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Dear Mr. Sinclair:

This transmits International Uranium (USA) Corporation’s (“TUSA’s™) Contaminant
Investigation report entitled Update to Report -“Investigation of Elevated Chloroform
Concentrations in Perched Groundwater at the White Mesa Uranium Mill near Blanding,
Utah”. This report is an update to the Contaminant Investigation Report (the “CIR”) that
JUSA submitted to the Utah Department of Environmental Quality (“UDEQ”) on
October 4, 2000 IUSA and HGC, 2000), and addresses questions raised by UDEQ’s
letter to IUSA in response to the CIR dated June 7, 2001. Items addressed in this report
are also pursuant to a meeting between IUSA and UDEQ on October 5, 2001.

Please note that this report includes a recommendation for installing two additional
temporary wells, for the purpose of additional delineation of the areas of the perched
zone containing chloroform, and in the locations discussed during the meeting with
UDEQ. IUSA would like to install these two additional wells during the week of
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December 3, 2001, so that the wells can be sampled during the first quarter 2002
sampling event. Should you have any questions or comments concerning this or any
other part of this report, please contact me at 303.389.4131.

Sincerely,

Michelle R. Rehmann
Environmental Manager

cc/att: Larry Mize, UDEQ Division of Water Quality
Loren Morton, UDEQ Division of Radiation Control
Ron F. Hochstein, JUSA
David C. Frydenlund, IUSA
Harold R. Roberts, JUSA
Richard E. Bartiett, [USA
Ron E. Berg, IUSA
Stewart J. Smith, Hydro Geo Chem
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1. INTRODUCTION AND SUMMARY

International Uranium (USA) Corporation (“IUSA”) submitted a Contaminant
Investigation Report entitled “Investigation of Elevated Chloroform Concéntrations in Perched
Groundwater at the White Mesa Uranium Mill near Blanding, Utah” (the “CIR”) to the Utah
Department of Environmental Quality (“UDEQ”) on October 4, 2000 (IUSA and HGC, 2000).
This report has been prepared as an update to the CIR, and to address questions raised by
UDEQ’s letter to IUSA dated June 7, 2001 in response to the CIR. Items addressed in this report

are also pursuant to a meeting between IUSA and UDEQ on October 5, 2001.

This report discusses analytical results to date, trends in chloroform concentrations in the
vadose or perched water zones at the site, and additional delineation of the areas of the perched
zone containing chloroform. This report also discusses the potential for degradation of

chloroform in the perched water and the feasibility of enhancing in-situ reductive dechlorination

of chloroform.

Important results of the investigation to date are that:

1. The data do not indicate that chloroform DNAPL exists at the site either in the vadose
zone or the perched water zone.

2) The data do not indicate that a continuing chloroform source exists.

3) Data are consistent with the abandoned scale house leach field as the source for the
MW-4 chloroform, and for the chloroform to have entered the perched water as a
“slug” over a relatively short period of time (1-2 years).

4) Additional wells are needed to delineate the chloroform plume to the west and
northwest of MW-4.
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5) Rapid degradation of chloroform in the perched water is unlikelsr without

enhancement. _

Additional delineation of the chloroform in the perched water is proposed to be
accomplished by adding two new temporary wells to the west and northwest of MW-4, and by
vertical profile sampling in selected wells, to define the chloroform concentrations in three
dimensions. Additional characterization of groundwater gradients in the northeast portion of the
site, which have been changing and may affect chloroform migration in the perched water, will
be accomplished by phased installation of piezometers. In addition, IUSA will continue to
perform quarterly monitoring of chloroform and will transmit such data to the UDEQ in

accordance with a schedule provided herein.
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2. DNAPL ISSUES

UDEQ has egpressed concern that dense, non-aqueous phase liquid (DNAPL)
chloroform may exist in the vadose and perched water zones in the vicinity of MW-4 and the
abandoned scale house leach field. This section uses existing soil gas and groundwater data
from the site to demonstrate that DNAPL does not exist in either the vadose or perched water

zones at the site, and that no evidence for continuing chloroform source exists.

2.1  Vertical Profiling of Existing Perched Wells

Initial sampling to evaluate the potential for stratification of chloroform concentrations
was conducted in the fall of 1999, and reported in the CIR. As indicated in the CIR, multi-depth
sampling of MW-4 was conducted during the week of September 27, 1999. Two samples were
collected, one from the top of the water column (approximately 70-73 feet bls) and one from the
base of the water column (approximately 117-120 feet bls). The shallow sample was collected
first. Both samples were collected using disposable teflon bailers. Samples were collected

without purging the well, to prevent disturbance of the water column.

Samples were collected in 40 ml VOA vials, with no headspace, capped, labeled, and
stored in a cooler with blue ice at 4°C for shipment to the offsite analytical laboratory (Energy
Laboratories, Casper, Wyoming). Chloroform was detected in the shallow sample at a
concentration of 6,200 pg/L, and in the deep sample at a concentration of 5,820 pg/L.. Because
concentrations did not increase with depth, the presence of DNAPL (i.e., free chloroform

product) was not indicated in MW-4.
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As UDEQ has requested further evaluation of the vertical distribution of chloroform
concentrations, a Sampling Plan, with the Data Quality Objective of evaluating the potential for
stratification of chloroform concentrations in the Chloroform Investigation wells, will be
developed. This Sampling Plan will include the following key features:

o Procedure to collect samples from discrete depths using disposable bailers with

double check values

« Requirements for field records

« Methodology for evaluation of results

« Evaluation of the feasibility of testing experimental USGS procedure using passive
diffusion bags in at least one well, to provide comparison to conventional method

results

e This sampling will take place in the first quarter of 2002

Appendix A contains manufacturer specifications for disposable bailer designed to collect

samples from discrete intervals in groundwater.

2.2 Potential for DNAPL to Exist in the Vadose Zone

Soil gas sampling is a useful means to detect the presence of pure phase volatile organic
compounds (VOC) that reside in the vadose zone. This applies to chloroform, which has a vapor
pressure of 160 mm Hg. As discussed in Appendix B, soil gas concentrations in excess of 10%
of a VOC pure phase saturated vapor pressure are indicati‘ve of the presence of the pure phase.
For chloroform, soil gas concentrations in excess of 100,000 pg/L would be indicative of pure

phase.

The possibility that residual pure phase chloroform exists as a DNAPL within the vadose
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zone beneath the abandoned scale house leach field is not supported by the trace level
soil gas chloroform concentrations measured in the vicinity in 1999 (<1 pg/L). The measured
concentrations are indicative of low concentrations of chloroform dissolved in vadose pore
waters. Furthermore, the possibility that DNAPL exists within the perched zone is not supported
by the relatively low chloroform concentrations detected at wells TW4-5 and TW4-9, which are

the temporary wells located closest to the leach field (Figure 1).

2.3 Evaluation of the Potential for DNAPL to Exist in the Saturated Zone

The possibility that chloroform DNAPL may exist in the perched zone beneath the
abandoned scale house leach field and/or may traveled downgradient along the Brushy Basin
contact toward MW-4 is remote. This possibility is not supported by data collected from the

temporary perched wells at the site or from MW-4.

