil Classification System (USCS) soil type classification made at the
time of collection by visual-manual inspection as described in the Standard Practice for
Description and Identification of Seils (Visual-Manual Procedure) ASTM D 2488 - 09a (ASTM,
2009; Appendix A). Note that the classifications presented in ASTM D 2488 — 09a are identical
to the USCS classifications presented in the Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System) ASTM D 2487 — 10 (ASTM, 2010),
but derived from field observations rather than laboratory analysis. All soil samples will be
submitted to the analytical laboratory (or Synthetic Precipitation Leaching Procedure (“SPLP™)
using EPA Method 1312 (Appendix B). Method 1312 will produce a leachate of all soil samples
which will be analyzed for nitrate , chloride sulfate and nitrogen as ammonia using EPA Method
353.2 ,EPA method 300.0, and EPA method 350.1 (equivalent to 350.2) respectively. Field
nitrate methods include Hach Nitrate and Nitrite Field Strips and QuanTab Chloride Test Strips.

1.3 Quality Objectives

Specific quality objectives have been established for each of the data assessment parameters
identified. These objectives are expressed as quantitative and qualitative statements concerning
the type of data needed to support a decision, based on a specified level of uncertainty, The
criteria (predetermined acceptance limits) are expressed as numerical values for laboratory
analyses and field tests identified. Further discussion of each parameter and rationale [or its use
is presented below.

1.3.1 Precision
Precision is defined as the measure of variability that exists between individual sample
measurements of the same property under identical conditions. Precision is measured through the
analysis of samples containing identical concentrations of the parameters of concern. For
duplicate measuremenls, precision is expressed as the relative percent difference (“RPD”) of a
data pair and will be calculated by the following equation:

RPD = [(A-BY/{(A+B) /2}] x 100

Where A (original) and B (duplicate) are the reported concentration for field duplicate samples
analyses (or, in the case of analyses performed by the Analytical Laboratory, the percent
recoveries [or matrix spike and matrix spike duplicate samples) (EPA SW-846, Chapter I,
Section 5.0, page 28).
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1.3.2 Accuracy
Accuracy is defined as a measure of bias in a system or as the degree ol agreement between a
measured value and a known value. The accuracy of laboratory analyses is evaluated based on
analyzing standards of known concentration both before and during analysis. Accuracy will be
evaluated by the following equation (EPA SW-846, Chapter 1, Section 5.0, page 24):

% Recovery = (| A-B | /C) x 100

Where:
A = the concentration of analyte in a sample
B = the concentration of analyte in an unspiked sample
C = the concentration of spike added

1.3.3 Representativeness
Representativeness is defined as the degree to which a set of data accurately represents the
characteristics of a population, parameter, conditions at a sampling point, or an environmental
condition. Representaliveness is controlled by performing all sampling in compliance with this
Plan.

1.3.4 Completeness
Completeness refers to the amount of valid data obtained from a measurement system in
reference to the amount that could be obtained under ideal conditions. Laboratory completeness
is a measure of the number of samples submitted for analysis compared to the number of
analyses found acceptable after review of the analytical data. Completeness will be calculated by
the following equation:

Completeness = (Number of valid dala points/total number of measurements) x 100

Where the number of valid data points is the total number of valid analytical measurements
based on the precision, accuracy, and holding time evaluation. Completeness is determined at the
conclusion of the data validation.

1.3.5 Comparability
Comparability expresses the conflidence with which one data set can be compared with another.
Comparability of data will be achieved by consistently following standard field and laboratory
procedures and by using standard measurement units in reporting analytical data.
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1.3.6 Detection and Quantitation Limits
The method detection limit (MDL) is the minimum concentration of an analyte that can be
reliably distinguished from background for a specific analytical method. The quantitation limit
represents the lowest concentration of an analyte that can be accurately and reproducibly
quantified in a sample matrix. Project-required reporting limits are minimum quantitation limits
for specific analytical methods and sample matrices thal are typically several times the MDL to
allow for matrix effects.

1.4 Project Organization

Functional Groups

This Plan specifies roles for a Quality Assurance (QA) Manager as well as representatives ol
three different functional groups: the data users; the data generators, and the data
reviewers/approvers. The roles and responsibilities of these representatives are described below.

Overall Responsibility for the QA/QC Program

The overall responsibility for ensuring that the Quality Assurance/Quality Control (QA/QC)
measures are properly employed is the responsibility of the QA Manager. The QA Manager is
typically not directly involved in the data generation (i.e., sampling or analysis) activities. The
QA Manager a gualified person designated by Denison Mines (USA) Corp. (“DUSA™) corporate
management,

Data Requestors/Users

The generation of data that meets the objectives of this Plan is necessary for management to
make informed decisions to quantify nitrate and chloride in the alluvial soil column in selected
locations at the Site with the goal that the data generated by this investigation will be used to test
&%&HM&—MHMWMMW
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regarding potential sources for nitrate and chloride contamination, which includes naturally-
occurring_sources. Accordingly, the data requesters/users (the “Data Users™) are therefore
DUSA’s corporate management and regulatory authorities. The data quality objectives
(“DQOs™) required for any sampling event, such as acceptable minimum detection limits, are

specified in this Plan.
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The individuals who carry out the sampling and analysis activities at the request of the Data
Users are the data generators. This involves sample collection, record keeping and QA/QC
activities conducted by one or more sampling and quality control/data monitors (each a
“Sampling and QC Monitor”). The Sampling and QC Monitors perform all field sampling
activities, collect all field QC samples and perform all data recording and chain of custody
activities in accordance with this Plan. Data generation at the contract analytical laboratory (the
“Analytical Laboratory”) utilized by the Mill to analyze the environmental samples is performed

by or under an employee or agent (the “Analysis Monitor”) of the Analytical Laboratory, in
accordance with specific requirements of the Analytical Laboratory’s own QA/QC program.

The responsibilities of the data generators are as follows:

Sampling and QC Monitors
The Sampling and QC Monitors are responsible for [ield activities. These include:

a. Ensuring that samples are collected, preserved, and transported as specified in Plan;

b. Checking that all sample documentation (labels, field data worksheets, chain-of-custody
records, packing lists) is correct and transmitting that information, along with the
samples, Lo the Analytical Laboratory in accordance with this Plan;

c. Maintaining records of all samples, tracking those samples through subsequent
processing and analysis, and, ultimately, where applicable, appropriately disposing of
those samples at the conclusion of the program;

d. Preparing quality control samples for field sample collection during the sampling event;

e. Preparing QC and sample data for review by the QA Manager; and

£ Preparing QC and sample data for reporting and entry into a computer data base, where
appropriate.
£ INTERA's field manager. Rob Sengebush. will serve as Sampling and OC Monitor for<

2 { Formatted: No bullets or numbering

Phase 1.

