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Addendum to the Work Plan for Sandia Canyon and Cainada del Buey, Revision 1

Scope
(New, modified,
or ongoing
activity) Work Description Rationale
Archival Work | A review of solid waste management units and areas of concern in Knowledge of groundwater flow paths and operations at Los Alamos
(ongoing) Los Alamos, Sandia, and Mortandad canyons was conducted to National Laboratory (LANL or the Laboratory) support a focus on
identify the potential source(s) of chromium (including the mass Los Alamos, Sandia, and Mortandad canyons as the likely sources of
associated with each source) as part of the “Interim Measures chromium in the regional aquifer in and around R-11 and R-28. The
Investigation Report for Chromium Contamination in Groundwater” likely sources are related to usage of chromate-containing compounds
(LANL 2006, 094431). Additional review will further constrain the mass | to inhibit corrosion in cooling-tower systems that discharged to each of
of chromium and volume of effluent released to these canyons. This the three watersheds. Lesser sources include electroplating and photo
review will also improve estimates of other contaminants released to processing facilities. Information about sources and release histories
Sandia Canyon, such as zinc, phosphate, molybdenum, and arsenic. | will be incorporated into models evaluating fate and transport of
chromium and other mobile constituents. Delineation of transport rates
and flow paths within Sandia Canyon will be improved by tracking
contaminants that were released concurrent with and following
chromium releases. Model simulations will incorporate bounding
estimates of released contaminant masses to quantify the level of
resolution in mass estimates required to evaluate potential remedial
options.
Sediment The Laboratory proposes to modify the scope of the Sandia Canyon The modification of the list of priority reaches specified in
Investigation sediment investigation described in the work plan (LANL 1999, Table 7.1.2-1 of the work plan (LANL 1999, 064617, p. 7-9) will better
(modified) 064617) by (1) modifying the locations of Phase 1 investigation focus work on evaluating the nature of chromium contamination. The

reaches, (2) modifying Phase 1 numbers of sample and analytical
suites, adding supplemental analyses to evaluate chromium
geochemistry, and (3) using field x-ray fluorescence (XRF)
measurements to help in the selection of samples submitted for off-
site analysis and to enhance the robustness of the nature and extent
determination of chromium in sediments. These three actions are
described below in detail:

(1) The Laboratory proposes to add an additional upcanyon reach
closer to the primary contaminant source (“S-3 West”) and to eliminate
two downcanyon reaches (S-4 Central and S-5 West) from the initial
sampling phase.

(2) The Laboratory proposes five changes to the Phase 1 sediment
analyses, as presented in the work plan. First, chromium(VI),

new reach, S-3 West, will be roughly midway between reaches S-2
and S-3, in a portion of the canyon relatively close to the primary
contaminant source that is expected to be important for understanding
the chromium inventory in the Sandia watershed. The two reaches
eliminated from this first phase of investigation, S-4 Central and S-5
West, are in an area of expected relatively low chromium
contamination, based on sample data from reaches S-3 and S-5
Central collected in 2000. In addition, any contamination in S-4
Central and S-5 West will be adequately bounded by data from the
nearby reaches, S-4 West, S-4 East, and S-5 Central. S-4 Central and
S-5 West could be further investigated in later phases if such work is
required.

The modifications to the analyte suites and sample numbers will
provide better Phase 1 characterization than presented in the work

LA-UR-07-2186

April 2007



Scope
(New, modified,
or ongoing
activity)

Work Description

Rationale

molybdenum, isotopic thorium, perchlorate, polycyclic aromatic
hydrocarbons, and volatile organic compounds will be added to the
analytical suite in all full-suite samples. Second analyses in S-3 West
will be restricted to chromium and other metals, chromium(VI),
molybdenum, and polychlorinated biphenyls as key contaminants.
Analyses in the remaining Phase 1 reaches would include the full suite
specified in the work plan. Third, approximately 40 samples will be
collected in the wetland (reach S-2) for chromium and other metals to
define the total chromium inventory better. Chromium(VI) analyses
would also be obtained from these samples. Fourth, additional
analyses will be conducted on approximately 20 samples to help
evaluate the geochemical stability of chromium species. In addition to
total chromium, chromium(VI1), and other metals, the analyses will
include iron(ll), manganese(lV), phosphorus, nitrate, sulfate, sulfide,
and total organic and inorganic carbon. Five, analyze approximately
eight samples of cattails in reach S-2 for metals to evaluate potential
biologic uptake.

(3) The Laboratory will use a hand-held Innov-X XRF instrument to
obtain field measurements of chromium concentration in sediment
deposits in each reach prior to sampling. Measurements will be made
for each stratigraphic interval at each geomorphic characterization
location (stream banks, hand-dug holes, or hand-auger holes). These
measurements will be used to determine variations in chromium
concentration between different geomorphic units, sediment facies
(fine-grained or coarse-grained sediment), and depth intervals. The
XRF measurements will be used to provide preliminary estimates of
chromium inventory in each reach and will be used to guide sampling.
Samples selected for off-site analysis will include the location in each
reach with the highest chromium concentration and also a range in
concentration to provide representative average concentrations. The
manufacturer’s instruction manual is attached to this revision
(Attachment 1).

plan, including: potential identification of a larger number of chemicals
of potential concern; a better estimate of the inventory of total
chromium, chromium(VI), and other analytes in sediment in the
Sandia watershed; an improved evaluation of the geochemical stability
of chromium; and an evaluation of the uptake of chromium and other
metals into plants in the Sandia wetland.

The results of field XRF measurements will provide a more robust
determination of the spatial variations in chromium concentration and
will help ensure that the locations with highest chromium
concentration in each reach are sampled. Sampling for off-site
analyses based on the field XRF data will also provide improved
estimates of average chromium concentration and total chromium
inventory in each reach.

Water Balance
Investigation

(new)

This activity will constrain the location and amount of surface water
and alluvial groundwater loss in the narrow bedrock-dominated portion
of Sandia Canyon between surface-water gaging stations E123 and

Areas of surface-water and alluvial-groundwater loss probably
coincide with those parts of the canyon floor that contributed recharge
to deeper perched zones and to the regional aquifer during and after
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Scope
(New, modified,
or ongoing
activity)

Work Description

Rationale

E123.5. The infiltration investigation conducted as part of the “Interim
Measures Work Plan for Chromium Contamination in Groundwater”
(LANL 2006, 091987) will be expanded by installing one or two new
temporary stream gages, as allowed by the topography. Together with
discharge data from outfalls and flow data from existing stream gages,
the new stream gages will allow division of upper Sandia Canyon into
three or four stream segments, providing better delineation of the
areas of surface-water loss. Streambed infiltration losses will be
determined by comparing surface-water flow between gages.

the period of chromium release from the Technical Area 3 (TA-03)
power plant. A water-balance investigation, reported in the “Interim
Measures Investigation Report for Chromium Contamination in
Groundwater” (LANL 2006, 094431), showed that approximately 35%
of the current TA-03 effluent volume to upper Sandia Canyon is lost
along the approximately 3.5-km (2.2-mi) reach of canyon between the
Sandia wetland and temporary gage E123.5. Further refinement of the
water-loss estimates along this portion of Sandia Canyon will identify
vadose-zone pathways and potential entry points for historical
chromium contamination into the regional aquifer. These data will be
applied in models of groundwater flow and chromium transport. These
data will also help constrain the nature and extent of chromium and
other contaminants.

Surface Water
and
Groundwater
Sampling
(modified)

Analytical suites for ongoing sampling conducted in Sandia Canyon,
as described in the Interim Facility Groundwater Monitoring Plan
(IFGMP), will be modified by adding stable isotopes of chromium
(853Cr) at the proposed locations.

An initial sampling round will be conducted to determine if isotopic
variations in 5°*Cr occur along surface water and groundwater flow
paths within the Sandia and Mortandad watersheds. Samples from
some of these locations may be at or below the lower concentration
limit necessary for accurate and precise chromium isotope
measurement, and/or the presence of high levels of organic matter
may interfere with chromate extraction and analysis (Heikoop 2007,
095189). Based on results from the first round of sampling, some of
these locations may be eliminated from future rounds of sampling if
they are not suitable for analysis by this technique. In addition,
variations in 8°*Cr for the initial round of data will be evaluated to
determine if isotopic fractionation from the reduction of chromium(VI)
to chromium(lll) occurs along the surface water and groundwater flow
paths. If evidence for isotopic fractionation is present, sampling will be
conducted for three more quarters in the Sandia watershed and as
approved in the next IFGMP for Mortandad Canyon.

Water-quality (geochemical) data obtained from one or more sampling
rounds provide information about the occurrence and distribution of
contaminants in surface and groundwater in the Sandia and
Mortandad watersheds. Chemical and isotopic data will fingerprint
potential contaminant sources and improve geochemical and
hydrologic-transport numerical models that quantify processes
controlling fate and transport of chromium and other contaminants of
relevance (arsenic, molybdenum, and zinc). Ultimately, these data
support the evaluation of potential remedial options.

Analysis of §%Cr should enhance the geochemical conceptual model
for chromium, including quantitative evaluation of chemical-
biochemical reduction of chromium(VI) to chromium(lll), followed by
adsorption of chromium(lll) onto ferric (oxy)hydroxide and/or
precipitation of insoluble Cr(OH)s. Analytical results for 5°°Cr are
anticipated to provide quantitative information on the fate and
transport and the natural attenuation of chromium in surface water and
groundwater environments at the Laboratory.
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Scope
(New, modified,
or ongoing
activity)

Work Description

Rationale

Following completion of first phase of the sediment investigation,
further consideration will be made to evaluate the potential usefulness
of conducting chromium isotope analyses directly on sediment
samples collected during the second phase.