2.3.1 Detected Concentrations with Respect to Chloroform Solubility

Perched water chloroform concentrations exceeding 1% of the solubility of chloroform
(8,000-10,000 mg/l) would have to exist to indicate the presence of DNAPL (Cohen and
Mercer, 1993). The highest groundwater concentrations detected at the site (<7 mg/L.) are more
than 3 orders of magnitude lower than the solubility of chloroform. While the solubility of
chloroform in the perched water may be slightly depressed by the presence of .trace
concentrations of carbon tetrachloride (500 mg/L. dissolved in the pure chloroform used in the
ore assay lab as suggested in UDEQ’s June 7, 2001 letter to IUSA) and by the presence of

inorganic solutes in the perched water, as detailed below, it can be demonstrated that this

depression is not significant.
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The effect of 500 mg/l carbon tetrachloride contaminant on the solubility of chloroform
used at the site would be negligible, potentially lowering the solubility by léss than 0.05%,
because the mole fraction of carbon tetrachloride in the mixture would be less than 0.05%. The
presence of significant concentrations of other solvents in perched groundwater near MW-4,
which could potentially lower the solubility of chloroform, is not supportéd by past ahalytical
results. Furthermore, as detailed below, the impact of salinity on chloroform solubility, which

will depend on the concentrations of salts in the water, is also not significant.

The solubility of a neutral organic compound such as chloroform in water containing
dissolved inorganic salts is generally lowered as the concentration of the inorganic salts increases
(Schwarzenbach, 1993; Garrels and Christ, 1965; and Harned and Owen, 1950).  The depression
of solubility is generally not significant, unless the concentration of the salts is greater than about
0.1 molar (M). At MW-4, the dominant anion is sulfate, which averages approximately 2,000
mg/l, or 0.021M, based on daté presented in TITAN, 1994. The average concentrations of
chloride, sodium, calcium, and potassium ions average approximately 0.0013M, 0.014M,
0.010M, and 0.0003M, respectively, at MW-4. These concentrations are too low to have a
significant effect on the solubility of chloroform in the perched water, at most reducing solubility
by a few percent. Even in seawater, where salt concentrations are orders of magnitude higher
than in the perched water, the depression of solubility of neutral organic compounds is typically
less than a factor of 2 (Schwarzenbach, 1993).

Schwarzenbach, 1993, provides a methodology for estimating the impact of salinity on
the solubility of neutral organic compounds. Salting constants (K) for various types of salts are
provided, with the highest that of sodium sulfate (Ks = 0.55). Using the formula provided in

Schwarzenbach,
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C sat

- =K o[sall] al

wtsalt ~ 10 Lo ¢ C;:

where C . = solubility of neutral organic compound in salty water,
Ks = salting constant,

C:* = solubility of neutral organic compound in pure water,
and assuming that
K= 0.55, and

[salt] = [SO4] = 0.021M,

the solubility of chloroform in perched water is calculated as 0.975 C:* or 97.5% of the
solubility in pure water, a reduction in solubility of less than 3%.

The actual reduction in solubility is likely to be lower for chloroform, however, because
the salting-out effect is lower for polar organic compounds (Schwarzenbach, 1993). Because
chloroform is somewhat polar, owiﬁg to it’s asymmetry, which accounts for it’s high solubility
(10 times that of carbon tetrachloride, which is non-polar), the actual depression of chloroform
solubility in perched water is likely to be less than 2.5%. Because the estimated reduction in
chloroform solubility is so small, and is nearly an order of magnitude lower than typical
laboratory analytical error of + 20%, the effect of perched water salinity on the solubility of
chloroform can be ignored.

Furthermore, the assumption that DNAPL is not indicated unless dissolved groundwater
concentrations greater than 1% of the solubility of the pure product are detected (Cohen and
Mercer, 1993) is considered reliable because the lowering of solubility by other factors such as

the presence of other solvents, is taken into account in this assumption.
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2.3.2 Comparison of MW-4 to Nearby Temporary Wells

Chloroform concentrations in the past have been higher at MW-4 in comparison with
nearby temporary wells, although these differences have been slight in recent sampling events.
The differences do not indicate DNAPL that may be present at MW-4 or that these differences
result from well construction factors, possibilities suggested in UDEQ’s June 7, 2001 letter.

Recently measured chloroform concentrations at MW-4 are not signiﬁcahtly higher than
at nearby temporary wells. Concentrations at TW4-1 and .TW4-2, located immediately
downgradient and upgradient, respectively, of MW-4, are within approximately 5% and 12%,
respectively, of concentrations at MW-4 as of the June 2001 sampling (Figure 1).
Concentra}tions at MW-4 are within 8% of concentrations at TW4-2 in the September, 2001
sampling. (Concentrations between MW-4 and TW4-1 cannot be compared for the September,
2001 sampling because the TW4-1 sample vial broke in transit to the laboratory and no analysis
was performed). These results suggest that differences in concentrations are more likely the
result of recovery than well construction factors or the potential presence of DNAPL at MW-4 as
suggested by UDEQ. Differences in concentration between MW-4 and nearby temporary wells
would be expected to be much larger if DNAPL were present near MW-4. The slightly lower
concentrations at the nearby temporary wells, and the reduction in the differences in nearby
temporary wells relative to MW-4 over time are consistent with recovery of temporary wells
from the air rotary drilling process (as discussed in Section 3). In other words, the reason that
MW-4 has had the highest concentrations is more likely due to its age rather than construction.

Furthermore, it is highly unlikely that chloroform DNAPL could have migrated more
than 1,200 feet from the source area (the abandoned scale house leach field) to the vicinity of

MW-4. The Burro Canyon/Brushy Basin contact is an erosional surface with numerous small-
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scale irregularities that would prevent movement of any DNAPL very far from the source area.
Even if small scale irregularities did not prevent the movement, the farther the DNAPL moved
from the source area, the more spread out it would become, exposing more surface area to the
groundwater and making it easier to dissolve. Also, it can be demonstrated that more than
sufficient volume of water has passed beneath the abandoned leach field source area to have

dissolved all of the chloroform potentially disposed there.

Assuming the following conditions,
Width of abandoned leach field = 20 feet
Average saturated thickness = 30 feet (conservative)

Average hydraulic gradient = 0.016 fuft
Average hydraulic conductivity = 1 ft/day

Approximately 520,000 gallons of perched water have passed beneath the leach field over the
past 20 years. (The average hydraulic conductivity was based on the results of a pump test at
MW-4 in 1999, which yielded a transmissivity of 38.4 ft* /day. Dividing this by the saturated
thickness of the perched zone at that time, approximately 40 feet based on a depth to the Brushy
Basin of 108 feel bls depicted in the geophysical log of MW-4, yields an average hydraulic
conductivity of 1 foot/day.) Assuming a solubility of chloroform of 8,000 mg/l, or 5 x 107
gallon chloroform/gallon water, sufficient perched water has flowed beneath the source area to

have dissolved more than 10 times the amount potentially used in the ore assay laboratory.