Analysis Monitor

The Analysis Monitor is responsible for QA/QC activities at the Analylical Laboratory, These
include:

a. Training and qualilying personnel in specified Analytical Laboratory QC and analytical
pracedures, prior to receiving samples;
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b. Receiving samples from the lield and verifying that incoming samples correspond to the
packing list or chain-of-custody sheet; and

c. Verifying that Analytical Laboratory QC and analytical procedures are being followed as
specified in this Plan, by the Analytical Laboratory’s QA/QC program, and in accordance
with the requirements for maintaining National Environmental Laboratory Accreditation
Program (*NELAP”) and/or National Voluntary Laboratory Accreditation Program
(“NAVLAP?) certification.

Data Reviewers/Approvers
The QA Manager has broad authority o approve or disapprove project plans, specific analyses
and final reports. In general, the QA Manager is responsible for reviewing and advising on all
aspects of QA/QC, including:
8. Lnsuring that the data produced by the data generators meet the specifications set out in
this Plan;

b. Making on-site evaluations and submitting audit samples to assist in reviewing QA/QC
procedures;

c. Determining (with the Sampling and QC Monitor and Analysis Monitor) appropriate
sampling equipment and sample containers, in accordance with this Plan, to minimize
contamination: and

d. Supervising all QA/QC measures to assure proper adherence Lo this Plan and determining
correclive measures (o be taken when deviations from this Plan occur,

The QA Manager may delegate certain of these responsibilities to one or more Sampling and QC
Monitors or to other qualified personnel.

1.5 Special Training and Certification

All soil logging and soil descriptions will be overseen or conducted by a State of Utah Certified
Professional Geologist (PG), using the ASTM Standard Practice for Description and
Identification of Soils using the visual-manual procedure (Appendix A).

Site-specific training for all field personnel will be completed as required by Mill procedures and
will be conducted by Mill personnel,
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1.6 Documents and Records

)

1.6.1 Field Documentation

Field documentation will consist of, but not be limited to, detailed field note books, chain ol
custody forms, and digital photographs. In addition, the locations of Geoprobe borings and other
field activities will be recorded using a hand held global positioning system (GPS) instrument.
Soil logging and details from the boring such as sampling intervals and sample location will be
recorded on a field boring log. Information from the field boring log will be used to create a final
boring log. Both of these forms are included in Appendix €. Completed forms will be included
in_the report.bering-log-tAppendin-€3-DRC requested the use of a boring log that malched
WMMW-16. The log that will be used is located in Appendix C and contains the same relevant
information fields. The bore log form does not include gamma or neutron logging fields, or well
completion fields, since those elements are not part of this investigation.

1.6.2 Reports Generated
Upon completion of the field work and laboratory analysis, a Report describing the resulls and
results of the quality assurance/quality control checks will be generated and submitted to the
DRC.

2.0 DATA GENERATION AND ACQUISITION

2.1 Sampling Design

As described in Section 1.1, the purpose of the nitrate investigation is to quantify nitrate and
chloride in the alluvial soil column in selected locations at the Site with two goals:

1. The data generated by this investigation will be used to test the “new theory™ hypothesis
that the nitrate contamination source is or could be caused by naturally occurring nitrate
and chloride salt deposits located in the vadose zone near or beneath the Mill site area,
which have been mobilized by natural and/or artificial recharge (Walvoord, et al., 2003,
Scanlon, et al., 2005 and others).

2. The data will be used to test hypotheses regarding to what extent Mill-related sources
contributed, if at all, to the groundwater nitrate plume.

3. The data will be used to test hypotheses regarding to what extent present or historic non-
Mill-related sources contributed, if at all, to the groundwater nitrate plume.

The nitrate investigation has been divided into three phases:
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1A. Geoprobe Investigation in Undisturbed Locations

This phase of the investigation is designed to quantify naturally occurring (i.e. “background™)
nitrate and chloride concentrations in alluvial seil at the Site and explore for a naturally
occurring nitrate reservoir, Background concentrations will be established advancing Geoprobe
direct push machine (Geoprobe) borings at cach of 20 locations spread across the Site, selected
to represent arcas which have not undergone irrigation or other forms of culturally-induced
surface water recharge. These locations are based on interpretation ol aerial photographic
imagery, and are presented in Figure 1. Actual locations will be selected in the field by the field
team leader in consultation with DUSA management and field personnel. This selection process
is designed to maximize the opportunity of finding soil chemistry that reflects only natural cycles
of wetting and drying from precipitation and evapotranspiration. The presence of such a nitrate
and chloride reservoir would suggest that these concentrations could be present throughout the
White Mesa alluvial soil column and could be mobilized to groundwater as the result of
increased surface water recharge due to irrigation, surface water impoundment, canal leakage, or
other recharge processes. Geoprobe locations and sample locations are summarized in Table 1.
As was explained at previous meetings with DUSA and the DRC, there is no requirement for a
statistically based sample location selection of Geoprobe locations, They were chosen based on
availability of undisturbed sites as identified by historical aerial imagery.

Part 1 - Geoprobe Investigation to Determine Background Nitrate, Chloride and Ammonia
Soil Concentrations in Areas Unimpacted by Human Activities (“'undisturbed locations"):

I. A Geoprobe boring (Boring #1) will be conducted down to bedrock refusal at each of the
20 undisturbed Geoprobe boring locations (per Figure 20 of the February 18, 2011 DUSA
Work Plan and Schedule). Three (3) samples will be collected [rom each Geoprobe core
location. Soil core samples will be collected randomly from the first 1/3, second 1/3, and
third 1/3 intervals of the total penetrated depth at each location. Fach soil core sample
will be sent to the analytical laboratory for analysis of nitrate (as N), chloride, and
ammonia nilrogen (as N). Soil analysis will be conducted by an environmental
laboratory currently certified by the State of Utah, using EPA approved sample and
analysis methods. Fhe-DlitrateFiraction—eandFieldTetProcedure—as—deseribed—in
weib-not-be-used—Le sening for nitrate dnitrite with [Hach Test Kits and
Quan'Tab Test Kits will not be performed. Background concentrations for each of the
above analytes will be based on the 95% UCL of the 60 samples collected and analyzed.
Said UCL will be determined using commonly accepted descriptive statistical methods
and will be subject to DRC approval. After DRC approval, said site soil *background”
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concentration will be used for comparative and determinative purposes in PHASE IB of
the Geoprobe Investigation of Potential Nitrate Source Locations described below.