Stable chromium isotopes are proposed for addition to the current
monitoring suites at the following locations:

Sandia Canyon
Surface Water — E121, E122, adjacent to SCA-1, E123, at new
temporary gage station, and at E123.5

Alluvial Groundwater — SCA-1, SCA-3, SCA-5
Intermediate Groundwater — SCI-1, R-12 (screens 1 and 2)

Regional Groundwater — R-11, R-10, R-10a, and R-35(a and b) when
online

Mortandad Canyon

Surface Water — E1FW, E1E, E200

Alluvial Groundwater — MCO-0.6, MCO-2, MCO-4.5, MCO-5, MCO-7.5
Intermediate Groundwater — MCOBT-4.4, MCOI-5, MCOI-6

Regional Groundwater — R-1, R-15, R-13, R-28, R-33, R-14, R-34

Fate and
Transport
Modeling

(new)

This activity includes the development of a site-scale groundwater-
flow and contaminant-transport model that incorporates historic
chromium sources in Sandia, Mortandad, and Los Alamos
watersheds, and existing water-supply wells in the vicinity (PM-3 and
0O-4). The model will include the vadose zone and the regional aquifer
and will be based on all available hydrogeological data and supporting
information, including the distribution of chemicals such as
molybdenum and phosphate that replaced the use of chromium. The
model will include detailed documentation of key input parameters and
conceptual models and address uncertainties in the model results.
The Laboratory will engage NMED in incorporating aspects of the
conceptual model and plausible ranges and distributions for model
input parameters. At a minimum, conceptual models to be considered

Numerical models are useful tools for integrating available knowledge
about the fate and transport of chromium. Combining a quantitative
treatment of all uncertainties with calibration and weighting of results
based on their agreement with chromium measurements provides a
defensible approach to providing quantitative answers to key
questions such as: (1) What is the nature and extent of chromium? (2)
What is the uncertainty in the nature and extent of chromium? (3) Is
the current monitoring-well network capable of intercepting all
potential chromium pathways? (4) What is the long-term fate of
chromium in the vadose zone and regional aquifer? (5) What is the
most effective and efficient remedial option for chromium? (6) What
additional characterization is necessary to reduce model uncertainty
sufficient to allow the selection of a remedial option?
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Scope
(New, modified,
or ongoing
activity)

Work Description

Rationale

will include those recently suggested, such as (1) the fault system that
crosses the wetland as a fast pathway for chromium transport; (2) a
vadose zone pathway that includes down-dip lateral spreading of
perched intermediate groundwater above perching horizons; and (3)
spatial and temporal changes to infiltration in Sandia Canyon from
past erosion of canyon-bottom alluvium.

Model results will be compared to available monitoring data as well as
to estimates of the total mass of chromium in the system. If necessary,
simulation results will be weighted based on agreement between
simulated and measured concentrations.

The model results will include, but will not be limited to, maps showing
the expected concentration of chromium, the probability that chromium
concentrations exceed maximum contaminant levels, and chromium
concentrations associated with confidence limits agreed upon by the
Laboratory and NMED.

R-28 Testing
(new)

R-28 will be pumped for at least 30 hr at a constant rate of
approximately 5 gal. per minute while water levels, chemical
constituents, and other indicator parameters are measured. In
addition, water levels will be monitored continuously in R-35(a and b),
R-11, R-13, R-15, and R-8A during the test. The 30-hr test duration
should produce water that is currently located outside the “zone of
influence” of the potential residual drilling fluids.

The Laboratory will work with NMED before the test to define a set of
potential test responses, in terms of water levels, contaminant
concentrations, and indicator parameters. These potential responses
will be based on conceptual models of flow and transport such as one
model assuming that the chromium concentrations are affected by
drilling fluids and another model assuming they are not affected by
drilling fluids. These hypothetical responses will seek to identify
unique responses of each conceptual model and ensure test design
and sampling protocols that can observe these unique responses.

This test will evaluate the effects of possible residual drilling fluid
contamination on measured chromium concentrations, provide insight
into the nature of the chromium plume, and provide information on
aquifer parameters to be used in conceptual and numerical models of
chromium fate and transport.
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Scope
(New, modified,
or ongoing
activity)

Work Description

Rationale

Water samples will be collected at R-28 before pumping and during
pumping at the following frequency: every hour during zero to 12 hr;
every 4 hr from 12 to 24 hr; and at 30 hr at the end of pumping. Field
parameters, including oxidation-reduction potential, temperature, pH,
turbidity, specific conductance, and dissolved oxygen, will be
measured during pumping and sampling. For all samples collected,
filtered waters will be analyzed for metals and anions (including
perchlorate), and nonfiltered waters will be analyzed for metals, total
organic carbon, acetone, and 2-proponal (isopropyl alcohol). In
addition, at the 4- and 6-hr intervals, filtered water samples will be
analyzed for stable isotopes of nitrogen, and nonfiltered waters will be
analyzed for low-level tritium (using electrolytic enrichment at the
University of Miami) and stable isotopes of oxygen and hydrogen. To
evaluate chromium reduction by potential residual drilling fluids, stable
isotopes of chromium will be analyzed in samples collected at 0, 2, 4,
8, 12, 18, 24, and 30 hr.

A field implementation plan (FIP) will be prepared to describe the
details of the test at R-28. The FIP will include details of the test and
the waste management plan for the purge water.

PM-3 Zonal
Sampling
(new)

The Los Alamos County Utilities Department informed the Laboratory
that access to PM-3 will not be granted until at least the fall of 2007.

Zonal sampling may provide insights into depth-dependant variations
in the quality of water entering the well screen at PM-3. The
Laboratory proposes that the need for zonal sampling at PM-3 be
assessed after results for the R-35 and numerical modeling activities
are evaluated.

Vadose Zone
Boreholes
(new)

NMED requested that one to two vadose-zone characterization core
holes be installed approximately a mile upstream of SCC-1, if
accessible. Field visits indicate that there are no accessible sites close
enough to the stream channel in this portion of the canyon for
installing core holes.

Proposed fate and transport modeling studies can evaluate different
infiltration scenarios for this part of the canyon. In addition,
geochemical data provided by sediment and water samples collected
from the Sandia wetland, surface water, alluvial groundwater,
intermediate groundwater, and regional groundwater will support
evaluation of chromium migration pathways. The need for additional
deep core hole investigations will be evaluated in the context of
numerical modeling results.
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- INSTRUCTION MANUAL

INNOV-X SYSTEMS
ALPHA SERIES™
X-RAY FLUORESCENCE
SPECTROMETERS

August 2005
Version 2.1

Innov-X Systems, Inc.
100 Sylvan Road, Suite 100
Woburn, MA 01801

Toll Free 866-446-6689 FAX 781-938-0128
Web-Site: www.innov-xsys.com
2003 Innov-X Systems, Inc. All rights reserved.




INNOV-X SOIL QUICK START GUIDE
INNOV-X Systems, Inc.
10 Gill Street, Suite Q
Woburn, MA 01801

THIS INSTRUMENT PRODUCES IONIZING RADIATION.

Only Users with Manufacturer Authorized Training should operate INNOV-X Instruments
Before use, read and understand instruction manual
Review radiation safety— Chapter 3 in the Operator’s Manual
Maintain Possession & Control of the Analyzer at all Times
Never Point the Instrument at Yourself or Others

Start-up preparation for new units:
¢ Charge main batteries for analyzer using Innov-X battery charger.
¢ Charge iPAQ. The iPAQ consumes battery power even when it is turned off. If the instrument is not used for a
period of many days, the iPAQ may discharge completely, or may not have enough power to run a test. If
instrument will not be used for several days, charge the iPAQ during down time.

Daily Start up procedure: (More detailed information can be found in Section 5.1 of the User’s manual)
1. Place a battery in the analyzer.
Power on the Analyzer Main Power (On/Off switch located on the back of the analyzer)
Power on the iPAQ (Button located in upper right hand corner of iPAQ)
Select Innov-X from the start menu located in the upper left hand corner of iPAQ screen.
Read the radiation safety notice and acknowledge that you are a certified user by pressing start
Select Soil Mode.
Analyzer will undergo a 60 second hardware initialization.
Place a standardization clip on the nose of the analyzer. Tap the button on the screen to standardize.
When standardization is complete, remove the standardization clip. (Manual sectton 4.4 Standardization)

. Tap the “lock” icon in the lower right corner of the iPAQ screen to release software trigger lock

. Test a soil standard to verify instrument performance.

. Results will display on screen. Subsequent tests may be started from either Results or Analysis screens.
If necessary, tap the X in the upper right hand corner of the Results screen to return to the “Ready to
test” Analysis screen at any time.

Test information can be entered from the analysis screen by tapping the Info button. (Manual 4.6)
¢ Tests can be stopped by either pulling the trigger, or tapping Stop on the iPAQ screen.
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HP IPAQ Pocket PC® Basics:
¢ Start menu is found in the upper left corner of screen. If “Start” icon is not visible, tap the screen in
upper left corner. '
o Text is entered by tapping the keyboard icon in lower right to bring up the Virtual Keyboard or
Character recognizer.

¢ The File Toolbar is located at the bottom of the screen.
¢ Pressing the right most button below the screen provides a list of applications currently running
¢ To Reset the iPAQ, stick the tip of the stylus into the small hole located next to the connector.

O Innov-X software uses three main screens: Main, Analysis and Results: Users select mode to use via the
Main Screen. Most edits to testing method are made via the Analysis screen, which typically says
“Ready to test.” The Results screen shows all data. All data editing features are done from here.

o Always exit software completely when finished using analyzer! It may be necessary to close all three
screens. Use File — Exit. Software will prompt for confirmation before closing.

o Removing iPAQ: Slide iPAQ towards nose of analyzer to clear connector before lifting upwards.



Sample Preparation Considerations:

e The degree of sample preparation will largely determine the accuracy obtained when using portable

XRF!

¢ EPA Method 6200 for portable XRF is written for in-situ testing, as opposed to prepared-sample testing, .
¢ Sample Preparation will depend on the goal of the analysis. For Quantitative Field Screening, it is often
sufficient to analyze samples in plastic bags, or directly on the ground - in-situ testing. In-situ testing
provides a high number of data points quickly in order to profile a site rapidly and find “hot spots.”
¢ For more quantitative results, or-for direct comparison to a laboratory analytical method such as AA or

ICP, samples should be dried, homogenized and prepared in sample cups. For the best possible

comparisons, it is best to have the laboratory analyze the same samples analyzed with the XRF.
e Sample prep recommendations can be found in EPA Method 6200, Pg. 8 “Sample Preparation.”
o  For laboratory analysis, be sure to request a total digestion method.

Exporting data:

Exported data is saved as comma delimited (.csv) files.
These files can be opened and formatted in MS Excel, or
any other spreadsheet program. To transfer datato a
PC, ActiveSync must be installed on the PC.

From Results Screen

1. Choose File = Export Readings

2. Select readings to be exported. Tap OK.

3. Input Filename, folder, tap OK

4. Theresults file will be stored in the My
Documents Folder on the iPAQ. It can be
copied to a PC using ActiveSync. If ActiveSync
is set up to automatically synchronize files, this
file will be copied when the iPAQ is connected
to the PC.

Erasing data:

The software loads stored data when first result is
taken in each mode after software is started. As more
readings are stored, the analyzer will take longer to
display the results of the first reading. If this period
of time becomes too long, erase the data stored in
memory.

From Results Screen:
1. Select File —Erase Readings
2. Enter administrative password
3. Select readings to be deleted and tap OK.
4. Select “Yes" to confirm deletion.

Manual: Section 4.7.2 Erasing readings

Changing Test Settings from Analysis screen:
Test time: Select Options —Setup Testing
¢ Min Time must elapse in a reading for results to
be reported on screen. Tests stopped before
Min Time will be considered to be aborted tests.
¢ Max Test time is maximum length of test if a
manual test end condition is selected.