2.3.3 Vertical Profiling of MW-4

As stated above under 2.1, previous vertical profile sampling of MW-4 in 1999 did not

indicate that concentrations increased with depth, as would be expected if DNAPL existed near

MW-4.
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Samples were collected from depths of approximately 71 feet bls (approximately 2 feet
below the top of the water column) and from near the base of the well (approximately 118 feet
bls) using a disﬁosable bailer. The shallow sample was collected first, then the deep sample. If
chloroform DNAPL were present at the base of the well, concentrations would be expected to be
significantly higher there than at the top of the water column. Instead, sampling results showed
no significant difference in concentration between the deep and shallow samples. Chloroform
was detected at a concentration of 6,200 pg/L in the shallow sample and a concentration of 5820
5,280 pug/L in the deep sample.

More rigorous vertical profile sampling of MW-4 is proposed to characterize the vertical

distribution of chloroform concentrations at the site as discussed above in Section 2.1.

2.4 Brushy Basin Contact

UDEQ has expressed concern that the Brushy Basin contact at MW-4 may be depressed
and may harbor a pool of chloroform DNAPL. This concern is based on a reported contact depth
of 125 ft below land surface (bls) at MW-4. However, the Brushy Basin contact at MW-4 is
considered to be at a depth of 108 ft bls based on lithologic logs of nearby temporary wells TW4-

1, TW4-2, TW4-7 and TW4-8, and on the geophysical log for MW-4 provided in TITAN, 1994,

The geophysical log for MW-4 provided in TITAN, 1994, depicts the Burro
Canyon/Brushy Basin contact at 108 ft bls. This depth is consistent with the lithologic logs of
nearby temporary perched monitoring wells TW4-1, TW4-2, TW4-7, and TW-4-8, which depict
the contact at approximately 103 ft, 105 ft, 98 ft, and 105 ft bls, respectively. This would place
the base of the screened interval of MW-4, which extends to 112 ft bls, approximately 4 feet

below the contact.
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The 125 foot depth that has been previously reported for the Brushy Basin at MW-4 is
apparently based on the well completion diagram provided in TITAN, 1994, QMch depicts a
contaét between “sandstone” and “claystone” at 125 ft bls. However, no additional lithologic
information is provided to indicate whether the “sandstone” is continuous from the surface to
125 ft bls, or whether the “sandstone” is a lens or l.ayer encountered withih the Brushy Basin.

The formation names are also not designated on the diagram.

During drilling of temporary wells TW4-3 and TW4-7, the borings were -ex'tended into
the Brushy Basin to characterize the lithology of the uppermost portion of the formation. Thin
layers or lenses of sandstone and/or conglomeratic sandstone were found at a depth of
approximately 108-112 ft bls in TW4-7, 10 feet below the Brushy Basin contact, and depths of
approximately 125-132 ft bls in TW4-3, 25 feet below the contact. These lenses or layers in the
Brushy Basin were separated from the base of the Burro Canyon by shales, siltstones and
claystones. These low permeability materials would hydraulically isolate the lenses or layers of

sandy/conglomeratic material within the Brushy Basin from the Burro Canyon.

With regard to the geophysical log of MW-4, there is a clear response in the natural
gamma at 108 ft bls. This response is also consistent with the natural gamma response at the
Brushy Basin contact as depicted in other geophysical logs at the site and is consistent with the
lithology logged at nearby temporary wells. Because the geophysical log depicts the Brushy
Basin contact at 108 ft bls in MW-4 and because this is consistent with lithologic logs of nearby

temporary wells, the 108 foot depth is considered reliable.

Therefore, any DNAPL potentially present near MW-4 would be expected to enter the

well screen, and to raise the measured chloroform concentrations at MW-4 nearer the solubility
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of chloroform (8,000-10,000 mg/l). Because the measured concentrations of chloroform at MW-
4 are more than 3 orders of magnitude lower than the solubility, no DNAPL is indicated.
Furthermore, if DNAPL were present near MW-4, concentrations should be at least one to two
orders of magnitude higher that at TW4-1, TW4-2 and TW4-4, rather that only 5%, 12%, and

48% higher as of the June, 2001 sampling.

Installation of an exploratory boring near MW-4 as suggested by UDEQ to characterize
the contact is not considered necessary based on the geophysical log of MW-4 provided in
TITAN, 1994, the lithologic logs of nearby temporary wells, and the lack of evidence for
DNAPL in the analytical data. The depth to Brushy Basin of 108 feet bls depicted on the
geophysical log of MW-4 is consistent with the depths provided in the nearby lithologic logs and

is considered reliable.

A contour map of the top of the Brushy Basin, using the 108 ft depth at MW-4, is

provided in Figure 2.
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3. ADDITIONAL PLUME DELINEATION

UDEQ has expressed concern that more temporary perched wells are needed to define the
extent of chloroform in the perched water, and that piezometers are needed in the northeast
portion of the site to better define changing water level gradients and to identify sources of
recharge. This section discussed the distribution of chloroform in the perched water both
spatially and temporally, the need for new temporary wells to the west and northwest of MW-4
based on observed trends in the chloroform data, and the relationship of chloroform to nitrate

which is consistent with a leach field origin.

3.1  Analytical Results from Temporary Wells

Chloroform analytical results for MW-4 and temporary wells are shown in Figure 1. The
chloroform plume is bounded to the south (downgradient) by non-detect results at TW4-6,
although the recent detection of 3.6 pg/L chloroform at TW4-6 may indicate arrival of
chloroform at that well. The upgradient well (TW4-5) and lateral wells (TW4-7 and TW4-8)
show chloroform concentrations in excess of 100 pg/L, although concentrations at these wells

are much lower than at MW-4, TW4-1 and TW4-2.

The increases in concentration detected in most of the temporary wells after installation
are most likely related to recovery of concentrations that were lowered as a result of the air
rotary drilling method, and the generally long recovery times expected when wells are installed
in low permeability formations. Temporary wells located downgradient (south) of MW-4 are

affected by both the recovery process and by continued southerly migration of the chloroform
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plume. These and other temporal trends will be discussed further in Section 3.5. IUSA will

continue to monitor and report results to the UDEQ.

3.2  Hydraulic Gradient in the Vicinity of MW-4

The hydraulic gradient in the vicinity of MW-4 has historically been to the south (IUSA

and HGC, 2000). Recent water level contour maps are provided in Figures 3 and 4.

The change in water levels and change in hydraulic gradient to a more westerly direction
in the vicinity of the abandoned leach field are recent, and the direction of the hydraulic gradient
during most of the period of migration of the plume was southerly. A southerly gradient still
exists near MW-4 and at the downgradient edge of the plume. The recently detected more
westerly hydraulic gradient near the scale house leach field is of no concern unless a residual
chloroform source is present, but the assumption of a residual source is not supported by any of
the soil gas or groundwater data collected to date. IUSA plans to install piezometers, in a phased
fashion, in the northeast portion of the site to further investigate the increase in water levels and
change in hydraulic gradient. This work will be described in a report to UDEQ due on

November 16, 2001.

The water level map provided by UDEQ in their June 7, 2001 letter to IUSA indicates a

concern as to whether or not there may be a possible groundwater mound near MW-4.