Part 2 - Geoprobe Investigation of a Passible Natural Nitrate Salt Reservoir:

1. A surface soil sample (0 to 0.5 foot bgs will be collected by shovel in close vicinity
(within 5 horizontal feet) of each of the 20 Geoprobe boring locations from the Phase 1A,
Part 1 work, described above, This surface soil sample will be analyzed using the
Nitrate-Field Jestnitrate+nitrite Hach Test Kit and chloride QuanTab Test Kit, described
above, and will be used as a baseline sample for comparison with laboratory analysis
results of the same depth. At DUSA’s discretion, this surface sample can be collected
instead from the duplicate Geoprobe boring, described below.

2. A duplicate Geoprobe boring (Boring #2) will installed in close proximity (within 5
horizontal feet) to each of the a) Geoprobe borings (Boring #1) from Phase 1A, Part 1,
above) and b) the surface soil samples in Phase 1A, Part 2, above. Each of these
duplicate Geoprobe borings (Borings #2) will be driven down to bedrock refusal at each
of the 20 undisturbed locations, mentioned in Phase 1A, Part |, above. Said soil core
samples will be collected at each Geoprobe location to

a. ensure a minimum core recovery of 95%: aAny sample volume required for
isotopic analyses will be collected in subsequent phases.:

b. provide discrete and individual 1-foot depth samples,

¢. be preserved and placed into a sealable plastic bag that is labeled in accordance
with EPA approved field methods, and

d. Lach intervals sample will be thoroughly mixed and homogenized within the
plastic bag before any field or laboratory analysis. Said soil samples will then be
considered representative of the individual 1-foot core interval. Per agreement at
previous meetings, DRC or DUSA may collect additional soil samples at
additional intervals.

Thereafier, an aliquot of each discrete 1-foot soil sample will be taken from the bag and
analyzed using the NitrateField—Fest-nitratetnitrite Hach Test Kit and chloride

l QuanTab Test Kil described in Appendix A of the February 18,2011 DUSA Work Plan
and Schedule.

Elevated soil samples, i.e. those found with nitratetnitrite Hach Test Kit and/or
chloride QuanTab Test Kit MNiwate—Field—Fest—results that are twice the baseline
concentration, as determined by field analysis of the 0-0.5-fool bgs sample described
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above (Phase 1A, Part 2, [tem 1) will be sent to the approved analytical laboratory for
nitrate (as N) soil analysis. The nitratetnitrite Hach Test Kit and chloride QuanTab
Test Kit NitrateField"Fest-results from Boring #2 will be used as a tool by DUSA to
examine the possibility of a natural nitrate salt deposit in vadose zone soils at the White
Mesa Mill site using the 1-foot sample intervals.

All of the locations and samples will be documented as described above. If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation. All borings will be plugged with a mixture of

bentonite and cement grout prier-to-abandenment.

Each laboratory result will be compared 1o the statisti deriy

concentration, and, if a natural nitrate reservoir is detected, concentrations of nitrate/chlaride in
sidual pore fluid ch one foot ingrement of re hole will be integrated to determine
¢ lotal mass of nitrate/chloride if multiplied by the area of the wildlife pond or the hislorical

pond is sufficient to have contributed signifi nitroge 'or chlori
rin whole. groundwater concentrations found in near wells.

1B. Geoprobe Investigation of Potential Nitrate Source Locations

This phase of the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site in locations where past or ongoing activities may have contributed nitrate
and/or chloride to the soil and/or groundwater. .

The potential Mill sources, including leach field locations and dates of operation listed below are
provided by DUSA management and are shown on Figure 2:
Potential Nitrate Source Locations:
1. Main leach field (also known as Leach Field east of Scalchouse, 1985 to present)
Sewage vault/lift station (currently active)

Scale house leach field, (also known as Leach Field south of Scalehouse, 1977-1979)

Ammonia tanks
SAG leach field (Leach I'ield north of mill building, 1998 to 2009)

2
3
4. Former office leach field
5
6
7. Cell | leach field (Leach Field east of Cell #1, up to 1985)

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 23 May 86, 2011

]

- [ Formatted: Report Text

.
)
f
v
el
)

Y

Yy
ly

{

Formatted: Font: 6 pt, Do not check spelling or
grammar

{

Formatted: Font: 6 pt, Do not check spelling or
grammar




————

el

———

8. Fly ash pond

9.  Sodium Chlorate Tanks (as a potential chloride source)

10. Ammonium sulfate crystal tanks

11. Lawzy sump

12. Lawzy Lake

13. Former vault/lift station (to Former Office Leach Field) (1992 to 2009)
14. Truck shop leach field (1979-1985)

15. New Counter Current Decant/Solvent Extraction (CCD/SX) leach field (currently
active)

16. Historical Pond
17.  Wildlife Pond
18. CCD
19.  YC Precip Mini Lab
20. V205 Mini Lab & V205 Precip
21. SX Mini Lab
22. Chem Lab
23. Met Lab
24. V205 Oxidation Tanks
Note that locations 1, 2, and 15 are known to be in use at present. Drilling in the main leach field

and the new CCD/SX leach field may require drilling crews with current vaccinations and
ining for potential exposure to biological pathogens. nison plans to use & s e drillin

contractor that specializes in working in aclive seplic/sewage areas. Therefore. these areas will

be sampled in the latter part of the Phase 1 field program. during the week of June 15 or later.

The investigation of these potential sources is contingent on access with the Geoprobe rig and
subject to approval by DUSA management, based primarily on field team health and safety
considerations. The subsurface configuration or design of the leach fields, including the potential
for underground piping, is not known. Any excavation or borings in these leach ficlds will
require prior identification of underground structures, such as piping, septic tanks, or vaults,

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 24 May 6, 2011

Formatted: Font: & pt, Do not check spelling or
| grammar

' | Formatted: Font: 6 pt, Do not check spelling or
grammar

yo!
{
]

)

1]



using techniques such as air knife or equivalent “daylighting” methods. Design drawings and
records will be reviewed prior to work and the borings will only be attempted with the full
approval of DUSA management. A total of 48 Geoprobe borings will be advanced to bedrock
refusal at 16 potential nitrate source locations on Site (Figure 2). Of these 16 potential source
locations, ecight are considered by DUSA as High Priority Locations and will be investigated
with four Geoprobe borings in a north-east-west-south relative orientation bounding each
location. DUSA considers the remaining eight potential source locations to be Low Priority
Locations, each of which will be investigated with two Geoprobe borings. The location of these
borings will be based on best professional judgment, considering the most likely
water/waste/wastewater discharge direction.