Turn live updates on/off: Select View — Live Updates

Soil mode options and test end conditions
Are described in section 5.4 of the users manual

Test end conditions:
Select Options — Soil Mode Testing Setup
* Manual: Test ends when test is stopped
¢  Maximum Time: Test ends when Max time
has elapsed
o Rel. S5td. Dev.: Must choose element and
standard deviation. Test ends when error is
within specified limits
e Action Level: Must choose element and
desired action level. Test ends when analyzer
can determine if elements concentration is
above or below action level.

~Innov-X Systems e 10 Gill Street. Suite Q ® Woburn, MA 01801
Tel 781-938-5005 o Fax 781-938-0128




Table 1. Certified Values

Element Mass Fraction Element Mass Fraction
%) (mg/kg)
Aluminum 644 = 0.08 Antimony 384 = 3
Calcium 1.25 +  0.03 Arsenic 626 + 38
Iron 3.38 +  0.10 Barium 707 + 51
Magnesium 0.853 = 0.042 Cadmium 218 + 0.2
Manganese 1.01 + 0.04 Copper 2950 + 130
Phosphorus 0.106 = 0015 Lead 5532 + 80
Potassium 2.11 = 011 Mercury 326 =« 1.8
Silicon 28.97 + 018 Nickel 143 <« 1.0
Sodium 1.14 +  0.06 Silver 353 = 1.5
Sulfur 0.240 = 0.006 Vanadium 766 =+ 2.3
Titanium 0283 <+ 0010 Zinc 6952 + 91

Noncertified Values: Noncertified values shown below are provided for information only. An element
concentration value is not certified if a bias is suspected in one or more of the methods used for certification, or if

two independent methods are not available.

Table 2. Noncertified Values

Element Mass Fraction Element Mass Fraction
(%) (mg/kg)
.Carbon 3 Bromine 6
Cerium 57
Cesium 107
Chromium 39
Cobalt 10
Dysprosium 54
Europium 1
Galljium 34
Gold 0.6
Hafnium 3.2
Holmium 0.6
Indium 5.1
Lanthanum 34
Molybdenum 19
Neodymium 23
Rubidium 120
Samarium 7.8
Scandium 8.7
Strontium 330
Thallium 13
Thorium 13
Tungsten 93
Uranjum 25
Ytterbium 1.3
Yttrium 23
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Element

Aluminum
Calcium
Iron
Magnesium
Phosphorus
Potassium
Silicon
Sodium
Sulfur
Titanium

Noncertified Values:

Element

Carbon

SRM 2711

Mass Fraction

6.53
2.88
2.89
1.05
0.086
2.45
30.44
1.14
0.042
0.306

L T TR

(%)

0.09
0.08
0.06
0.03
0.007
0.08
0.19
0.03
0.001
0.023

Table 1. Certified Values

Element Mass Fraction
(ngle)
Antimony 19.4 + 18
Arsenic 105 + 8
Barium 726 + 38
Cadmium 4170 = 025
Copper 114 + 2
Lead 1162 oz 31
Manganese 638 x 28
Mercury 625 = 019
Nickel 20.6 + 1.1
Selenium 152 =+ 014
Silver 463 == 0.39
Strontium  245.3 + 07
Thallium 247 = 015
Vanadium 81.6 + 29
Zinc 3504 + 48

Noncertified values, shown below, are provided for information only. An element
concentration value may not be certified, if a bias is suspected in one or more of the methods used for certification,

or if two independent methods are not available.

Mass Fraction
(%)

2

Table 2. Noncertified Values

Element

Bromine
Cerium
Cesium
Chromium
Cobalt
Dysprosium
Europinm
Gallium
Gold
Hafnium
Holmium
Indium
Todine
Lanthanum
Molybdenum
Neodymium
Rubidium
Samarium
Scandium
Thorium
Tungsten
Uranium
Yitterbium
Yttrium
Zirconium

Mass Fraction
(ng/g)

5
69
6.1
47
10
5.6
1.1
15
.03
7.3
1
1.1
3
40
1.6
31
110
5.9
9
14
3
2.6
27
25
230
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Element

Aluminum
Calcium
Iron
Magnesium
Phosphorus
Potassium
Silicon
Sodium
Sulfur
Titanium

Noncertified Values:

Element

Carbon

. SRM 2709

Table 1. (_Ser[iﬁed Values

Mass Fraction

(%)
750 = 0.06
1.89 + 005
350 = 0.11
151 + 0.05
0.062 = 0.005
203 = 0.06
2066 = 0.23
1.16 =+ 003
0.080 =+ 0.002
0342 =+ 0.024

Element

Antimony
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Strontium
Thallium
Vanadium
Zinc

Mass Fraction

(ng/g)

79 = 0.6
177 = 08
968 + 40

038 = (.01
130 + 4
134 = 0.7
346 = 07
189 =z 0S5
538 + 17

140 = 0.08
88 + 5

1.57 = 0.08
041 = 0.03
231 + 2

074 = 0.05
112 x 5
106 + 3

Noncertified values, shown below, are provided for information only. An element
concentration value may not be certified if a bias is suspected in one or more of the methods used for certification, or
if two independent methods are not available.

Table 2. Noncertified Values

Mass Fraction
(%)

1.2

4

Element

Cerium
Cesium
Dysprosium
Europium
Gallium
Gold
Hafnium
Holmium
Iodine
Lanthanum
Molybdenum
Neodymium
Rubidium
Samarium
Scandium
Thorium
Tungsten
Uranium
Ytterbium
Yttrium
Zirconium

Mass Fraction

(nglg)

42
53
35
0.9

14
0.3
3.7
0.54
5 N

23
2.0

19

96
3.8

12

11
2
3
1.6

18

160
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Chapter 1 Introduction
1.0 INSPECTING YOUR INNOV-X ANALYZER

Upon receipt:

1. Locate and remove the shipping papers and documentation from under the lid’s foam padding.

2. Remove the Innov-X Analyzer and all of the components from the protective carrying case and
identify each on the enclosed shipping list.

3. Connect the battery charger to an 110V-240V AC power source. Place one Li-ion battery on the

charger and charge it for at least 2 hours. Charge the second battery.

Charge the HP iPAQ using the attached AC adaptor for at least % hour,

Read and review the “Quick Start” section of the User’s Manual. Innov-X recommends that you read

the entire manual,

Install the fully charged battery into the analyzer.

Press the ON/OFF button on the back of the analyzer and the power button on the iPAQ.

Select Innov-X from the start menu located in the upper left hand corner of iPAQ screen.

Select the desired analysis mode (i.e., Analytical, FastID, Pass/Fail or Soil). The instrument will

undergo a one minute hardware initialization period.

10. Standardize the instrument with the 316 Stainless Steel mask. Standardize the instrument every 4
hours or as directed by the display.

11. Release the software trigger lock and analyze a sample of known composition, in order to verify the

correct operation of the analyzer.

A S

12. Analyze samples of unknown composition.

1.1 COMPONENTS INCLUDED WITH THE ANALYZER

Shown here are the various items which are included with the Innov-X portable XRF analyzer. Unless
otherwise noted, all items are standard accessories.

Analyzer, with iPAQ attached. Two, Li-ion batteries (o shown).




Standardization cap and weld mask (optional)

Battery charger and an AC adaptor. Battery shown The standard standardization cap has no weld slit.
mounted in charging system.

iPAQ cradle and AC adaptor. The cradle is used to % -
connect the IPAQ to a PC for dOWnloading data and Testing stand. This is the benchtop docking
reports. station for the analyzer. It is an optional accessory

1.2 QUICK START INSTRUCTIONS

The following section provides a quick overview to using the Innov-X portable XRF analyzer. This is
intended to provide the basic startup and operational instruction needed to perform simple analyses, It is
highly recommended that the user read the sections on Radiation Safety (Chapter 3) and the detailed
description on operation (Chapter 4). The following Quick Start information is also provided as a separate,
bound, laminated publication for quick reference.

Place a battery in the analyzer.

Power on the Analyzer (On/Off switch located on back of analyzer)

Power on the iPAQ (Button located in upper right hand corner of iPAQ)

Select Innov-X from the start menu located in the upper left hand corner of iPAQ screen.

Read the radiation safety notice and acknowledge that you are a certified user by pressing Start.
Select Desired Mode.

The analyzer will undergo a 60 second hardware initialization.

Place a standardization clip on the nose of the analyzer. Tap the button on the screen to
standardize. (Manual section 4.4 Standardization)

When standardization is complete, remove the standardization clip.

PRI RPN

o
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10. Release the software trigger lock by tapping the locked icon on the iPAQ screen and tapping yes
in response to the software prompt.

11. Test standard to verify instrument performance.

12. Results will display on screen. Subsequent tests may be started from either the Results or
Analysis screens.

1.3 INTRODUCTION TO XRF: X-RAY FLUORESCENCE
SPECTROMETRY OVERVIEW

Basic Theory

Although most commonly known for diagnostic use in the medical field, the use of x-rays forms the basis
of many powerful analytical measurement techniques, including X-ray Fluorescence (XRF) Spectrometry.

XRF Spectrometry is used to identify elements in a substance and quantify the amount of those elements
present. An element is identified by its characteristic X-ray emission wavelength (A) or energy (E). The
amount of an element present is quantified by measuring the intensity of its characteristic line. XRF
Spectrometry ultimately determines the elemental composition of a material.

All atoms have a fixed number of electrons (negatively charged particles) arranged in orbitals around the
nucleus. The number of electrons in a given atom is equal to the number of protons (positively charged
particles) in the nucleus; and, the number of protons is indicated by the Atomic Number in the Periodic
Table of Elements. Each Atomic Number is assigned an elemental name, such as Iron (Fe), with Atomic
Number 26. Energy Dispersive (ED) XRF and Wavelength Dispersive (WD) XRF Spectrometry typically
utilize activity in the first three electron orbitals, the K, L, and M lines, where K is closest to the nucleus.
Each electron orbital corresponds to a specific and different energy level for a given element.

. Emitted Electron

Electron Detector

Secondary X-ray Photon -
Fluorescence

Primary X-ray Photons

X-ray Tube

In XRF Spectrometry, high-energy primary X-ray photons are emitted from a source (X-ray tube) and
strike the sample. The primary photons from the X-ray tube have enough energy to knock electrons out of
the innermost, K or L, orbitals. When this occurs, the atoms become ions, which are unstable. Electrons
seek stability; therefore, an electron from an outer orbital, L or M, will move into the newly vacant space at
the inner orbital. As the electron from the outer orbital moves into the inner orbital space, it emits an
energy known as a secondary X-ray photon. This phenomenon is called fluorescence. The secondary X-
ray produced is characteristic of a specific element. The energy (E) of the emitted fluorescent X-ray
photon is determined by the difference in energies between the initial and final orbitals of the individual
transitions.
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This is described by the formula
E=hc/A
where h is Planck's constant; ¢ is the velocity of light; and A is the characteristic wavelength of the photon.