This feature is likely not a mound but the result of locally semi-confined conditions
related to the stratigraphy of the perched zone. This type of feature is common in water table

aquifers even where the hosting lithology consists of unconsolidated layered sands and gravels
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with local interbeds of silt and clay. These small-scale fluctuations in the regional flow field can

be ignored when considering the large scale flow of groundwater and transport of solutes.

3.3 Need for Additional Wells to Delineate Chloroform in the Perched Zone

The vertical dimension of the chloroform in perched water will be addressed by vertical
profile sampling as discussed in Section 2.1. The lateral dimension of the plume is defined in
large part by the existing temporary well network but further delineation is likely needed to the
west and northwest of MW-4. Additional downgradient delineation may be needed in the future

as the plume continues to move to the south.

UDEQ provided a chloroform isoconcentration map in its June 7, 2001 letter to TUSA.
While this map indicates that further lateral delineation of the plume is needed, to the west and
northwest of MW-4, the chloroform isoconcentration map prepared by UDEQ displays a number
of features that are not hydrogeologically reasonable. These features are related to:

1) Non-uniform distribution of input data leading to unavoidable errors in computer
gridding and contouring unless specific measures are taken to counteract them,

2) The impossibility of providing hydrogeologic input to the computer gridding and
contouring algorithm such as, for example, historical groundwater gradient
information, and

3) The assignment of detectable chloroform concentrations to downgradient wells that
have always been non-detect for chloroform

Some of the resulting erroneous features displayed in the map include the following:

1) The depicted plume extends farther cross-gradient and up-gradient than down-
gradient which is not hydrogeologically reasonable.
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2) The detectable chloroform isoconcentration contours extend up to and beyond wells
that have always been non-detect for chloroform, which is not hydrogeologically
reasonable.

3) “Bulls eye” features occur that are related to the non-uniform distribution of data,
choice of gridding parameters, and unavoidable limitations of the gridding and
contouring package. There is no hydrogeologic mechanism that can result in such
features. ’

4) Unless chloroform is actually detected at the downgradient wells, the downgradient
edge of the plume will always be at or just beyond these same wells that are non-
detect for chloroform, resulting in a plume whose extent is time independent. This is
not hydrogeologically reasonable unless a steady-state condition has been reached.

The apparent northwest trend in the isoconcentration contours in the map produced by
UDEQ is an artifact resulting partly from the well density west and northwest of MW-4, and
partly from the non-uniform distribution of data, the lack of hydrogeologic input in producing
the map, and the assignment of detectable chloroform concentrations to wells that have been

non-detect for chloroform.

TUSA proposes to install two new temporary wells to the west and northwest of MW-4,
as shown in Figure 5, to help delineate the extent of the plume to the west and northwest where
control is poor. Additional wells to the east and south may be considered at a later time based on

the results of continued monitoring at the site.
3.4  Temporal Trends in Chloroform Concentrations and Relationship to Nitrate

Figure 1 shows the chloroform concentrations over time measured in MW-4 and
temporary wells near MW-4. As discussed in section 3.1, initial increases in most of the
temporary wells are likely related to recovery from the drilling process which used primarily air
as a drilling fluid, and small amounts of water as needed to maintain circulation. Increases at

wells upgradient (north) of MW-4 are most likely due to recovery alone, while downgradient
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wells (south of MW-4) are expected to respond to both recovery and continued downgradient
(southerly) plume movement. For example, the rapid i;lcrease in concentration at TW4-1 after
installation could not likely have resulted from recovery alone, but must also have resulted from
movement of the leading edge of the plume past that well. Increases in concentration from non-
detect to 3,200 pg/L at TW4-4 are also likely to have resulted primarily from continued plume

movement to the south.

Concentrations at upgradient wells TW4-5, TW4-9, and TW4-3 have stabilized or
decreased after the initial increase related to recovery. Concentrations at lateral wells TW4-7
and TW4-9 are stabilizing. These trends are consistent with the initial interpretation of a “slug”
of chloroform entering the perched water over a relatively short period of time (1-2 years) and
migrating downgradient toward MW-4, TW4-1, and TW4-4. The width of the plume near MW-

4 will be addressed by the installation of two new temporary wells to the west and northwest of

MW-4.

Figure 6 is a plot of nitrate concentrations over time at MW-4 and the temporary wells.
There is a clear correlation between chloroform and nitrate concentrations which is consistent
with a leach field origin. Figure 7 is a scatterplot of chloroform vs. nitrate through the

June, 2001 sampling, which illustrates this correlation.
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4. COORDINATES REQUESTED BY UDEQ

A copy of estimated coordinates for the following locations was previously transmitted to UDEQ
on September 7, 2001, and was provided during the meeting on October 5. They are also

provided in this report in Appendix C.

« Former mill office building sanitary leach field,

o Former mill office building laboratory wastewater holding tank and pipeline to
Evaporation Cell 1.

» - Former office trash disposal area
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S. PERCHED ZONE PERMEABILITY

UDEQ has expressed concern about the permeabilities derived from the hydraulic tests at
MW-4, and whether chloroform could have migrated from the abandoned scale house leach field
to MW-4, and whether chloroform could have migrated from the abandoned scale house leach
field to MW-4 via conglomeratic materials logged in temporary wells at the site, as suggested in
the CIR. This section discussed the results of hydraulic testing at MW-4, the probable
coincidence of a high permeability zone evident in the MW-4 test data with conglomeratic
materials logged in nearby temporary wells, and the likelihood that these conglomeratic

materials influence the flow of perched water and transport of chloroform near MW-4.

5.1 Permeability Distribution of the Perched Zone

An updated perched zone permeability map is provided in Figure 8. The permeabilities
plotted on the map are based on the results of pump and slug tests where available, or on
constant head packer tests within the perched zone. Test results by Peel were used where
available, except the value plotted for MW-4 (3.5 x 10™* cm/s), which was based on a
transmissivity of 38 ft*/day measured during a 1999 pump test by HGC. The saturated thickness
at that time was calculated as 39 feet assuming a Brushy Basin contact at 108 ft bls. A detailed

discussion of tests at MW-4 will be provided in a report to UDEQ due on November 16.

5.2  Conglomeratic Zone Near MW-4

Varying thicknesses of conglomeratic material are present below the water table in all
temporary wells north of TW4-1 (Figure 9). The base of this zone is approximately 95 feet bls in
TW4-1, and TW4-2, and approximately 88 ft bls in TW4-7. A higher permeability zone with a
base at a depth of approximately 95 feet below top of casing (btoc) is evident in the drawdown

data collected during a pump test by Peel at MW-4 in 1992 (UMETCO, 1994). During the first
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3 hours of pumping at a constant rate of 0.46 gpm, only about 2 '2 feet of drawdown was
measured. Then, as water levels dropped below approximately 95 feet btoc, the rate of
drawdown increased by about a factor of 30. Similar behavior occurred in a test conducfed at
0.92 gpm, except that the break in slope occurred in about half the time. This behavior is
consistent with dewatering of a higher permeability zone having a base at 95 feet btoc near MW-
4 at about 3 hours into the test. This zone most likely coincides with the conglomeratic zone
logged at nearby temporary wells. Because this conglomeratic zone is present below the water
table at all wells north (upgradient) of TW4-1, and has a relatively high permeability based on
the pump tests at MW-4, it likely influences the flow of the perched water, and therefore the
transport of chloroform, in the vicinity. Furthermore, the least productive temporary wells at the
site, TW4-4 and TW4-6, have very thin conglomeratic zones that are located above the water

- table where they cannot at present affect the movement of perched water at the site.