For all of Phase 1B locations, three (3) core samples from each boring will be collected within
from the bottom one-fool of each of the following intervals, based on the total depth of
penetration at each site: first 1/3, second 1/3, and third 1/3. At a minimum, all 144 samples (threc
discrete depths sampled in each of the 32 High Priority Location borings and 16 Low Priority
Location borings advanced in Phase 1B) shall be sent to an approved analytical laboratory for
soil analysis. Each laboratory result will be compared to the aiatistically derived site background

concentration;-._II'a concentration is detected by the laboratory in any interval. concentrations of

nitrate/chlaride in _residu Muid fi each led interval of that ¢ _hole will be
av d to determine if the lotal mass of nitrate/chloride multipli g Lhal could be
tributing nitrate is sufficie e have contributed significant

nitrogen and/or chloride mass to cause, in part or in whole, groundwater concentrations found in
nearby DUSA wells,

Soil core samples collected [rom each location will meet the standards of representativeness
described for Phase 1A.

The Co-Executive Secretary reserves the right to collect soil samples for laboratory analysis, at
DRC cost, from any one-foot core interval, of any boring.

Geoprobe investigation in the area of active leach fields may be conducted in a separate
campaign, with a different field crew if determined necessary by DUSA in order to address
polenlial health and safety issues. Drilling in the main leach field and the new CCD/SX leach

may require drilling crews with current

inat n ing for polential exposure
niractor that i

MLMBM&Q%MEMMAMM&WI"WMNGG in the latier part of
the Phase 1 field program. during the week of June 15 or later.

Nitrate Investigation Revised Phase 1 Work Plan
White Mesa Mill Site 25 May 8, 2011

Formatted: Font: 6 pt, Do not check spelling or

4
/| grammar

Formatted: Font: 6 pt, Do not check spelling or

i ,'| grammar




All of the locations and samples will be documented as described above. If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation. All borings will be plugged with a mixture of
bentonite and cement grout prior to abandonment.

1C. Geoprobe Investigation of Other Potential Nitrate Sources

This phase ot the investigation is designed to quantify nitrate and chloride concentrations in
alluvial soil at the Site at seven additional locations identified by DUSA (Figure 3) for
comparison to the background of naturally occurring concentrations established in Phase 1A. At
each Geoprobe location, DUSA may choose to collect three (3) discrete one-foot core samples
from the boltom one-foot of each of the following intervals: the first 1/3, second 1/3, and third
1/3 depth, based on the total depth of penetration at each site. DUSA may use the nitratetnitrite
Hach Test Kit Nitrate-Field-Test-to determine whether nitrate concentrations are detectable and if
they are a sample will be sent to an approved analytical laboratory for analysis. For any boring
where soil core samples will be sent [or laboratory analysis, DUSA will ensure that the standards
ol representativeness described under Phase 1A are met. Any such soil laboratory results may
then be compared 1o the site background soil concentrations.

If & concentration is d by the laboratory in any interval, conce s itrate/chlori

i idual pore fluid from each sampled intery re hole wil averaged Lo ine
il the 1otal ss of ni i ultiplied by the at d sontributing nitrate i
sufficient tohave contributed significant nitrogen and/or chloride mass lo cause, in part or in

whole, groundwaler concentrations found in nearby DUSA wells.

All of the locations and samples will be documented as described above. If it is determined
through discussions with DRC that isotope analyses should be performed on one or more
samples from any boring location, the documentation of locations will be used to resample in the
same location in a later phase of the investigation. All borings will be plugged with a mixture of
bentonite and cement grout prior to abandonment.

2.2 Field Activities and Sampling Methods

Geoprobe investigations will comply with the Standard Guide for Direct Push Soil Sampling for
Environmental Site Characterizations ASTM D 6282-98 (Reapproved 2005) (ASTM, 2005). A
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copy of this guidance is included as Appendix D. Borings will be advanced with a track-mounted
Geoprobe rig. The Phase 1 program plans on using a Geoprobe 6620DT direct push machine, or
equivalent, using the DT22 Soil Sampling System, or equivalenl. The Geoprobe advances a
sampler by impacts from a hammer that delivers 35,000 Ib of down force and is capable of a
retraction force of 47,000 Ib. If available, the Phase | program will use a dual-tube system that
allows continuous 1.125-inch diameter cores to be recovered using five-foot sample barrels.

Dual-tube systems consist of an outer casing and an inner sampler that are advanced
simultaneously into the soil, The sampler is removed from the borehole and a new sampler
inserted for each five-fool increment of depth. Sample barrels are designed to create a minimum
of sample disturbance while gathering high quality specimens.

The proposed system uses 2.25 in. (57 mm) OD probe rods as an outer casing and light-weight
center rods for the inner rod string. A cutting shoe is threaded into the leading end of the rod
string. When driven into the subsurface, the cutling shoe shears a 1.125 in. (29 mm) OD soil core
which is collected inside the casing in a clear PVC liner. The light-weight center rods hold the
liner in place while collecting the soil core, and also provide a means of retrieving the liner once
the sample is collected. The 2.25 in. probe rods provided 4 cased hole through which to sample.
The main advantage of sampling through a cased hole is that there is no side slough to contend
with. In addition, the outer casing effectively seals the probe hole when sampling through
perched water tables. These faclors mean that sample cross contamination is climinated,

Geoprobe boring locations for Phases 1A — 1C are shown on Figures 1 — 3, respectively.
Locations are approximate and may be changed on judgment of the field team leader in
consultation with DUSA personnel. The actual *“as built” latitude and longitude of each boring
will be measured in the field with a Garmin eTrex GPS instrument using the WGS 84 standard or
equivalent. The GPS Wide Area Augmentation System used by the Garmin elrex provides
horizontal accuracy of =3 meters.

Geoprobe boring locations will be named following the convention GP-11X#, where GP stands
for Geoprobe, T+ is the two-digit number of the location (01, 02...18, 19, 20), X designates the
phase of the investigation and # indicates Boring #1 or Boring #2, if applicable. For example,
Geoprobe Boring #1 at location 01 in Phase 1A would be named GP-01A1; by contrast, the
single boring advanced at location 07 in Phase 1C would be named GP-07C. Note that in this
convention, no information is conveyed about the identity or compass orientation of potential
nitrate sources in Phase 1B, This information will be noted in the [ield hook by the field team
leader.