Wavelengths are inversely proportional to the energies; they are characteristic for each element. For
example the Ka energy for Iron (Fe) is about 6.4keV. The number of element-specific characteristic X-
rays produced in a sample over a given period of time, or the intensity, can be measured to determine the
quantity of a given element in a sample. Typical spectra for EDXRF Spectrometry appear as a plot of
Energy (E) versus the Intensity (I).
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History

Wilhelm Roentgen discovered X-rays in 1895. Methods for identifying and quantifying elements using
XRF were first published by Henry Moseley in 1913. Much research and development of XRF continued
after Moseley's pioneering work, especially during WWII when rapid developments in the aircraft,
automotive, steel and other metals industries heightened the need to identify alloys quickly and reliably.
However, the first commercial XRF Spectrometers weren't available until the early 1950's. Those systems
were based on WDXRF technology and measured the characteristic wavelength of an element, one element
atatime. Although the use of these systems was critical for elemental analyses, they were large,
expensive, and required highly skilled operators to use and maintain them.

In the late 1960's, EDXRF technology, which measures the characteristic energy of an element, began to
rival the use of WDXRF due to the development of Si (Li) solid state detectors, which offered better energy
resolution of the signal. EDXRF systems offered the potential of collecting and displaying information on
all of the elements in a sample at the same time, as opposed to one at a time with typical WDXRF systems.
Many of the early EDXRF systems used radioisotopes for excitation instead of X-ray tubes, which could
require changing sources to determine all the elements of interest. Some of those early EDXRF systems
did not easily resolve multiple elements in a single analytical run.

As can be imagined, the equipment and applications of XRF Spectrometers have developed tremendously
since the 1960's. Advancements in technology, electronics, computers, software and the use and
modification of them for XRF Spectrometers by instrument manufacturers, research scientists & engineers,
and industrial users alike have led to the current state of the art in XRF Spectrometers. Now a mature
technology, XRF Spectrometry is routinely used for R&D, QC and analytical services in support of
production.

Elemental Analysis
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e Rl P SR I B P P A S WY N S W W WP N W W N W NN N W W Ny



XRF Spectrometry is the choice of many analysts for elemental analysis when compared to the other
techniques available. Wet chemistry instrument techniques for elemental analysis require destructive and
time-consuming specimen preparation, often using concentrated acids or other hazardous materials. Not
only is the sample destroyed, waste streams are generated during the analytical process that need to be
disposed of, many of which are hazardous. These wet chemistry elemental analysis techniques often take
twenty minutes to several hours for specimen preparation and analysis time. All of these factors lead to a
relatively high cost per sample. However, if PPB and lower elemental concentrations are the primary
measurement need, wet chemistry instrument elemental analysis techniques are necessary.

XRF Spectrometry easily and quickly identifies and quantifies elements over a wide dynamic concentration
range, from PPM levels up to virtually 100% by weight. XRF Spectrometry does not destroy the sample
and requires little, if any, specimen preparation. It has a very fast overall sample turnaround time. These
factors lead to a significant reduction in the per sample analytical cost when compared to other elemental
analysis techniques.

All elemental analysis techniques experience interferences, both chemical and physical in nature, and must
be corrected or compensated for in order to achieve adequate analytical results. Most wet chemistry
instrument techniques for elemental analysis suffer from interferences that are corrected for by both
extensive and complex specimen preparation techniques, instramentation advancements, and by
mathematical corrections in the system's software. In XRF Spectrometry, the primary interference is from
other specific elements in a substance that can influence (matrix effects) the analysis of the element(s) of
interest. However, these interferences are well known and documented; and, instrumentation
advancements and mathematical corrections in the system's software easily and quickly correct for them.
In certain cases, the geometry of the sample can effect XRF analysis, but this is easily compensated for by
grinding or polishing the sample, or by pressing a pellet or making glass beads.

(nantitative analysis for XRF Spectrometry is typically performed using Empirical Methods (calibration
¢ 25 using standards similar in property to the unknown) or Fundamental Parameters (FP). FP is
fioocatlv preferred because it allows elemental analysis to be performed with no standards or calibration
curves. s enables the analyst to use the system immediately, without having to spend additional time
si.cingz ud i L aal calibration curves for the various elements and materials of interest. The capabilities
ot inedern cor 0 - - iow the use of this no-standard mathematical analysis, FP, accompanied by stored
leraries ot <aw wu e o2 als, to determine not only the elemental composition of an unknown material

- Uhyand eusily, Bus cven to identify the unknown material itself.

EL 0007 s aneters

EDXRF Specirein:: © - tems are mechanically very simple; essentially there are no moving parts. An
EDXRF system typi. ..., sas three major components: an excitation source, a spectrometer/detector, and a
data collection/processing unit. The ease of use, rapid analysis time, lower initial purchase price and
substantially lower long-term maintenance costs of EDXRF Spectrometers have led to having more

systems in use today worldwide than WDXRF Spectrometer systems.

Sample/Specimen

Excitation

Data Collection/
Source

Processing Unit

Spectrometer/
Detector

EDXREF has been found most useful for scrap alloy sorting, forensic science, environmental analysis,
archacometry and a myriad of other elemental field-oriented analyses.
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Handheld EDXRF Spectrometers for Field Analyses

It is clear that a future trend for elemental analysis is in rapid site investigation using techniques that are
fast, inexpensive, reliable, and long-term cost effective. There is a need for immediate decisions to be
made during the delivery of materials, industrial processing, and in the field for positive materials
identification or environmental site assessment and remediation. It is also clear that EDXRF Spectrometry
is the most suitable elemental analysis technique available for field analysis due to its simplicity, speed,
precision, accuracy, reliability, and overall cost effectiveness.

Recent technological developments in cell phones, pocket PC's and other portable consumer electronics
have led to the advancement of many high-performance, miniature components. X-ray equipment
manufacturers began to take advantage of these developments in the late 1990's and developed Handheld
EDXREF systems. An obvious advantage of Handheld EDXRF systems is that the analyzer is taken to the
sample as opposed to bringing the sample to the analyzer and configuring it to fit in an analysis chamber. In
addition to the per sample analytical cost savings, a key factor in using non-destructive EDXRF analysis,
especially in the field, is the overall project cost savings due to improved and more timely decision making.
The use of EDXRF for immediate positive materials identification or to guide an environmental site
characterization will generally reduce the overall time required in the field due to the quick turnaround for
the sample analysis; this invariably reduces the overall costs of analytical field work.

Of course, Handheld EDXRF technology has continued to evolve in concert with portable consumer
electronic developments. Just like the early Benchtop EDXRF systems, early Handheld EDXRF systems
used radioisotopes for excitation. There are several practical problems with the use of radioactive isotopes
for handheld systems. The source decays and loses its testing speed over time. In addition to the loss in
analytical capabilities, the sources have to be replaced incurring a cost. The use of radioactive isotopes also
requires licensing (state-to-state in the US) and a radioactive materials control program,; they are difficult to
ship and transport, as they require hazardous materials declarations and/or permits. Consequently, the
newest and most exciting development in Handheld EDXRF technology is the use of battery operated,
miniature X-ray tubes, which was pioneered by the staff at Innov-X Systems.

Innov-X Systems Handheld EDXRF Spectrometers

Innov-X Systems specializes in Handheld EDXRF technology with the most advanced miniature
components available for X-ray Tube sources, detectors, and PC 's. Innov-X Systems Handheld EDXRF
Spectrometers are ideally suited for field analysis of alloys, lead-based paint, environmental soils, filters,
dust wipes, forensics, archacometry, and a variety of other elemental analyses in the field or around the
plant. Innov-X Systems EDXRF Spectrometers are affordable, easy to use, reliable, and overall cost
effective. The Innov-X Systems Handheld EDXRF units incorporate state-of the art components including
a battery operated miniature X-ray tube, a high-resolution silicon pin detector, high speed data acquisition

circuitry, and a Compaq IPAQ Pocket PC® handheld computer for calculations, results and operator
interface.

Innov-X Systems EDXRF Spectrometers offer the following invaluable features:

Portable

Battery operated, rechargeable

X-ray Tube-based (Ag or W anode, 10-40kV, 10-100uA)

Si PiN diode detector.

Integrated pocket PC

Pistol-shaped design for difficult testing locations and welds
Auto-compensation for irregular or small samples
Fundamental Parameters for no-standard analyses

Stored Grade Libraries for rapid Grade ID's

Stored Fingerprint Libraries for rapid material ID's

1-6 Innov-X User Manual Version 2.1
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o Docking station available for use as standard benchtop unit
e  Results shown after a few seconds of testing time.

For more information on how to utilize your Innov-X Systems Handheld EDXRF Spectrometer optimally,
please review this Instruction Manual or contact us directly.
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Chapter 2. Usage and Assembly of
Accessories
2.0 ACCESSORIES

This chapter describes the various accessories that are provided with an Innov-X XRF analysis system.
Included are:

Batteries

Battery Charger

iPAQ cradle and charger

Testing Stand Assembly (not standard with all units)
Standardization Clip or Standardization Clip/Welding mask.

2.1 ANALYZER BATTERY

The Innov-X Systems XRF Analyzer is powered by a replaceable, rechargeable Lithium ion battery. In
addition, the iPAQ has its own internal battery.

Innov-X Systems Main Battery

The Innov-X Analyzer uses a rechargeable Lithium Ion Smart Battery. A picture
of the battery is shown in Fig. 2.1. Two batteries are included with each
analyzer.. The batteries are charged an external battery charger. Batteries
typically function for 4 to 8 hours, depending on usage patterns. Heavier duty
cycles deplete the battery more quickly. Therefore, users who do longer and
more frequent tests will need to replace their batteries more often than users who
take shorter or fewer tests.

Figure 2.1. Li-ion
Battery for analyzer

Replacement batteries can be purchased directly by calling Innov-X Systems at
781-938-5005. (P/N A003)

Battery power indicators:

There are two ways of determining the charge remaining on a battery: the LED indicator on the battery and
the battery status icon on the analyzer screen. The battery icon, when tapped, will indicate the percent
charge remaining on a battery inside the analyzer. Additionally, the battery icon will change from green to
yellow when the battery gets low, indicating it has about 15 minutes left of charge.

To use the battery LED, push the button below the indicator. The lighting will indicate the % of charge. If
possible, try to use batteries with at least 50% of their full charge, according to the indicator.