A detailed discussion of tests at MW-4 and interpretation of results will be provided in a

report to UDEQ due November 16.
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6. ONGOING GROUNDWATER MONITORING AND REPORTING

As stated in Section 5.1 of the CIR, the sampling results to date indicate that elevated
chloroform concentrations are confined to a relatively narrow zone. Elevated chloroform

concentrations have not moved significantly downgradient of TW4-4.

To ensure that samples collected from the temporary wells are representative of the
perched groundwater, continued monitoring has been performed on a quarterly basis in the
temporary wells (TWs) and in MW-4. Measurements have included depth to water, electrical
conductivity, temperature, pH; and chloroform concentration. Nitrate has also been measured in

temporary wells TW4-1, TW4-3, and TW4-4.

Continued potential movement of the elevated chloroform concentrations is being
monitored using the new temporary wells, TW 4-4 and TW 4-6 located downgradient of TW 4-1.
Also, based on hydraulic conductivity estimates at MW-4, and the magnitude of the groundwater
gradient, the trave] times can be used to éstimate the effective porosity of the perched zone in

this vicinity.

IUSA will continue to collect chloroform data- for all of the wells involved in the
chloroform investigation, including well MW-4, all the existing TW-4 series wells, and all future
monitoring wells that are installed to delineate the area of chloroform contamination.

Table 1 is a summary of data collected to date from the TW-4 series wells. Quarterly

analytical results which were not preciously transmitted to UDEQ in split sampling data
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packages for data collected since the transmittal of the CIR to the present are included in

Appendix D.

To ensure adequate time for sample analysis, laboratory data validation, IUSA data
validation, and reporting, IUSA proposes to submit the data, together with the quarterly summary

report, to UDEQ in accordance with the following schedule:

Quarter Submittal Due Date
January - March May 30
April - June August 30

July - September November 30
October - December February 30
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7. ADDITIONAL GROUNDWATER MONITORING PARAMETERS
The primary purpose for measuring additional groundwater parameters within and near
the chloroform plume should be to establish the likelihood that chloroform is degrading naturally

(either chemically or biologically) within the perched water.

The natural degradation pathway for chloroform is for chlorine atoms to be successively
replaced by hydrogen under anaerobic, reducing conditions, via reductive dechlorination.
Chloroform will degrade to its daughter product, dichloromethane (DCM) under these
conditions, and may ultimately degrade to methane. The presence or absence of DCM would

help establish whether or not this process is occurring at a significant rate.

The presence of nitrate concentrations in the perched water near MW-4 that are generally
higher than the chloroform concentrations, however, indicates that groundwater conditions are
not presently favorable for this process. Under conditions favorable for reductive dechlorination,
nitrate will also be expected to degrade, and at a higher rate than chloroform. For this reason,
existing analytical data provides an indirect estimate of redox conditions, which do not appear

favorable for reductive chlorination.

7.1  Dichloromethane Analytical Results From Split Sampling

Previous split sampling analytical results indicate that DCM is not present in perched
water near MW-4 at detectable concentrations (1 pg/L). This is consistent with conditions that

are not favorable for reductive dechlorination of chloroform.
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7.2 Direct Measurement of Redox Conditions in the Field

At UDEQ’s request, IUSA had evaluated the feasibility of obtaining relatively reliable
measurements of reduction-oxidation potential (redox, or ORP) for groundwater, using field
instruments. As described in the U.S.G.S. Field Manual, Chapter 6.5, in contrast to other field
mesaurements, the determination of redox “should not be considered a routine measurement”
and is “not recommended in general because of the difficulties inherent in its theoretical concept
and its practical measurement” (see Appendix D). The U.S.G.S. notes that ;‘Eh measurement
may show qualitative trends, but generally cannot be interpreted as equilibrium values”.
Hydrolab Corporation, the supplier of the Hydrolab Surveyor 4a Instrument currently being used
at the Mill for field measurement of pH, temperature, and electrical conductivity in groundwater,
has indicated that the instrument’s available redox electrode, which can be retrofitted to the
Mill’s instrument, has somewhat improved capability of measuring redox, as compared with
earlier models. Hydfolab’s Tech Note 204 listing parameter specifications is included in
Appendix D. Response time is not specified on Tech Note 204, and JUSA will need to establish
a procedure to determine at what point the redox value would be selected. Also, to avoid
potential exposure to quinhydrone, the Mill would use Zobell solution to calibrate the new redox

electrode, after it has been added to the instrument.
7.3  Feasibility of Enhancing Reductive Dechlorination In-Situ

Reductive dechlorination can be enhanced in-situ by adding substances such as hydrogen
release compound, or substances that accomplish the same purpose such as molasses or ethyl

alcohol, which release hydrogen during fermentation (Odom, Martin J et al, 1995), and mixing
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them with the perched water. The mixing process will be facilitated at the site because
temporary wells currently exist along almost the entire extent of the chloroforrﬂ plume, with a
number of wells completed in that portion of the plume with the highest chloroform
concentrations. Existing data indicate that this process will be feasible, however additional data
will be collected prior to making a final determination of the feasibility anci developing a work

plan for implementation.
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MW-4 and Temporary Perched Well Completion and Analytical Parameters

TABLE 1

TWA41 | TWA2 | TW4-3 | TWA4 | TW45 | TWA6 | TWA7 | TWA-B | TWA9 | MW-4
Appmx'mat(fese‘:r;‘:;‘ed nterval 1 70110 | 80-120 | 67-07 | 72-112 | s0-120 |575-97.5| 80-120 | 85-125 | 80-120 | 92-112
Chloroform (ug/L) v
(1st sampling) 5.8 2,510 702 NS 29.5 NS 256 <1 42 NS
Chloroform (ug/L) '
(2nd sampling) 1,100 | 5520 834 NS | 49 NS 616 21.8 1.88 NS
Chloroform (ug/L)
(3rd sampling) 1,490 NS NS NS NS NS NS NS NS NS
Chlorotorm {ug/L) (initial sampling
of TWA-4 and TWA-6) NS NS NS <0.5 NS <0.5 NS NS NS NS
Chloroform (ug/L) (4th Sampling)
» (2nd sampling of 2230 | 5220 836 <1 124 <1 698 102 14.2 NS
TW4-4 and TW4-6)
Chloroform (ug/L)
(11100 sampling] 3,440 | 4,220 836 3.85 255 <1 684 107 394 | 6470
Chioroform (ug/L.) 2,340 | 3,890 347 2,260 236 <1 747 116 436 | 4,360
(03/01 sampling)
Chioroform (ug/L.) 6,000 | 5,500 390 | 3,100 240 <1 1,100 180 59 6,300
(06/01 sampling)
Chioroform (ugiL) NA | 4900 | 300 | 3200 | 240 36 1200 | 180 19 5,300
(09/01 sampling) v
Nitrate (mg/L) 779 | 107 | 197 | 102 | 316 | <01 199 | <04 | <01 | 937
(11/00 sampling)
Nitrate (mg/L) 745 | 102 | 18 | 145 | 38 | 013 [ 246 | <01 | <01 | 877
(03/01 sampling) ,
Nitrate (mg/L.) 8.81 967 | 261 140 | 647 | <0. 265 | <0.1 0.15 | 9.02
(06/01 sampling)