A
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The naming convention for Geoprobe boring samples is described in Section 2.3.1.

The Geoprobe boring samples will be collected using the following procedure:

1.

Set up the Geoprobe in the pre-selected location using a map and GPS, Create a labeled
GPS waypoint for the “as built” location. This will be Boring #1.

Concurrent with the setup ol the Geoprobe at each location, collect a manual soil
sample from 0 — 0.5 feet bgs and test for nitrate and chloride according to the field test
procedures described below, The total sample volume should fill a one quart sealable
plastic bag. This is the “baekegreund™or “bascline” sample for this location. This
sample will be designated as GP-11-Bi&B1.,

Advance the Geoprobe sampler to refusal to determine subsurface soil conditions and
the depth to the top of bedrock (Dakota Formation or Burro Canyon Formation).

Remove the sample barrel after each five-loot flight is advanced to obtain a continuous
soil core from surface to total depth in one Geoprobe boring. Note that at least 95% of
the soil in every core must be recovered. [f this condition is not met, the Geoprobe will
be relocated a short distance away and the procedure started over at Step 1.

Measure and mark depth in one-foot increments on the boring core sleeve. This is
adequate sampling interval resolution to identify elevated nitrate or chloride
concentrations on the order of six feet thick (Scanlon, 2005).

Open the sleeve to observe and describe the alluvial texture and/or lithology, taking
photographs where appropriate, Describe or log the soil texture based on the USCS.
Observations will be recorded on soil boring log forms (Appendix C). This task shall be
performed by a Utah Licensed Professional Geologist.

Place the soil from each one-foot increment into a sealable plastic bag. Mix the soil
thoroughly in the plastic bag by gently inverting the bag several times, The purpose of
this procedure is to thoroughly blend the seil so that a sample aliquot from the bag will
be representative of the entire one-foot interval. Seal the plastic bag, label and store for
additional analysis in the event the interval contains elevated nitrate and/or chloride. If
multiple soil lithologies are visible in a single one-fool core, the depth and USCS
classification of all lithologies present will be noted per Step 6 above. However, by
design, all one-foot cores will be homogenized, regardless of lithologic observations.
This practice is intended to limit any bias or subjective judgment by field personnel. By
the Nyquist Theorem, homogenization of samples at one-loot inlervals allows vertical
concentration variations at a scale of twice the sampling interval, or two feet.

Nitrate Investigation Revised Phase 1 Work Plan

m L AL (] [ 1 | =TT G0N
- iy el = =w) [ W e T Ny s g

White Mesa Mill Site 28 May 6, 2011 :

Formatted: Font: 6 pt, Do not check spelling or

" grammar

|

Formatted: Font: 6 pt, Do not check spelling or
grammar

J




8.  If the Nitrate-ldeldTFest-screening with the nitrate+nitrite Hach Test Kit and chloride
QuanTab Test Kil is required (see Section 2.1), perform Steps 8a — 8c:

a. Select a sample aliquot from the bag and test for nitrate using the nitrate field test
kit test strips, as described in Section 2.,5.1. Note that soil borings may be
advanced by the Geoprobe at a rate that will not allow the MitratetieldTestficld
screening to be run simultaneously. As field operations do not depend on the
results of the-nitrate+nitrite Hach Test Kit and chloride QuanTab Test Kit Nitrate
Field-Test, Steps 8 — 10 may be performed in a controlled setting on the Mill Site
or elsewhere.

b. Record the test results in the field notebook.

c. If any of the soil column analyses indicate the presence of elevated nitrate, select
the balance of that interval sample and place in a labeled laboratory approved
container for delivery to the analytical laboratory (per Section 2.3.5) for analysis
of nitrate, chloride, sulfate and ammonia by the methods described in Section
2.5.2. “Elevated” concentrations are defined as those one-foot intervals with
nitrate concentrations at least twice the average baekground—Dbaseline
concentration, based on field analysis of a sample from () — 0.5 feet bgs or as
determined by field judgment.

9.  If laboratory analytical samples are required (see Section 2.1), perform Steps 9a - 9c.

a. Identify the interval Lo be sampled. For samples collected from the basal one-foot
interval of the first 1/3 (d,), second 1/3 (d5), and third 1/3 (d:) in a boring of total
depth 7D, the intervals are given below, expressed in feet bgs. Note that it is
essential to include soil at the interface between alluvial soils and bedrock.

d, = ‘:mund[g] -1 &,round[gﬂ
3 3
d, = [rou EP‘_) — Iﬂ,round(ﬁﬂ
3 3
d, = [round(TD) -1, TD]

b. Place the soil [rom each one-foot increment into a sealable plastic bag and label.
Mix the soil thoroughly in the plastic bag by gently inverting the bag several
times. Once the sample is homogenized, place an aliquot of soil in a labeled
laboratory approved container for delivery (o the analytical laboratory (per
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Section 2.3.5) for analysis of nitrate, chloride, sulfate and ammonia by the
methods described in Section 2.5.2.

10, Eguipment decontamination will be implemented for all non-disposable equipment that

:omes in contact wi il befi ving direct push equipment o a new location or
collecti new sample. Commercial thi dejonized w: will be d for
decontamination. Equipmen nks wil collected at the frequency speci
Table 1 after the completion of decontamination of field equipment.

40:11. _ Fill the boring with cement/bentonite grout.

H-12,  Move to the next location.
2.3 Sample Handling and Custody

2.3.1 Sample Identification
Each sample collected at the Site during the nitrate investigation will be identified using a unique
sample identification number (ID). The description of the sample type and the point name will be
recorded on the chain-of-custody (COC) forms, as well as in the field notes.

Field log books will be used to document field sampling information. Sample IDs will be listed
on the sample labels and the COC forms submitted to the laboratory, and will be cross-
referenced to the name in permanently bound field log books, on sample data sheets, and on
COC forms,

Geoprobe boring samples will be named according to the boring location and top and bottom of
the depth interval at which they were collected, following the convention GP-11X#-tt-dd. where
1t is the top of the depth interval and dd is the bottom of depth interval expressed in feet below
ground surface. For example, the sample collected at GP-01A1 in the depth interval between 6
and 7 feet bgs would be named GP-01A1-06-07; similarly, the sample collected at GP-07C in the
depth interval from 21 to 22 feet bgs would be named GP-07C-21-22.

wi e follows:

¢ Duplicate samples will have the same name as the parent sample with a D added at the<-

end of the sample name.

»  Equipment bl will be have the same name as the boring location with a terminal RB
al the end.
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2.3,.2 Sample Labeling
Rescalable plastic bags will be labeled with an indelible marker with the:

¢ sample identification; and

s date.