2.2 CHANGING A BATTERY

To change a battery, perform the following steps:

1. Hold the instrument by the handle, upside down, so the bottom of the instrument base is pointing
upward. Please refer to Fig. 2.2.

2. Hold the instrument so that the nose is pointing away from the operator.

3. Open the battery door on the bottom of the handle. The batteries have a small tab attached for
ease of removal.
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Pull out the existing battery, and replace with a new battery.

5. Insert the charged battery into the analyzer such that the connectors on the top of the battery are
facing to the right. Note that the battery slot is keyed so that the battery can only be inserted one
way.

Figure 2.2a. Instrument handle. Pull the rubber latch and lift Figure 2.2b Insert new battery
door. Reach into opening and remove battery. into opening.

2.3 BATTERY CHARGER

The battery charger is shown in Fig. 2.3. It takes about 2 hours to completely charge a battery. The status
of the charger is shown by two lights on the power adaptor. Table 2.1 lists the information conveyed by the
lights.

gure 3. Battc are.

Left Light Right light Status
On Off Battery is charging
On On Battery is 80% charged
Off . On Battery is completely charged
Blink Blink Error. Remove battery and replace on charger. If error persists, call
Innov-X Systems Technical support.
Off Off No battery is on charger

Table 2.1 Battery charger status lights
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2.4 HP IPAQ POCKET PC BATTERY

The iPAQ has an internal rechargeable battery, which can be recharged by using the power adaptor that is
included with the unit. This adaptor can be connected either to the iPAQ itself, or to the cradle. Ifitis
connected to the cradle, and plugged in, the iPAQ will recharge whenever it is placed in the cradle. In
addition, the iPAQ Battery will recharge whenever the iPAQ is mounted in an Innov-X analyzer which is
powered, but not actively taking a test. The amber light on the top of the iPAQ will blink whenever the
battery is charging. It will remain solid when the battery is completely charged.

Since the iPAQ will be recharged whenever the Innov-X Systems Analyzer is in use, it may never be
necessary to use the iPAQ power adaptor. However, care should be taken when the analyzer is not used for
a period of several days, as the iPAQ uses some power even when it is powered off. It is therefore possible
to completely discharge the battery simply by not using the iPAQ for several days, or by using it for several
hours without recharging it.

If you do not use your Innov-X Analyzer on a daily basis, or if you will have a down period of more than
several days, it is recommended that you remove the iPAQ from the Analyzer when it is not in use and plug
in the iPAQ to a power outlet to recharge it. This will ensure that your iPAQ is always charged and ready
for use. You should also always plug in the power cord whenever the iPAQ is removed from the analyzer
for data transfer. ‘

If you do allow the iPAQ battery to discharge significantly, either by allowing it to sit too long unused, or
by using it for a period of time without it being connected to a power source, it may not be possible to
operate your analyzer. If this happens, the Innov-X software will provide an error message indicating that
the iPAQ battery is too low. Recharge the iPAQ for at least a half an hour before attempting another
measurement.

If the iPAQ battery is completely discharged, it will not be possible to turn on the iPAQ until it is
recharged. A complete power failure will erase anything that is stored in the Main Memory of the iPAQ.
All Innov-X program and data files are stored on the storage card, rather than in Main Memory, so you will
not lose any data or have to reinstall the Innov-X software.

1. Ifthe battery on the iPAQ is completely discharged, charge it for at least one half hour.

2. You will be required to follow the prompts on the iPAQ screen before you can use the iPAQ. This
procedure involves realigning the screen by tapping in several spots, and going through a quick
tutorial.

3. TheiPAQ will reinitialize the Innov-X Systems software. A message will appear indicating that
this is going to happen. You must tap ok to initialize.

4. The software will open automatically; a message will appear indicating that several registries have
been restored. Tap ok to dismiss this message.

5. Set the clock to the current time. Note, this is very important, as your data is indexed by date. If
the date in the iPAQ is incorrect, you may not be able to locate your results. The instrument will
not allow you to take a reading until the date has been changed.

a. From the Start Menu, tap Settings.

b. Select the System tab, and tap clock.

c. Set the proper date. Further details about this procedure can be found in the HP iPAQ
user’s manual.

2.5 REMOVING THE IPAQ FROM THE ANALYZER

It is very important to properly remove the iPAQ Pocket PC from the analyzer to avoid damaging the
connector on the back of the iPAQ.

In order to remove the iPAQ, push the iPAQ retainer shown in Fig. 2.4 towards the front of the analyzer.
Holding the retainer forward, grab the iPAQ from the sides, slide the iPAQ forward until it is clear of its
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connector, then tilt the front end up enough so it clears the front holder allowing the iPAQ to be lifted out
of the instrument. :

Note: Never grab the iPAQ and twist it side-to-side to remove it from the analyzer. Always move
the iPAQ retainer forward as instructed above, slide the iPAQ forward and remove from the
analyzer.

Figure 2.4. Removing the iPAQ from the analyzer.

2.6 STANDARDIZATION CAP and/or WELD TESTING MASK

All analyzers are supplied with either a standardization cap or a combination standardization cap welding
mask. The standardization mask is the standard accessory. Welding masks can be purchased as an
additional accessory, or in lieu of the standardization mask.

Standardization Cap

The cap clips on the front end of the analyzer and is used to standardize the system as described in Chapter
4. To attach the cap, snap it onto the nose of the analyzer over the Kapton window.

Combination Standardization Cap/Welding Mask

The standardization/welding mask is shown in Fig. 2.5. The cap clips onto the front end of the analyzer
and is used to standardize the system as described in Chapter 4. To attach the cap, snap it onto the nose of
the analyzer over the Kapton window. Be sure that when attaching the cap, that the solid end (as opposed
to the end with the %” wide slit) is covering the window. To remove the mask, slide it off to either side.

The opposite end of the standardization cap serves as a welding mask. This mask is used to shield the base
metal from analysis, when analyzing a weld. It is important to use this mask since failure to do so will
produce an alloy chemistry that is a mixture of the base metal and the actual weld. For best results:

Use the welding mask only for welds that are larger than the opening in the mask;

Make solid contact between the surface of the mask and the material to test;

Use the mask only in the Analytical Mode — not with the standard Fast ID library;
Consider using longer test perieds to compensate for the smaller testing area — especially
with more difficult separations.

e o

If it is desirable to use the welding mask in FastID mode, a user can create a special “Welding Mask
Library.” Teach all relevant alloys with the welding mask is in position. Make sure these fingerprints are
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saved in library that contains ONLY fingerprints taught with a welding mask. When measuring a weld,
make sure the “Weld” library is the only one selected. By creating a special finger print library using the
welding mask, a user can get good results in the Fast ID Mode as well.

Figure 2.5 Standardization cap and welding mask. (Optional accessory)
The standard standardization cap does not have the welding slit.

2.7 TESTING STAND (optional accessory)

The testing stand is designed as a docking station
for the handheld analyzer. It can be used as a
bench-top system, or to test small samples. A list of
components and an assembled stand is shown in
Figure 2.6:

Components of the testing stand:
Three (3) short legs

Three (3) long legs

Lower Stand

Upper Stand

Four (4) knobs for top plate

Test stand cradle

Clip for cradle.

Adaptor cable (connects serial connector
on iPAQ cradle to auxiliary port on
analyzer)

I R

Assembly of Testing Stand

1. Insert the three Short Legs through the holes in the
Lower Stand by inserting the threaded screw through the
holes. This will balance the Lower Stand on the table
top. (Fig. 2.7).

Figure 2.6. Assembled Testing Stand

Figure 2.7. MountingJI‘.,o‘wér Stand onto Short
Legs.
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2. Mount the three Long Legs onto the Lower Stand by
inserting the threaded screws from the Short Legs into
the holes on the Long Legs and turning until snug.
Remove iPAQ from analyzer by following the
instructions in Figure 2.4. Place the analyzer into the
gap in the Lower Stand as shown. (Fig. 2.8).

3. Mount the Upper Stand onto the Long Legs. The
Upper Stand has holes for the screws at the end of each
of the Long Legs. The Upper Stand will also fit snugly
over the front end of the analyzer. Be sure that the
Upper Stand is mounted so that all three screws are
inserted through the holes, and the front end of the

analyzer is flush with the top surface of the upper stand.

(Fig. 2.9).

Figure 2.8. Mounting Long Legs onto Lower
Stand and inserting analyzer.

Figure 2.9. Mounting Upper Stand onto
Testing Stand.

5. Put three knobs to secure testing stand onto analyzer. The iPAQ clip can be secured with any of the
knobs. This clip grabs the base of the iPAQ cradle to hold the iPAQ securely in place.

6. Place the iPAQ in the cradle and connect it to the
Auxiliary Port on the analyzer using the serial cable
adaptor.

26

Figure 2.10. Connecting iPAQ to Auxiliary
Port on analyzer.
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Chapter 3 Safety Information

3.0 IMPORTANT SAFETY INFORMATION

THE XRF SHOULD NOT BE POINTED AT ANYONE OR ANY BODY PART, ENERGIZED OR
DE-ENERGIZED! The safe and proper operation of the Innov-X XRF instruments is the highest priority.
These instruments produce ionizing radiation and should ONLY be operated by individuals, who have been
trained by Innov-X Systems, Inc. and received a manufacturer’s training certificate. Innov-X recommends
that operators and companies implement a written Radiation Safety Program, with safety components
specific to the site and application of use of the instrument. The Radiation Safety Program should be
reviewed annually and revised appropriately by a competent individual.

Innov-X analyzers must be used by trained operators, according to the instructions presented in this
manual. Improper usage may circumvent safety protections-and could potentially cause harm to the user.
Pay attention to all warning labels and messages.

Important Notice for all Canadian Users:

Canadian Federal Regulations (Radiation Emitting Devices Act) require that all Canadian users must be
certified according to NRC Standard CAN/CGSB-48.97/2-2000 in order to use this device.

For this certification contact: Natural Resources Canada, Manager Nondestructive Testing Certification,
CANMET, 568 Booth St., Ottawa, ON, K1A 0G1; Tele: (613) 943-0583; Fax(613) 943-8297.

Users are advised to contact their appropriate federal/provincial./territorial radiation protection agency for
applicable rules of operation.

The Innov-X analyzer is a very safe instrument when used according to manufacturer’s recommended
safety procedures as detailed in this chapter.

Radiation levels during testing are < 0.1 mR/hr on all surfaces of the analyzer except at or near the exit port
for the radiation. This means that if an operator follows standard operating procedures, they will not obtain
any detectable radiation dose above naturally occurring background radiation, on their hand while holding
the analyzer, or on any area of their body.

This chapter details specifics of the radiation levels. It covers both standard (safe) and un-safe methods of

operation, it provides radiation emission information, and also provides dose estimates for unsafe
operations.