NS = not sampled
NA = not analyzed

H:/71800/chloroform table 1.xls
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Geotech Disposable Bailers

. Manufactured under strict clean-room conditions
- Made of virgin, FDA approved high-density poly resin
- The polyethylene contains no plasticizers or additives, and no regrinds are accepted

{ o Optional double check valve bailers isolate the sample, sealing as the bailer is
- removed from the well at specific depths

< Certified special clean disposable bailers available upon request

DISPOSABLE ACCESSORIES

. Product sampler for floating hydrocarbons

*+  VOC sampler uses a unique design thét allows sample transfer to VOA vials
with minimal loss of VOCs

REUSABLE BAILERS

. PVC white and clear
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SPECIFICATIONS
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This special disposable bailer provides the convenience of using in-line dispos-a-filters™ in the field even when
pumps are not available. By using a pneumatic hand pump you can filter your samples directly from the bailer,
saving time while maintaining sample integrity.

Each bailer comes complete with a barbed hose adapter for attaching the hand pump to the top of the bailer,
and a special adapter with a notched thread to be used with a dispos-a-filter™ at the bottom. In order to dis-
place the check ball and establish a smooth flow, an additional large barbed removal device is inciuded for bot-

tom emptying without filtering.
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THE USE OF SOIL GAS DATA TO OBTAIN SOIL VOC CONCENTRATIONS
~ AND

TO IDENTIFY THE PRESENCE OF NAPL
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THE USE OF SOIL GAS DATA TO OBTAIN SOIL VOC CONCENTRATIONS
AND TO IDENTIFY THE PRESENCE OF NAPL

1. Conversion of Soil Gas Concentrations to Soil Concentrations

The concentration of a VOC in soil gas can be converted to its total concentration in the soil
by considering the equilibrium laws governing the partitioning of the VOC between the gas, liquid,
_ and solid phases. The reasoning and methodology are as follows:

Unless a separate liquid phase of VOC, i.e., a NAPL, is present, the soil gas concentration
is controlled by the distribution of the VOC between the soil, water and soil organic matter. If the
moisture content-in the soil is greater than 5%, normally the case, the vapor phase contaminant
concentration will be controlled by its gas-water distribution coefficient, the Henry's Law coefficient
(H). The Henry's Law coefficient can be written in its dimensionless form, H,. The dimensionless -
Henry's Law coefficient relates the concentration of a compound in the vapor phase to its

concentration in the aqueous phase

Hp,=C/C, = H/RT:- ps/S : _ )
where H is the Henry's Law coefficient
R is the ideal gas constant
T is degrees Kelvin '
o is the VOC's vapor density (the vapor pressure of -the pure liquid expressed
as mass/unit volume).
and S is the water solubility

The aqueous-phase concentration will in turn be controlled by the distribution of
contaminants between water and the solid soil matrix. This distribution is governed by K, the
water-solid distribution coefficient. Rarely is the direct distribution of contaminants between the gas

and solids important.

If the water-solid distribution is controlied by adsorption onto organic carbon, which occurs
above organic carbon concentrations of approximately 0.001 (fractlon) (Chlou and Shoup, 1985)

the water-solid distribution coefficient is

o . G Koo = %0OC o :
¢, 100 | @
where Cg - - is the concentration in the solid [mass VOC/mass solids]
C. is the concentration in the water [mass VOC/volume water]
Koe is the water-organic carbon distribution coefficient
foc is the fraction, by weight, of organic carbon in the soil

1
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The total soil VOC concentratnon (M/L ) is the sum of the mass/unit volume in each of the three

phases:
C, = Cpp *+ Cuby + C,Br-86,) | (3)
where :
g on is the concentration in the gas [M/V air]
C is. the total concentration in the soil [M/V (bulk volume soil)]
(o is the bulk-dry soil density [M/V solid] ,
B B, is the total porosity

and 6, is the water filled porosity

The ratio of a VOC's total concentration in the soil gas o its concentration in the soil is given by
substituting (1) and (2) in (3) and dividing by bulk density (p,) to convert soil concentratlon umts

" from mass/volume to mass/mass:

Ko, b & -8 @)
H Hpp, Py :

O
-

O

where C, is the total concentration in the soil (M/M)

Table 1 presents an example of the results of using (4) to relate soil gas and soil concentrations.

For each of the compounds listed, a soil gas concentration of 100 pg/L was converted to the
equivalent soil VOC concentration in pg/kg. The soil parameters utilized in the calculation were
foc (fraction) = 0.005; total porosity (fraction) = 0.40; volumetric moisture content. (fraction) =

and dry soil bulk density (gm/cm? = 2.00.

c:\info.doc\sgs_soil.cnv

3



TABLE 1. CONVERSION OF SOIL GAS TO TOTAL SOIL CONCENTRATION

COMPOUND | Koc(ml/g) Henry's Ho* " Kg» | SGas-Soil Soil Gas Soil
C Coeff. (H) (H/RT) (ml/g) | Conversion Conc. . Cone.
: Factor (pglL) (Hg/Kg)
col, 110 241E2 | 1.0 0.55 0.75 100 | 75
Chloroform - 31 . 2.87E3 0.119 | 0.155 2.24 100 224
1,1 DCA 30 [. 4.31E° 0.179 {- 0.15 © 1.50 100 150
1,2 DCA 14 9.78E 0.0407 | 0.07 .10.2 100 | 1020
1,1 DCE 65 3.40E? 141 | 0325 [ 0401 100 40.1
cis 1,2 DCE 49 7.58E" 0.315 | 0.245 1.2. | 100 120
trans 1,2 DCE 59 6.56E 0273 | 0205 | -~ 185 | 100 | 155
1,1,1 TCA 155 1.70E? 0.707 | 0.775 1.33 100 | 134
TCE 126 9.10E® | 0379 | 063 | 203 | 100 203
PCE 364 2.59E7 1.08 | . 1.82 188 | 100 18"
Vinyl Chloride | 57 8.19E? 3.41 0.285 0.212 100 21.2
Benzene 83 | 5.50€° 0.233 | 0.415 2,31 100, | 232
Ethyl Benzene | 1100 6.43E3 0.267 55 19.4 100 1940
Toluene 300 | 6.37E° 0.265 15 586 | 100 586
Xylene 240 7.04E7 0.293 1.2 4.53° 100 453

* Roy:& Griffin, 1989. - 1,1,1 TCA
* Montgomery & Welkpm, 1990 - all others.