Laboratory provided sample containers will be labeled with an adhesive label showing the:

e sample identification,
= date,
» the time of collection,
= the project name,
» sampler’s initials, and
= analysis required.
Once the label is applied, it will be covered with clear plastic tape to prevent the label from being

rendered illegible by water. Containers will be sealed in a plastic bag and placed on ice in a
cooler,

2,3.3 Sample Documentation
Documentation during sampling is essential to proper sample identification. All personnel will
adhere to the following general guidelines for maintaining field documentation:
= Documentation will be completed in permanent black or blue ink.
o All entries will be legible.

* LErrors will be corrected by crossing out the entry with a single line and then dating and
initialing the lineout.

s Any serialized documents will be maintained by INTERA and refcrenced in the site log
book.

s Unused portions of pages will be crossed out, and each page will be signed and dated.

The field team leader and sampling personnel are responsible for proper documentation of
activities.
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2.3.4 Chain-of-Custody
Standard sample custody procedures will be used to maintain and document sample integrity
during collection, transportation, storage, and analysis. A sample will be considered to be in
custody if one of the following statements applies:

# [t isina person’s physical possession or view.
¢ [t isin a secure area with restricted access.

e [t is placed in a container and secured with an official seal in such a way that the sample
cannot be reached without breaking the seal.

Chain-of-custody (COC) procedures provide an accurate written record that traces the possession
of individual samples from the time of collection in the field to the time of acceplance at the
laboratoty. The COC form will also be used to document all samples collected and the analyses
requested. Information that the field personnel will record on the COC form includes the
following:

= Project name and number

» Sampling location

= Name and signature of sampler

s Destination of sample (laboratory name)

= Sample ID

* Date and time of collection

* Number and type of containers filled

= Analyses requested

= Preservatives used (if applicable)

e Filtering (if applicablc)

¢ Signatures of individuals involved in custody transfer, including the date and time of
transfer

s Air bill number (if applicable) or courier information
= Project contact and phone number
Unused lines on the COC form will be crossed out. Field personnel will sign COC forms, The

COC form will be placed in a waterproof plastic bag and taped to the inside of the shipping
container used to transport the samples. Signed air bills will serve as evidence of custody transfer
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between ficld personnel and the courier, and between the courier and the laboratory. Copies of
the COC form and the air bill will be retained and filed by field personnel before the containers
are shipped.

The laboratory sample custodian will receive all incoming samples, sign the accompanying COC
forms, and retain copies of the forms as permanent record. The laboratory sample custodian will
record all pertinent information concerning the samples, including the persons delivering the
samples, the date and time received, sample condition at the time of receipt (e.g., sealed,
unsealed, or broken container; lemperature; or other relevant remarks), the sample 1Ds, and any
unique laboratory identification numbers for the samples. When the sample transfer process is
complete, the custodian is responsible for maintaining internal log books, tracking reports, and
other records necessary to maintain custody throughout sample preparation and analysis.

The laboratory will provide a sccure slorage area for all samples. Access to this area will be
restricted to authorized personnel. The custodian will ensure that samples requiring special
handling, including samples that are heat- or light-sensitive, radioactive, or have other unusual
physical characleristics, are properly stored and maintained pending analysis.

2,35 Sample Shipment
The [ollowing procedures will be implemented when samples collected during the remediation

activities are shipped:

* The cooler will be flled with bubble wrap, sample containers, and packing material.
SulTicient packing material will be used to minimize sample container breakage during
shipment.

* The COC forms will be placed inside a plastic bag. The bag will be sealed and taped to
the inside ol the cooler lid. The air bill, i required, will be filled out before the samples
are handed over to the carrier. The laboratory will be notified if the sampler suspects that
the sample contains any substance that would require laboratory personnel to take safety
precautions.

® The cooler will be closed and taped shut with packing tape around both ends. If the
cooler has a drain, it will be taped shut both inside and outside of the cooler.

s Signed and dated custody seals will be placed on the [ront and side of each cooler. Wide
clear tape will be placed over the seals.

e The COC form will be transported within the taped, sealed cooler. When the cooler is
received at the analytical laboratory, laboratory personnel will open the cooler and sign
the COC form to document transfer of samples.
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e Multiple coolers may be sent in one shipment to the laboratory. The outsides of the
coolers will be marked to indicate the number of coolers in the shipment.

2.4 Sample Containers and Holding Times

All sample containers will be supplied by the laboratory and will be certified as new. The type of
sample containers to be used for cach analysis, the sample volumes required, the preservation
requirements, and the holding times for samples prior to extraction and analysis are presented in
Table 2.

2.5 Analytical Methods
2,5.1 Field Analytical Methods

Field analytical methods include the Nitrate-VieldFest-and-the-Chlondeeld-Testnitrule tnitrile

Hach Test Kit and chloride QuanTab Test Kil. Both tests rely on procedures promulgated in the
USDA Soil Quality Test Kit Guide (USDA, 2001) (Appendix E) using Hach Nitrate and Nitrite

Test Strips and QuanTab Chloride Test Strips. The tests require the following equipment:
& 30-mL measuring scoop
* 120-mlL plastic containers with lid
o LaborstorygradeCommercial third party deionized water
# Filter paper
= Eye dropper
¢ Stopwatch or timer
e Nitrate/nitrite test strips
= Chloride test strips

» Soil data worksheets

1.  Extract a soil subsample. Mix the soil thoroughly and measure a level, 30-ml. scoop
subsample and place it in the plastic container. Weigh the subsample and enter its
weight on a soil data worksheet.

2. Add water to Subsample and mix. Add 30 mL of commercial third party deionized
water to the container with the subsample. The resulting mixture equales to a 1:1 soil to
water ratio on a volume basis. Put the lid on the container and shake vigorously about
25 times.
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3. Fold filter. Fold the filter paper in half and then fold it again, but not quite into a
quarter-circle, leaving the edges a little uneven.

4,  Insert Filter Paper into Subsample. Open the filter paper into the shape of a cone and
push it (pointed part first) quickly in to the jar with the soil/water mixture until it
touches the bottom of the jar. Wait until about an eye dropper-full of the solution has
seeped through the inside of the filter paper.

5. Place drops on the pitratetnitrite Hach Test Kilnitrate/nitslte strips. Using the eye
dropper and one nitrate/nitrite strip, place a drop on each of the nitrate/nitrite test strips
pads (one for nitrate and the other for nitrite). Note the time.