- 3.1 GENERAL SAFETY PRECAUTIONS AND INFORMATION:

Retain and follow all product safety and operating instructions. Observe all warnings on the product and in
the operating instructions. To reduce the risk of bodily injury, electric shock, fire and damage to the
equipment, observe the following precautions:

Heed service markings. Except as explained in this documentation, do not service any Innov-X product
yourself. Opening or removing covers may expose you to electric shock. Service needed on components
inside these compartments should be done only by Innov-X Systems, INC,

Damage requiring service:

¢ The power cord, plug or battery contacts for the battery charger are damaged.
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Liquid has been spilled or an object has fallen onto the instrument.

The instrument has been exposed to rain or water.

The instrument has been dropped or damaged.

There are noticeable signs of overheating.

The instrument does not operate normally when you follow operating instructions.

Safety Precautions:

Use the correct external power source: Ensure that the voltage is appropriate (100V-240 V/ 50-60 Hz) for
charging the battery packs. Do not overload an electrical outlet, power strip, or convenience receptacle.
The overall load should not exceed 80% of the branch circuit rating.

Use cables and power cords properly:
Plug the hattery charger into a grounded electrical outlet that is easily accessible at all times. Do not pull
on cords and cables. When unplugging the cord form the electrical outlet, grasp and pull the cord by the

plug.

Handle battery packs properly; do not: disassemble, crush, puncture, short external contacts, dispose of in
fire or water, or expose a battery pack to temperatures higher than 60 °C (140 °F).Do not attempt to open or
service a battery pack.

WARNING: Danger of explosion if battery is incorrectly substituted. Replace only with Innov-X
specified batteries. Used batteries may be returned to Innov-X Systems for disposal.

3.2 INNOV-X SYSTEMS - RECOMMENDED RADIATION SAFETY
TRAINING COMPONENTS

Individual Companies and States have specific regulations and guidelines for the use of X-ray tube
generated ionizing radiation. The purpose of the recommendations below is to provide generic guidance
for an ALARA - best practice - approach to radiation safety. These recommendations do not replace the
requirement to understand and comply with the specific policies of any state or organization.

1. Proper Usage. Never point the instrument at another person. Never point the instrument into the air
and perform a test. Never hold a sample in your hand and test that part of the sample.

2. Establish Controlled Areas. The location of storage and use should be of restricted access to limit
potential exposure to ionizing radiation. In use, the target should not be hand held and the area at least
three paces beyond the target should be unoccupied.

3. Specific Controls. The instrument should be stored, in a locked case, or locked cabinets when not in
use. When in use, it must remain in the direct control of a factory trained, certified operator. :

4. Time - Distance - Shielding Policies. Operators should minimize the time around the energized
instrument, maximize the distance from the instrument window, and shoot into high density materials
whenever possible. Under no circumstances should the operator point the instrument at themselves or
others.

5. Prevent Exposure to Ionizing Radiation. - All reasonable measures, including labeling, operator
training and certification, and the concepts of time, distance, & shielding, should be implemented to
limit radiation exposure to as low as reasonably achievable (ALARA).

6. Personal Monitoring. Radiation control regulations may require implementation of a radiation
monitoring program, where each instrument operator wears a film badge or TLD detector for an initial
period of 1 year to establish a baseline exposure record. Continuing radiation monitoring after this
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period is recommended, but may be discontinued if accepted by radiation control regulators. Please
refer to Sect. 3.10 for a list of providers of film badges.

3.3 INNOV-X SAFETY FEATURES

The Innov-X analyzer is very safe when used correctly, however the analyzer does emit radiation through
the analyzer window, and all precautions must be taken to reduce exposure to this radiation. In order to
minimize the possibility of accidental exposure, the following safety features are standard in all Innov-X
analyzers.

1.  “Deadman” trigger. The trigger must be held for the duration of the test. This requires that the
user consciously depress the trigger whenever x-rays are emitted, and ensures that the analyzer is
attended at all times while x-rays are emitted.

Upon completion of safety training, an INNOV-X certified trainer may deactivate this feature
upon request. The deactivation of the trigger is recommended only if long tests are required (such
as for soil mode) and if the unit is used primarily by only 1 or 2 users who utilize it frequently, in a
very controlled environment. In situations where multiple users are sharing the unit, it is
recommended that the deadman trigger remain active.

Note: Canadian Regulations require that the deadman trigger be used at all times. This
feature will not be disabled for usage in Canada.

2. Software Trigger lock. Before using the trigger, the user must tap on a lock icon located in the
lower right hand corner of the iPAQ screen. The user must then confirm that they wish to unlock
the trigger. If the instrument is used continuously, the software trigger lock will remain off. If
five minutes elapse between tests, the trigger will lock automatically.

3. Software Proximity sensor. The software requires that a sample be present in front of the
analyzing window. This prevents the accidental exposure of bystanders to an open beam. If the
analyzer detects that a sample is not present, it will abort the test and shut off x-rays two seconds
after the test is started.

3.4 PERFORMING A TEST FOLLOWING APPROPRIATE
RADIATION SAFETY PROCEDURES

Starting the Analyzer:

When an operator opens the Innov-X software on

the iPAQ, he or she will be presented with one of ?

the displays shown to the right. Provided an s ety o iz comdion Fedora B itins (edltin

wl) operator has received training from an authorized radtin. I shoukd only be sl by et carifad seton g v N
Innov-X trainer, he/she should tap the START st o1 ARTC‘; o0 e cotiod s o an s im0
‘ button to begin using the analyzer. user.

. Salect START if you ara a certifiad user.
=0 In Canada, INNOV-X ANALYZERS MUST BE [sianr 7] [ o ]| |[ start | [ o |
wl OPERATED BY CERTIFIED USERS ONLY! i & &
- From this point the operator is presented with the
) main menu of the analyzer to choose an operating
-y mode and begin testing (described in Chapter 4),

The remainder of this section is dedicated to
] operational and safety aspects that pertain to safe
use and storage of the analyzer.
"
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Section 3: Quality Assurance.

Quality assurance is detailed for both the proper use of the analyzer (which is also provided in
Method 6200) and for verifying the data quality of in-situ testing. All operators should perform
the QC procedure, regardless of their data quality objectives. Method 6200 has strict
requirements about quality assurance. Additionally, Innov-X recommends that operators verify
the data quality of in-situ test results, if they are using in-situ data to guide their reporting or
remediation decisions. Procedures are listed below:

3.1: Proper verification of instrument operation

These procedures are taken from EPA Method 6200 and updated to be specific to the Innov-X
analyzer. Quality assurance here consists of testing known standards to verify calibration, as well
as testing blank standards to determine limits of detection and to check for sample cross-
contamination or instrument contamination. EPA Method 6200 provides a detailed procedure,
which is provided here in abbreviated form.

Components of instrument QC:

An energy calibration check sample at least twice daily

An instrument blank for every 20 environmental samples

A method blank for every 20 prepared samples

A calibration verification check sample for every 20 samples
A precision sample at least one per day.

AN A S o

A confirmatory sample for every 10 environmental samples

Energy Calibration Check: The Innov-X analyzer performs this automatically; this is the

~ purpose of the standardization check when the analyzer is started. The software does not allow

the analyzer to be used if the standardization is not completed.

Instrument Blank: The operator should use the SiO, (silicon dioxide) blank provided with the
analyzer. The purpose of this test is to verify there is no contamination on the analyzer window or
other component that is “seen” by the x-rays. Method 6200 recommends an instrument blank at
least once per day, preferably every 20 samples. For either in-situ or prepared-sample testing, the
operator should just test the SiO, blank to be sure there are no reported contaminant metals.

Method Blank: The purpose of the method blank is to verify that cross-contamination is not
introduced into samples during the sample preparation process. Method 6200 recommends
following the sample preparation procedures with clean SiQ, once very 20 prepared samples.
This QC step is not required if the operator is not preparing samples.

Calibration Verification: Innov-X provides NIST standard reference samples for calibration
check by operator. The operator should perform a 2-minute test on a NIST standard. The
difference between the XRF result for an element and the value of the standard should be 20% or
less. Calibration Verification should be performed upon instrument startup and periodically
during testing. Note: Innov-X recommends a calibration check every 4 hours. EPA Method 6200
recommends a calibration check every 20 samples NIST reference standards are generally
applicable for Pb, As, Cr, Cu, Zn. Innov-X provides additional reference standards for other
RCRA or Priority Pollutant metals including Cd, Se, Ag, Hg, Ag, Ba, Sn, Sb, and Ni.
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Precision Verification: Quoting from EPA “A minimum of one.precision sample should be run
per day by conducting from 7 to 10 replicate measurements of the sample. The precision is
assessed by calculating a relative standard deviation (RSD) of the replicate measurements for the
analyte. The RSD values should be less than 20 percent for most analytes, except chromium, for
which the value should be less than 30 percent.

Confirmatory Sample: It is recommended that one confirmatory sample is run for every 10
samples collected. According to EPA Method 6200: “Confirmatory samples are collected from
the same sample material that is analyzed on site, but are sent to an off-site laboratory for formal
analysis. The purpose of a confirmatory sample is to judge the accuracy of the data obtained by
analysis on site and to allow corrections, if necessary.”

Important Notes about confirmatory samples:

Innov-X always recommends that customers compare prepared-sample results to laboratory
results. To do this, collect and prepare a sample following the protocols of Appendix 1. Take a
subsample and submit to the laboratory for analysis. The single largest error in XRF analysis is
lack of sample preparation. For the best comparison, always use prepared samples.

3.2: Determining data quality of in-situ testing:

For operators relying extensively on in-situ testing, it is important to determine the data quality of
this testing at a given site. This protocol is not intended for every sample, but rather for a small
percentage of samples considered representative of the site. If the operator can demonstrate that
quantitative data is achieved with little or no sample preparation, then the site characterization
will be completed much more quickly but correctly.

For example, an operator may be able to demonstrate that the XRF result changes considerably
when samples are passed through a 2 mm sieve, but that XRF results do NOT change appreciably
upon finer sieving. In this case the operator can conclude that good XRF data is achievable with
only 2 mm sieving. Sieving only to this level requires far less time than a more robust sample
preparation. A protocol to determine the appropriate level of sample preparation is the following:

1. Delineate a region of soil approximately 4" x 4".

2. Perform several in-situ tests in this area, or collect the top (approximately) quarter inch of
soil from this region, bag the soil, test through the bag. In either case, average the results.

3. Ifyou did not bag the in-situ test sample, collect the top (approximately) quarter inch of
soil from this region and sieve through the 2 mm sieve provided. Otherwise sieve the
bagged sample used for the in-situ test. Thoroughly mix the sieved sample, and place
some of the sieved material into an XRF cup, and perform a test of this sample.