It can be shown by sensitivity analysis of (4) that for all but the most water-soluble
compounds, the ratio of soil gas to total soil concentration is most sensitive to Kp, next to Hp,
and that the other parameters have relatively littie effect. Thus, for all but the most quantitative
applications, the soil parameter important in calculating the conversion of soil gas concentration

~ to total soil concentration is total organic carbon. Reasonable estimates of moisture content,
porosity, and bulk density, the additional soil parameters, will be sufficient for most purposes.

c:\info.doc\sgs_soil.cnv
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2. Predicting the Presence of NAPL from Soil Ga's Concentrations

Equation 4 is valid in most soil gas applications, but can under predict a total .
soil concentration in cases where a separate non-aqueous liquid phase is present. The total
VOC soil concentration is then a function of the VOC concentration in the NAPL and the amount
of NAPL in the soil. In such a case, although Equation 4 continues.to account for the VOC's
partitioned into soil, water, .and soil gas, it does not account for the VOCs dissolved in the n
NAPL. Where NAPL is present, the prediction of VOC soil concentratlons from sorl gas

. concentrations is not possible because the vapor pressure of a VOC in the NAPL is a function
ofits concentratlon in the NAPL and the amount of NAPL is generally unknown.

-When'a VOC concentration in the NAPL is hlgh its distribution between the
NAPL and the gas phase can be estlmated by Raoult's Law ;

Cg ) = P X, N )
where p; is the vapor density (pure-compound vapor pressure) ot the ith VOC .
and X; is'the mole:fraction of the ith VOC .

The sum of the'm'bte fractions of compounds making up a NAPL (or any
liquid) is equal to 13 - : . _

XX -0 = ©
i ) )
Where n is the number of compounds in the NAPL

, Assumlng the NAPL is composed of VOCs that is, ‘each of the dissolved.
compounds has a reasonable vapor pressure, the substltutlon of (5) mto (6) yields

B g
2 s ()

S

M

jo

: * Thus, in a soil NAPL zone where the NAPL is composed entirely of VOCs,
the sum of the quotients of soil gas concentrations divided by their respective pure-compound
vapor pressure should approach 1. However, a lower than the theoretical value of 1.0 for the
summation in (7) should be used to indicate the presence of a NAPL in unsaturated soils. In
water saturated soils, because of attenuation by advective and diffusive processes, only 1% of
the saturated solubility of a groundwater contaminant is the criterion used to determine the
presence of NAPL in groundwater (Feenstra and others, 1991), Soil gas is less likely to be
attenuated by advective procésses, and the diffusive transport of a gas borne compound [
much more effective than that of a compound dissolved in water, both processes leading to a
larger zone of detection for soil gas sources. Thus a larger criterion than the 1% of the -

chinfo.doclsgs_sollenv . C 4 : _ . B



theoretical value is appropriate. We suggest, based on observations at a number of soil gas
sites, that 10% of .the theoretical value be used to determine that a NAPL as present at a soil

gas sampling location. The appropriate criterion, therefore, is
. n - . .

'C g (1

i1 Ps (i)

2 04 | ®

" Asan example of the use of this criterion; suppose that the sorl gas data obtamed at a point

location are
PCE = 2,500 ug/L
TCE = 4,200 ug/L

Cis 1,2-DCE = 10,000 pg/L

The calculations utilizing Equation 8 are summarized in Table 2.

TABLE 2. EXAMPLE OF USING SOIL GAS TO DETERMINE NAPL PRESENCE
' Soil Gas Vapor Pressure | Molecular | Conversion Factor - Vapor ' Observed Cy/Ps
 alyte ~(mm) Weight (g) [Hg/(mm:- L-g)] Density ps . | Concentration
(@20 °C) (Hg/L) C, (Hg/L)
PCE 14 165.8 54.7 127,000 2,500 0.02
TCE 19 - | 1314 54.7 137,000 | - 4,200 0.03 .
{12cisDce | 180 97 . 547 955,000 10,000 0.01
SUM of C /pg 0.06

Accordmg to this calculation, the soil gas concentrations divided by their respective

pure -solvent vapor pressures sum to less than.0.1. Thus NAPL is not present where this soil gas probe
- was located, and the con-centrations of PCE, TCE and 1,2 cis DCE at this location can be calculated by

the methods summarized in Table 1.

Referencés

‘Chiou, CT andTD'Shoup, Environ. Sci. Technol. ..1985 19, 1196.

Feenstra, S., D. M McKay, and J.A.Cherry, 1991. A method for assissing residual NAPL

based on organic concentrations in soil samples
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. Use of Soil Gas to Determine
The Presence of NAPLs in Soils

- When a VOC concentration in the NAPL is hlgh
its distribution between the NAPL and the gas phase
is described by Raoult's Law

Cg (i) = st°

where o, is the vapor density of the ith VOC

“and X;is the mole fraction of the ith VOC -

Figure 12
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_y The sum of the mole fractions of compounds
o dlssolved ina NAPL (or any I|qu1d) |s equal to 1.

E X, - 10 o

Where n is the number of compounds in the
NAPL -

| Assumlng the NAPL is composed of VOCs that is,

each of the dissolved compounds has a reasonable -

~vapor pressure these two equatlons may be
combmed as. I -

- i G .(1.') S 10
. =1 Ps'(i)'.

~ Figure 14



A lower value than the theoretical value of 1.0
should be used to determine that a NAPL is
present. The lower value is appropriate for much
the same reason that only 1% of the saturated
solubility of a groundwater contaminant is used to
- determine the presence of NAPL in groundwater

- (Feenstra et al., 1992). | |

- Figure 15



The choice of the proper value is somewhat arbitrary. A larger
value than the 1% used for groundwater is reasonable because soil gas
~components are less likely than groundwater solutes to be attenuated
by advective processes and because the diffusivity of a gas borne
compound, which widens the area of detection, is much greater than
that of a compound dissolved in water. We suggest, based on
observations at a number of soil gas sites, that 10 % of the theoretical
value be used to determine that a NAPL is present at a soilgas
sampling location. The appropriate criterion is

‘ | : '. - C, ) |
The Presence of NAPL Is Indicated By : Y p? '() > 0.1

Figure 16
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Coordinates Requested by UDEQ



Approximate Coordihates

Misc. Features - White Mesa Mill Site
Revised using 2001 Topographic Map
( all coordinates are approximate )

Feature Easting Northing Elevation Tailings Cells - Appproximate Boundaries
Water Well #1 2580084 323314 Cell No. _ Easting Northing
Test Well 2580945 322687
: 1-
Jones Well 2581252 318910 NW 2577460 323190
Jet Pump 2581250 329460 NE 2579365 323145
: SE 2579355 322078
Ruin Spring 2574294 310375 5391 - SW 2576795 322150
Cottonwood Spring 2570024 317880 5238 . A 2576880 322415
Westwater Spring 26574166 321692 5493 i
: 2
Former Leach Field (near office) Dimensions (ft. x ft.) NW 2576795 322150
NW 2580274 322228 . NE 2580210 322040
NE 2580369 322228 95 100 i SE 2580210 320745
SE 2580369 322128 SW 2576845 321680
SW 2580274 322128 Area (sq.ft.) 9500
i 3 _
Old Leach Field (scale house) Dimensions (ft. x ft.) NW 2576845 321680
: NW 2580765 322279 NE 2580210 320745
NE 2580786 322279 21 56 SE 2579593 320100
SE 2580786 322223 SW 2576015 320825
Sw 2580765 322223 Area (sq.ft.) 1176 . .
4A
Current Leach Field (east of Mill yard) Dimensions (ft. x fi.) NW 2577883 - 320411 o
NW 2581224 322530 NE 2579593 320100 !
NE 2581324 322530 100 160 SE 2578860 319021
SE 2581324 322370 ) SW 2577469 319266
SW 2581224 322370 - Area(sqft) 16000
Land Fill Dimensions (ft. x fi.)
Nw 2581040 322915 -
NE 2581115 322915 75 130
SE 2581115 322785
SwW 2581040 322785 Area(sqit) 9750