6.  Align the nitrate/nitrite test strip with the color chart on the side of the test strip bottle.

7.  After 60 scconds, compare the color of the nitrate and nitrite pads to the corresponding
scales to estimate the amount of nitrate and nitrite present based on the color change.

8.  Repeat 57 for the chloride test strips.

Concentrations of each analyte can be estimated by assuming all of the analyte present in the soil
sample has gone into solution and by assuming that in situ moisture content of the soil is
negligible. Under these assumptions, the soil concentration of (for example) nitrate, Ci.nos, can
be estimated by:

CN—NOSVW

Cinos = -
m:—dr)u

where C,.vps is the aqueous nitrate concentration result from the test strip, ¥, is the volume of
water and m, 4, is the dry mass of soil.

I'he range of the Hach Nitrate Field Test is 0 — 50 mg/L.. The test strip colors are compared
against colors on the test strip container. A different color on the test strip bottle corresponds
wi h of the following concentrations: Oppm. lppm, 2 1] m, an
50 .fa le Ic h or on the bottle that cormr n “0", the ni
concentration in that sample will be consid less ¢ detection limit of A bl

resulls (above Oppm) will be matched to the corresponding concentration. with an error of the

ations that best match the color on 51 strip. For exa if &

10 1 Id imated as 7.5 with an en [ i iy a
field test kils are used for field screening purposes only. and matching the colors from the test
ips i ject 1 int tation on the user. If the estimated con ion i ater than
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two times the baseline concentration fi ri is). & le from that depth

interval will be sent to the analytical laboratory 1o determine a concentration of nitrate as
nitrogen reported in mg/kg.

ine that co onds | uanTab scale from 1.2 to 7.8 QuanTab units. QuanT: i
correspond to chloride in mg/L.

and-that ofthe orideFiald-Test-is-30—600 .Ifm__readmgfromthef'eldtestcxceeds
the maximum limit, the test may bc rerun by diluting the sample solution.

2.5.2 Laboratory Analytical Methods
All soil samples will be submitted to the analytical laboratory for SPLP using EPA Method 1312
using Extraction Fluid #3 (Appendix B). Method 1312 will produce a leachate of all soil
samples which will be analyzed for nitrate, chloride, sulfate and nitrogen as ammonia using EPA
Method 353.2, EPA method 300.0, and EPA method 350.1 respectively.

The SPLP leaching procedure described herein does not affect the PQLs published herein. There
Ls publi i it is a preparatory method only. Method i
' not_included in e ini vel to ich th
laboratory will report data. Data below the MDL is considered estimated and will not be
reported.
The PQLs for the methods specified above are included in Table 2. These PQLs are sufficiently
itive for the pur is investigati wing reasons.

a) The lowest groundwater GWCLs for nitrate at tehe Mill is _0.12—mg/L.. The PQL from= - -

the Method ——of 8:20.01 mg/L. is significantly lower than the GWCL. Additionally, the

Utah Groundwater Quality Standard (GWQS) is 10.0 mg/L. which is several orders of

magnitude above the POL specified herein. (There is no GWCL or GWQS for chloride).

Nitrate ion in the identified plume has been previously reported up to 68 L

Chloride concgn@ions range up o 210— mg/L.. Due to the effects of dilution in the
nc i for source to contribute measurably to the de

presence of nitrate or chlorldc, soil samples and the SPLP leachates derived from those
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soils,would have fo exist at concentrations higher t the groundwater concentrations
within the plume.

¢) The lowest GWCL for ammonia at the Mill
0.05 mg/L. is significantly lower than the lowest GWCL. Additionally the GWOS is 25

m, Lwhlch seve !crders of magnit P L. specified herein. A ain, as is
uire co ions_hi an_ground nccntral ons As uch the P L is
it fi is inv

d e lowest sulfate GWCI for the Mill is 462 mg/l.. The PQL from the method 0f.0.75
mg/L is significantly lower by several orders of magnitude than the lowest GWCL.. As is
the with nitrate as nitrogen, the effects of dilution in the groundwater medi ould

require concentrations significantly higher than groundwater concentrations. As such the

POL is sufficient [t e pu ¢s of this investi

The SPLP leaching procedure described herein does not affect the PQLs published herein.+- - -  Formatted: Indent: Left: 0.25" ]
There are no PQLs published for this method as it is a preparatory method only. Method

Detection Limits (MDLs) are not included here-in as the PQLs the mini level
which the laboratory will report data. Data below the MDL is considered estimated and will
not be reported.

2.6 Quality Control

2.6.1 Field Quality Control Methods
Field quality control measures include complete documentation of all field activities on the
appropriate forms. Field QC samples include the collection of field duplicates and equipment
blanks for analysis by the analytical laboratory. Field duplicates will be collected at a frequency
of 1 duplicate per 20-10 field samples. Dupllcates will be collected by mlxmg the field sample
and splitting the sample into 2 containers. +Fhe-sa e{abe aFe : 4

submitted—blind—te—the-laberater—Duplicate assessment w:ll be complctcd as descrlbcd in
Section 2.6.3.4 below._Equipment blanks will be collected at a frequency of 1 blank per 20 field

Equipment blanks | uring deionized water from third party, Formatted: Font: 6 pt, Do not check spelling or
e over deconlaminate lin ipm i e in contact with ) Al
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site soil). QC samples will be analyzed at the same laboratory and for the same constituents as
the ficld samples.

Duplicates for the field measurement of nitrate and chloride will be completed at a frequency of
| duplicate per 26-10 samples and will also be assessed as discussed in Section 2.6.3.4 below.

2,6.2 Laboratory Quality Control Methods
Analytical QA/QC will be governed by the QA/QC program of the Analytical Laboratory. Every
effort will be made to use Analytical Laboratories that are certified by the State of Utah and by
NELAP and/or NAVLAP, is capable of performing the analytical procedures specified in Table
2, and that the QA/QC program of the Analytical Laboratory includes the spikes, blanks and
duplicates described below.