4. If the results of this prepared sample differ less than 20% with the average in-situ result,
this indicates the soil in this region is reasonably homogeneous. The data quality in this
case is probably at the semi-quantitative level, rather than just screening data.

5. If the results differ by more than 20%, this indicates the soil is not very homogeneous,
and there are serious particle size effects affecting your in-situ measurements.

6. In this case, sieve the sample through the 250 ~m sieve. Mix this sample and place a sub-
sample into an XRF cup for testing. If this result differs from the previous by less than
20% then this indicates that at a minimum the 2mm sieving is necessary to achieve higher
data quality.
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7. If this result differs by more than 20% from the sample sieved through 2 mm, then
particle size effects are still affecting the XRF result. In this case samples should be
sieved through 125 4m to assure data quality at the quantitative level.

Section 4: Calibration for Innov-X Portable XRF

The Innov-X analyzer may run three different calibration methods, described below. In nearly all
cases, customers use the Compton Normalization method. This method (recognized in EPA
6200) offers speed, ease of use, and generally good accuracy for concentration ranges from the
ppm level up to 2-3% concentrations. As most field-testing is seeking to remediate or locate
environmental contaminants, the upper limit of the calibration (2-3%) is generally not a
limitation. If customers do require a calibration up to 100% concentration (i.e. a pure element)
then Innov-X recommends they also include the Fundamental Parameters (FP) software module
with the analyzer. The FP module may be added at time of purchase or as an upgrade at any later
date.

Note: In general customers do not need to calibrate the Innov-X analyzer for soil testing. The
analyzer is delivered with a factory calibration, generally based upon the Compton Normalization
(CN) method. The CN method has been proven over the past several years to provide a robust
calibration generally independent of site-specific soil matrix chemistry. The operator may
calibrate the Innov-X system if desired, but calibration is not required to use the analyzer
effectively. All customers should follow the QC procedure described in Section 3, which
includes a check of the calibration.

The final model is the empirical calibration. In this case, customers run standards to generate
calibration curves for various elements in specific soil matrices. Provided the sample is well-
prepared, the empirical method generally yields the most accurate result. In our experience, the
accuracy gains going from Compton Normalization to Empirical Mode are small and not worth
the extra effort in setting up calibration curves. (The greatest source of error for in-field XRF
analysis of soil is lack of adequate sample preparation, thus there is little gained in developing a
sophisticated empirical calibration if the operator does to grind and homogenize the all measured
samples). The empirical calibration module is an optional software package, available fot an
upgrade fee at the time of purchase, or as an upgrade at any later date.

Calibration Requirements:
The concentration of an element in a soil sample is well-described by the formula:

k,

_ i

w, = I,
M(Z,i)

k; = calibration constant for element “i”

£039%
1

o; = concentration of element “i” — the quantity being measured.
I;= measured x-ray intensity from element “i”

M(Z,I) = Soil matrix value
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The factory calibration determines the value of the calibration constants k; for each element, and a
typical value M(Z,I). The calibration method — either CN, fundamental parameters, or empirical —
performs the necessary corrections to the value M(Z,I) that are important for the site-specific soil
chemistry. The XRF analyzer uses the measured intensity of each element’s fluorescence from:
the sample, and the calibration data, to produce elemental concentrations.

Compton Normalization:

The Compton Normalization method calibration consists of the analysis of a single, well-
characterized standard, such as an SRM or SSCS. The standard data are normalized to the
Compton peak. The Compton peak is produced from incoherent backscattering of X-ray radiation
from the excitation source and is present in the spectrum of every sample. The matrix affects the
way in which source radiation is scattered off the samples. This scatter is directly related to the
intensity of the Compton peak. For that reason, normalizing to the Compton peak can reduce
problems with matrix effects that vary among samples. Compton normalization is similar to the
use of internal standards in analysis for organic analytes.

Fundamental Parameters Calibration:

The fundamental parameters (FP) calibration is a "standardless" calibration. Rather than
establishing a unit's calibration curve by measuring its response to standards that contain analytes
of known concentrations, FP calibration relies on the known physics of the spectrometer's
response to pure elements to set the calibration. Built-in mathematical algorithms are used to
adjust the calibration for analysis of soil samples and to compensate for the effects of the soil
matrix. The FP calibration is performed by the manufacturer, but the analyst can adjust the
calibration curves (slope and y-intercept) on the bases of results of analyses of check samples,
such as SRMs which are analyzed in the field.

iilmpirical Calibration:

The empirical calibration method requires that a number of site-specific calibration standards
(SSCS) are used to establish calibration parameters. The instrument response to known analytes
is measured and used to create calibration curves. Empirical calibration is effective because the
samples used closely match the sample matrix. SSCSs are well-prepared samples collected from
the site of interest in which the concentrations of analytes have been determined by inductively
coupled plasma (ICP), atomic absorption (AA), or other methods approved by the US
Environmental Protection Agency (EPA). The standards should contain all the analytes of interest
and interfering analytes. Manufacturers recommend that 10 to 20 calibzation samples be used to
generate a calibration curve. The empirical method is the least desirable calibration method as it
requires that new standards and curves are generated for each site that is analyzed.

Section 5: Effects of Moisture on XRF Results:

Sample moisture has two effects on XRF results:
Q It alters the soil chemistry, since water is another chemical compound that comprises the

soil matrix.
@ Moisture impedes the ability to properly prepare samples.
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O Laboratory results are provided on a “dry weight” basis.
Effect on Soil Chemistry:

While the presence of significant moisture does impact the soil chemistry, modern XRF analyzers
all perform automatic corrections for variations in soil chemistry from site to site. Indeed, such
variations are expected, and that is the reason analyzers use Compton Normalization or
fundamental parameters, in order to correct for moisture content changes as well as other
differences in soil geochemistry.

EPA Method 6200 states “Moisture content above 20 percent may cause problems, since moisture
alters the soil matrix for which the FPXRF has been calibrated.” However, the Compton
Normalization or fundamental parameters methods are implemented in order to automatically
correct results for changes to the soil matrix. Thus, we believe that soil moisture is not a
significant effect on accuracy due to effects of soil matrix, except for the “dilution” effect that can
cause discrepancies with laboratory results which is described below.

Sample preparation issues:

The inability to adequately prepare a wet sample is, we believe, the single biggest contributor to
errors when testing wet samples. It is very difficult to grind or sieve a wet sample. The highest
quality XRF results are generally obtained from prepared samples. If the operator is unwilling to
dry the sample to prepare it, comparisons to the laboratory may yield poorer correlation since the
samples are not homogeneous.

Laboratory Tests on Dry-Weigh Basis:

Laboratories always dry samples prior to analysis. They report percent weight content based
upon a dry sample basis. Portable XRF may often be used to analyze wet samples in the field,
and results are thus reported that include the moisture content. Thus, with all other factors the
same, the laboratory will report results higher than portable XRF. The results will be higher by
the amount of moisture content in the sample. For example laboratory results will be 10% higher
compared to XRF results, if the sample contained 10% by weight water when it was tested with
XRF. Recall, this applies to samples where other possible sources of error are the same or
negligible.

Section 6: Comparing XRF Results to Laboratory Results:

Innov-X strongly recommends that operators compare prepared sample results to laboratory
results. This is because prepared-sample results yield the best possible accuracy with portable
XRF. Moreover, the most common source of error is due to non-uniform samples. The XRF
technique, nor can any analytical technique, properly account for non-uniform sample types.

To perform a comparison between XRF results and laboratory:

1. Collect a sample and prepare it according to the sample preparation guide in Appendix 1.
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2. Take a sub-sample (5-10 grams) of the fully-prepared sample, place it into an XRF cup
and perform at least a one-minute test on that sample.

3. Send the same sample to the laboratory for wet chemistry analysis.

4. Require the laboratory to use a total-digestion method. If the laboratory does not use a
total digestion method, they may not extract all of the elemental metal from the sample.
In this case, the lab result will be lower than the XRF result. Incomplete sample
digestion is one of the most commons sources of laboratory error, thus it is very
important to request a total digestion method.

Example of Error: The operator collects a bag of sample, performs XRF analysis on one part of the bag,
and sends the bag, or part of the bag of sample to a laboratory for analysis. The laboratory reports a very
different value than the operator obtained with the XRF.

Problem: Since the sample is very non-homogeneous, the operator did not obtain a result that was
representative of the entire bag of sample. The lab analyzed a different part of the sample and obtained a
very different result due to the non-uniformity of the sample. The solution to this problem is, at a
minimum, to test several locations in the bag of sample and report the average value. Also note the
differences between the tests, as this is indicative of the non-uniformity of the sample. Operator should
send entire bag of sample to the lab, and instruct lab to prepare the sample before removing sub-sample for
lab analysis.

Best Practice: The operator should homogenize and prepare the entire bag of sample, and then
collect a sub sample for XRF testing. After testing, the same sample should be sent to the lab.

Section 7: Common Interferences:

An interference occurs when the spectral peak from one element overlaps either partially or
completely with the spectral peak of another. If the XRF is calibrated for both elements (CASE
1) i.e. the one causing the interference and the one being interfered with, it is generally capable of
correctly handling the interference. In this case, the element being interfered with may be
measured with a poorer detection limit or poorer precision, but the analytical results should still
be acceptable for field-portable XRF. If the XRF is not calibrated for the element causing the
interference (CASE 2), then the XRF may report the presence of elements not in the sample, or
greatly elevated concentrations of elements in or not in the sample.

Example CASE 1: Lead and arsenic. Most XRFs are calibrated for lead and arsenic. Lead
interferes with arsenic (not vice-versa though). The net effect is a worsened detection limit for
arsenic, and poorer precision. The XRF handles the correction automatically, but the precision is
affected. The loss of precision is also reported by the XRF. (Please refer to Innov-X
Applications Sheet: In-field Analysis of Lead and Arsenic in Soil Using Portable XRF for more
detail).

Example CASE 2: Bromine in the sample, but XRF is not calibrated for bromine. Bromine, as a

fire retardant, is being seen more and more in soil and other sample types. For this reason, Innov-
X analyzers include Br in the calibration data. If Br is not calibrated, but is present in the sample,
the analyzer will report highly elevated levels of Pb, Hg and As. The levels will depend upon the
concentration of Br in the sample.
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Interferences between elements can be broadly categorized into a) Z, Z-1, Z+1 interferences, and
b) K/L interferences. Interference type “a” occurs when high levels of an element of atomic
number Z are present. This can cause elevated levels of elements with atomic number Z-1 or
Z+1. Generally, portable XRFs have good correction methods, so this interference only causes
problems with very high levels of the element in question. Example: High concentrations of Fe
(Z=26) in excess of 10% may cause elevated levels of Mn or Co (Z=25 or Z=27 respectively).