Spikes, Blanks and Check Samples

Analytical Laboratory QC samples will assess the accuracy and precision of the analyses. The
following describes the type of QC samples that may be used by the Analytical Laboratory to
assess the quality of the data. Analytical QC will be completed as required by the specific
method used for analysis. Assessment of analytical laboratory QC samples will be as specified in
the method.

a. Matrix Spike/Matrix Spike Duplicate

A spiked field sample analyzed in duplicate may be analyzed with every analytical batch.
Analytes stipulated by the analytical method. by applicable regulations, or by other
specific requirements may be spiked into the samples. Selection of the sample (o be
spiked depends on the information required and the variety of conditions within a typical
matrix. The matrix spike sample serves as a check evaluating the effect of the sample
matrix on the accuracy of analysis. The matrix spike duplicate serves as a check of the
analytical precision. Assessmenl of the malrix spike/matrix spike duplicate will be
completed using the method and laboratory established limits.

b, thod Blank:

[Zach analytical batch shall be accompanied by a method blank. The method blank shall
be carried through the entire analytical procedure. Contamination detected in analysis of’
method blanks will be used to evaluate any Analytical Laboratory contamination of
environmental samples which may have occurred. Method blank detections will be
assessed lo determine if there is any affect on the sample data usability. Method blank
affects will be discussed and a determination made on a case by case basis.
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c. Check Samples

Each analytical batch shall contain a number of check samples. For each method, the
Analytical Laboratory will analyze the check samples or their equivalents specified in the
analytical method. Check samples may include: a laboratory control sample, calibration
checks, laboratory fortified blanks, or sample duplicates. Check samples will be reviewed
for compliance with the laboratory and method specified acceptance limits.

2.6.3 Internal QC Checks

2.6.3.1 Field QC Check Procedures
The QA Manager will perform the QA/QC analysis of field procedures as described below,

2.6.3.2 Review of Compliance with Procedures in This Plan

Observation of technician performance is monitored by the QA Manager on a periodic basis o
ensure compliance with this Plan.

2.6.3.3 Completeness review

The QA Manager will review all analytical results to confirm that the analytical resulls are
complete (i.e., there is an analytical result for each required constituent). The completeness goal
for this project is 95%.

2.6.3.4 Duplicates
The following analyses will be performed on duplicate ficld samples:
a. Relative Percent Difference.

RPDs will be calculated in comparisons of duplicate and original ficld sample results. Non-
conformance will exist when the RPD > 35%, unless the measured concentrations are less than 5

2 times the required-detection—tmitPQL[referred to as CROQL in the Functional Guideliens]

(EPA Contract Laboratory Program National Functional Guidelines for Inorganic Data Review,

February-1994January 2010.-92403-05-815-p-—25540-R-10-011).

2.6.3.5 Use of QC Samples to Assess Conformance with This Plan

QC samples generated during field aclivities and in the laboratory will be used to assess the
usability of the data for meeting project objectives. QC data which do not meet the requirements
specified herein may require that the associated sample data be (lagged for limited use or be
removed from the overall data pool. Data flagging will follow standard EPA guidelines specified
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in Functional Guidelines as applicable to the analytical method. QC samples will be used to
determine if the data meet the project objectives.

2.7 Instrument and Equipment Testing, Inspection and Maintenance

The Analytical Laboratory is responsible [or the maintenance of its instruments in accordance
with Analytical Laboratory procedures and as required in order to maintain its NELAP and/or
NAVILAP certifications. Preventive maintenance will be performed on a scheduled basis to
minimize downtime and the potential interruption ol analytical work.

Sampling and field equipment shall be tested, inspected and maintained in accordance with
manufacturers’ recommendations.

2.8 Instrument Calibration

A [undamental requirement for collection of valid data is the proper calibration of all sample
collection and analytical instruments. Test kits will be calibrated usi ird party commercial
delonized water prior to analysis.ese-the-enlibration-methods-sel-forth-in-the-instruetion-mantel

provided-with-the-test-leits. Analytical l.aboratory equipment shall be calibrated in accordance
with Analytical Laboratory procedures and as described in the analytical methods.

3.0 DATA EVALUATION

Data evaluation will be completed as described throughout this plan. Analytical data will be
evaluated as described using laboratory generated QC samples as specified in the analytical
methods. Field data will be evaluated against the specific QC samples generated in the field and
documentation will be reviewed for completeness and accuracy.

The analylical results of Phase 1A will be used to develop a 95% UCL for the background levels
of nitrate, chloride, sulfate and ammonia. Analytical results from Phases 1B and 1C will be
compared to the UCL background levels to assess the likelihood of impacts from the source
areas and additional locations, where concentrations significantly above background levels will
be regarded as indicative of impact.

For the SPLP, Extraction Fluid #3 will be used (Appendix B). Standard extraction requires the
addition of nitric acid and sulfuric acid during the leaching process. Since the leachates will be
analyzed for nitrate+nitrite and sulfate, the deionized water leaching process contemplated by the
method (for cyanide containing samples) will be used in lieu of the standard leaching procedure.

1
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As previously described, the soil samples are being leached and analyzed using water
me!.hodologles, which will yleld conccntrattons in Ilquld units (such as mg/!) Duﬂﬂg—’cheda%e

g&e—mﬂm-w}m—umwi—be-pmded!bclgbomtgg iII p;n art a,!! sgl

samples in two ways: 1) as a leachate in mg/L an kg o t basis.

Data usability will be assessed based on compliance with QC standards specified in the
analytical method.

4.0 AUDITS

DUSA may perform system and performance audits in order to ensure that data of known and
defensible quality are produced during a sampling program. The frequency and timing of system
and performance audits shall be as determined by DUSA.

41 System Audits

System audits are qualilative evaluations of all components of field and Analytical Laboratory
QC measurement systems. They determine if the measurement systems are being used
appropriately. System audits will review [ield and Analytical Laboratory operations, including
sampling equipment, laboratory equipment, sampling procedures, and equipment calibrations, to
evaluate the effectiveness of the QA program and to identify any weakness that may exist. The
audits may be carried out before all systems are operational, during the program, or after the
completion of the program. Such audits typically involve a comparison of the activities required
under this Plan with those actually scheduled or performed. A special type of systems audit is the
data management audit. This audit addresses only data collection and management activities.

4.2 Performance Audits

The performance audit is a quantitative evaluation of the measurement systems of @ program. It
requires testing the measurement systems with samples of known composition or behavior to
evaluate precision and accuracy. With respect to performance audits of the analytical process,
either blind performance evaluation samples may be submilted to the Analytical Laboratory for
analysis, or the auditor may request that it provide results of the blind studies that the Analytical
Laboratory must provide to its NELAP and/or NAVLAP accreditation agency on an annual
basis. The performance audit is carried out without the knowledge of the analysts, (o the extent
practicable.
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4.3 Follow-Up Actions
Response to the system audits and performance audits is required when deviations are found.

4.4 Audit Records

Audit records for all audits conducted will be retained in DUSA Central Files. These records will
contain audit reports, written records of completion for corrective actions, and any other
documents associated with the audits supporting audit findings or corrective actions.
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