The type “b” interference occurs when the L-shell line of one element overlaps with the K-shell spectral
line of another element. The most common example is the lead/arsenic interference where the L-alpha line
of lead is in nearly the exact same location as the K-alpha line of arsenic.
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Collect 50-100g Sample

Dry (if necessary)

Sieve using 2mm Mesh

Place 5-10g Sample into XRF test cup

y

Test with Innov-X Analyzer

y

Record Test 1 Results for comparison

Grind remaining sample material using a
Mortar/Pestle or Grinder
|
2 v
Sieve thru 250pum mesh Optional : Sieve Thru
125pm mesh

XRF test cups

Place in 5-10g Sample in

J

Test with Innov-X Analyzer (Test 2

and Optional Test 3)

Record Test 2 and Optional Test 3 Results for comparison

v

Take Sub Sample for
Lab Analysis.

Compare Test 1with Test 2 Results and Optional Test 3 Results
If results change by If results change by >20%
<20% from Test 1 to from Test 1 to Test 2,

Test 2 then only sieve sieve thru at least 250um
thru 2mm mesh. mesh

4

Send out to Independent
Lab for results. Use
Total Digestion Method.
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Confirm results are
consistent with Test 2
and Optional Test 3
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Appendix 3: Guide to Product Registration

Generally, the Innov-X portable XRF system must be registered in the state of usage. Registration
requirements are somewhat state dependent, but there are many similarities. You may contact Innov-X at
866-4-Innov-X (781-938-5005) to receive specific registration information. Innov-X also maintains sample
registrations for every state that we can forward to you.

Common Registration Features:

Most states require the following for registering an x-ray emitting device that does NOT use radioactive
sources:

1. Registration within 30 days of receipt of the analyzer.
2. Annual fee ranging from $25 to $100, depending upon the state.
3. Basic registration form with main information described below.

Common information required on Registration Form, and responses:

Company name, address, phone/fax numbers.

Name of responsible person: Generally the person designated as the Radiation Safety
Officer (RSO).

Name of the manufacturer: Innov-X Systems, Inc., Woburn, MA

‘Model of Analyzer: Alpha XXXX

Tube Operating Parameters: 40 kV, 20 uA current.

Type of Analysis: Choose Analytical or Industrial
(as opposed to radiography, medical, dental, veterinarian, etc.)

Utilization Mode: Portable or Mobile assuming you will carry system to different
locations.

Fixed or stationary ONLY if you will always use the analyzer
in the docking station

Soil Appendix 17 Innov-X User Manual Version 2.1



General Appendix 1

Technical Specifications

Description:

Innov-X Systems analyzers are hand-held, battery operated energy dispersive x-ray
fluorescence analyzers. They are utilized for the detection and quantification of
elements ranging from phosphorus (atomic number 15) though uranium (atomic number
92). Measurable concentrations of elements range from ppm to 100%.

Weight:
Excitation Source:
Detector:

Power:

Battery Life:
Display:

Data Storage:
Computer:

Optional Accessories:

2.625 lbs (Base wt.) 3.375 1bs (1.6 kg) with batteries

X-ray tube, Ag or W anode, 10-40 kV, 5-50 uA, 5 filter positions

Si PiN diode, thermoelectrically cooled, resolution < 280 eV.

Li-ion batteries, or AC power with Testing Stand

4-8 hours, depending on duty cycle.

Color, high-resolution touch screen with variable backlighting on
analyzer. Software available for PC/laptop operation also.

10,000 tests with spectra minimum, expandable to 100,000+ with 1 Gb
flash card.

HP iPAQ with Intel processor, 64 Mb minimum memory, Windows CE
operating system (unless operated from PC).

Bluetooth wireless printing and data transfer, integrated bar-code reader,
wireless LAN, other standard PDA accessories.

Operating Conditions

Temp 0-40°C

Humidity 10— 90 % RH, no condensation
Altitude rating 2000 meters
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Innov-X Analyzer Limited Warranty

General Terms

EXCEPT AS EXPRESSLY SET FORTH IN THIS LIMITED WARRANTY, INNOV-
X SYSTEMS, INC. (INNOV-X) MAKES NO OTHER WARRANTIES OR
CONDITIONS, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. INNOV-X EXPRESSLY DISCLAIMS ALL WARRANTIES AND
CONDITIONS NOT STATED IN THIS LIMITED WARRANTY. ANY IMPLIED
WARRANTIES THAT MAY BE IMPOSED BY LAW ARE LIMITED IN DURATION
TO THE LIMITED WARRANTY PERIOD.

This Limited Warranty applies to Innov-X analyzers sold or leased from Innov-X
its affiliates, authorized resellers, or country distributors (collectively referred to in
this Limited Warranty as (“Innov-X")).

Innov-X warrants that the analyzer and all its internal components that you have
purchased are free from defects in materials or workmanship under norrnal use
during the Limited Warranty Period. The Limited Warranty Period starts on the
date of shipment by Innov-X. You may be required to provide proof of purchase
or lease as a condition of receiving warranty service. You are entitled to warranty
service according to the terms and conditions of this document if a repair to your
Innov-X analyzer is required within the Limited Warranty Period.

During the Limited Warranty Period, Innov-X will repair or replace the defective
cornponent parts. All component parts rernoved under this Limited Warranty
become the property of Innov-X. In the unlikely event that your Innov-X analyzer
has a recurring failure, Innov-X, at its discretion, may elect to provide you with a
replacement unit of Innov-X’s choosing that is at least equivalent to your Innov-X
analyzer. This is your exclusive remedy for defective products. The repaired or
replacement analyzer is warranted for the remainder of the limited Warranty
Period.

YOU SHOULD MAKE PERIODIC BACKUP COPIES OF THE DATA STORED ON
YOUR ANALYZER AS A PRECAUTION AGAINST POSSIBLE FAILURES,
ALTERATION, OR LOSS OF THE DATA. BEFORE RETURNING ANY UNIT FOR
SERVICE, BE SURE TO BACK UP DATA AND REMOVE ANY CONFIDENTIAL,
PROPRIETARY, OR PERSONAL INFORMATION. INNOV-X IS NOT
RESPONSIBLE FOR DAMAGE TO OR LOSS OF ANY PROGRAMS, OR DATA.
INNOV-X IS NOT RESPONSIBLE FOR THE RESTORATION OR
REINSTALLATION OF ANY PROGRAMS OR DATA OTHER THAN SOFTWARE
INSTALLED BY INNOV-X WHEN THE ANALYZER IS MANUFACTURED.



Innov-X does not warrant that the operation of this analyzer will be uninterrupted
or error-free. Innov-X is not responsible for damage that occurs as a result of
your failure to follow the instructions that came with the Innov-X analyzer.

This Limited Warranty does not apply to expendable parts. This Limited Warranty
does not extend to any analyzer from which the serial number has been removed
or that has been damaged or rendered defective (A) as a result of accident,
misuse, abuse, or other external causes; (b) by operation outside the usage
parameters stated in user documentation that shipped with the product; (c) by
modification or service by anyone other than (i) Innov-X, or(ii) a Innov-X
authorized service provider, (d) installation of software not approved by Inrov-X.

These terms and conditions constitute the complete and exclusive warranty
agreement between you and Innov-X regarding the Innov-X analyzer you have
purchased or leased. These terms and conditions supersede any prior
agreements or representations --- including representations made in Innov-X
sales literature or advice given to you by Innov-X or any agent or employee of
Innov-X --- that may have been made in connection with your purchase or lease
of the Innov-X analyzer. No change to the conditions of this Limited Warranty is
valid unless it is made in writing and signed by an authorized representative of
Innov-X.

Limitation of Liability

IF YOUR INNOV-X ANALYZER FAILS TO WORK AS WARRANTED ABOVE,
YOUR SOLE AND EXCLUSIVE REMEDY SHALL BE REPAIR OR
REPLACEMENT. INNOV-X'S MAXIMUM LIABILITY UNDER THIS LIMITED
WARRANTY IS EXPRESSLY LIMITED TO THE LESSER OF THE PRICE YOU
HAVE PAID FOR THE ANALYZER OR THE COST OF REPAIR OR
REPLACEMENT OF ANY COMPONENTS THAT MALFUNCTION IN
CONDITION OF NORMAL USE.

INNOV-X IS NOT LIABLE FOR ANY DAMAGE CAUSED BY THE PRODUCT
OR THE FAILURE OF THE PRODUCT TO PERFORM INCLUDING ANY LOST
PROFITS OR SAVINGS OR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES. INNOV-X IS NOT LIABLE FOR ANY CLAIM MADE BY A THIRD
PARTY OR MADE BY YOU FOR A THIRD PARTY.

THIS LIMITATION OF LIABILITY APPLIES WHETHER DAMAGE ARE
SOUGHT, OR A CLAIM MADE, UNDER THIS LIMITED WARRATNY OR AS A
TORT CLAIM (INCLUDING NEGLIGENCE AND STRICT PRODUCT LIABILITY),
A CONTRACT CLAIM, OR ANY OTHER CLAIM. THIS LIMITATION OF
LIABILITY CANNOT BE WAIVED OR AMENDED BY ANY PERSON. THIS
LIMITATION OF LIABILITY WILL BE EFFECTIVE EVEN IF YOU HAVE
ADVISED INNOV-X OR AN AUTHORIZED REPRESENTATIVE OF INNOV-X
OF THE POSSIBILITY OF ANY SUCH DAMAGES.
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Software

This Limited Warranty does not warrant software products. The Innov-X software
installed on your analyzer is covered by the Innov-X Software License.

Warranty Period

The warranty period for a Model XT-245 or Model XT-260 Innov-X analyzer is
two years or four thousand hours of use, whichever occurs first. The warranty for
all other analyzers is one year or two thousands hours of use whichever occurs
first. This warranty does riot extend to expendable parts. Extended warranties
are available from Innov-X.

Warranty Returns

A Return Material Authorization (RMA) Number must be obtained from the
INNOV-X Service Department before any items can be shipped to the factory.
Returned goods will not be accepted without an RMA Number. Custorner will
bear all shipping charges for warranty repairs. All goods returned to the factory
for warranty repair should be properly packed to avoid damage and clearly
marked with the RMA Number.

Warranty Repairs
Warranty repairs will be done either at the customer's site or at the INNOV-X
plant, at our option. All service rendered by INNOV-X will be performed in a
professional manner by qualified personnel.
Contacting Innov-X
Be sure to have the following information available before you call Innov-X:

« Analyzer serial number, model name, and model number

« Applicable error messages

+ Description of problem
« Detailed questions

Methods of Contact
* Phone: 781-635-5005
+ Fax 781-938-0128
+  Email service @ Innov-Xsys.com

+ Mail & Shipping Address: Innov-X Systems, Inc. 100 Sylvan Road,
Suite 100 Woburn MA 01801