Sedimentation Pond ] )
NW 2579420 322645
NE 2579465 322645
A 2579465 322400
B 2579555 322355
SE 2579555 322175
SW 2579420 322175

Lab Waste Holding Tank
2580085 322408

Abandoned Monitor Wells, Bore Holes, and Angle Holes

Feature _ Easting Northing Elevation ( all coordinates are approximate )

MW-13 2577590 319547 5570

MW-6-1 2578895 320530 5588

MW-6-2 2578895 320530 5588
MW-7-1 2578125 320886 5588
MW-7-2 2578125 320886 5588 :

MW-8-1 2577265 320925 5590

MW-8-2 2577265 320925 5590

D &M 3 2580092 322720 5634.3
‘D&M 9 2581380 327365 5679.3

GH-94-1 2576459 320549 5597
GH-94-2¢ 2577257 320385 5585
GH-94-3 2577245 320046 5579
GH-94-4 2577365 319598 55672

D&M 122578314 326932 5648.1
D & M 282577380 317340 5547.6 11/09/2001 9:25 AM
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ENERGY LABORATORIES, INC.

el Nl .} : SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
LABORATORIES MAILING: PO. EOX 3258 « CASPER, WY 82602
E-mail: casper@energylab.com  FAX: (307) 234-1639

Billings = Casper « Glilette
Helena * Rapid City PHONE: (307) 235-0515 » TOLL FREE:(888) 235-0515

LABORATORY ANALYSIS REPORT

Client: INTERNATIONAL URANIUM (USA) CORPORATION
Project: White Mesa Mill
Contact: Wally Brice
Sample Matrix: Liquid, Water
Date Received: 04-02-01
Report Date: April 9, 2001

Laboratory ID Sample Date / Time Sample ID Nitrate _;l:;;ﬁte asN,
01-31914-1 03-26-2001 14:02 WMMTW4-11 - < 0.10
01-31914-2 03262001 15:49 WMMTW4-15 . < 0.10
01-31914-3 - 03-29-2001 11:08 WMMTW4-12 10.0
01-31914-4 03-29-2001 12:38 WMMMW4 8.77

LmmT 411 is 4-/5/:/ bk (prgLnk) 1 coltectton
L eIMMTRY-IS TS & vTinsate et op> collec
#') Cine qscw«]’ :s e % PAPSy SfEt prier

wnamTwd- 18, 76 a '.Dbc‘» WMawgy-1Z

Quality Assurance Data
Method EPA 353.2
Reporting Limit ©0.10
RPD' 1.0
Spike® 96
Analyst Twk
Date/Time Analyzed 04-04-2001 17:13
NOTES:

(1) These values are an assessment of analytical precision. The acceptance range is (-20% for sample results above 10 times
the reporting limit. This range is not applicable to samples with results below 10 times the reporting limit.
(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELI performs

a matrix spike on 10 percent of all samples for each analytical method.

msh: r:\reports\clients2001\international_uranium_corp\liquid\31914-1-4. xls . e e ]
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sRapid City  UPS/FedEx Deliveries: 2393 Salt Creek Highway *  Casper, WY o 82601 fax  307-234-1639

For Sample Tracking Purposes, Please Provide Contact Name and Telephone #’s as Indicated

(SEE BACK OF FORM FOR EXAMPLES AND INSTRUCTIONS)
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' Energy Laboratories, Inc.
SAMPLE CONDITION REPORT

.

This report provides information about: the condition of the sample(s), and assocated

sample custody information on receipt at the laboratory.

Client: International Uranium (USA)‘Corporation . Description: WATER
Lab ID(s): 01-31914-1  Thru 01-31914-4 Matrix: Liquid ,
Delivered by: ups Date&Time Rec'd: 02-APR-01 1000 Date&Time Col'd: 26-MAR-01 1402

Received by: Sara Hawken Logged In by: Sara Hawken

Chain of custody form completed & signed: Yes Comments :

Chain of custody seal: No Comments:
Chain of custody seal intact: N/A Comments:
Signature match, chain of custody vs. seal: N/A  Comments:

Sample received Temperature: 5C Comments:
Samples received within holding time: . Yes Comments:
Samples received in proper containers: -~ Yes Comments:

Yes  Comments:

Samples Properly Preserved:

Bottle Types Received: 4-160z p nf h2so4

Comments:
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Energy Laboratories, Inc.

]

A :

_ REPORT PACKAGE SUMMARY - FINAL PAGE

: . - ) .
Acronyms and Definitions

ELI-B Energy Laboratories, Inc. - Billings, Montana

ELI-G Energy Laboratories, Inc. - Gillette, Wyoming

ELI-H Energy Laboratories, Inc. - Helena, Montana
ELI-R Energy Laboratories, Inc. - Rapid City,South Dakota

co - Carry over from previous sample

ip - Insufficient parameters

N/A - Not Applicable

NA - Not Analyzed : o

ND - Analyte Not Detected at Stated Limit of Detection
NR - Analyte Not Requested

NST - No Sample Time Given

NSD No Sample Date Given

This Package Contains the following Client ID(s) and Lab ID(s)

Client ID: WMMMW4 is associated to Lab ID: 01-31914-4

Client ID: WMMTW-11 is associated to Lab ID: 01-31914-1
Client ID: WMMTW-12 is associated to Lab ID: 01-31914-3
Client ID: WMMTW-15 is associated to Lab ID: 01-31914-2

Reviewed By: Lo - e

Approved By:

SRS DL sl

This is the last page of the Laboratory Analysis Report. TRATHEN "”'“0
s A, RQL Fid.

Additional QC is available upon request.
The report contains the .number of pages indicated by the last 4 d?gﬁcg.;=.;)ﬁ‘ﬁ ~ A



LABORATORIES
Billings « Casper = Glliette
Helena ¢ Rapid City

ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601

MAILING: P.O. EOX 3258 « CASPER, WY 82602

E-mail: casper@energylab.com « FAX: (307) 234-1639
PHONE: (307) 235-0515 » TOLL FREE: (888) 235-0515

Denvier (atecy Frile L@;} :

LABORATORY ANALYSIS REPORT

Client: INTERNATIONAL URANIUM (USA) CORPORATION
Project: White Mesa Mill ,
Contact: Wally Brice
Sample Matrix: Liquid, Water
Date Received: 04-02-01
Report Date: April 9, 2001

Nitrate + Nitrite as N,

" Laboratory ID Sample Date / Time Sample ID mg/L
01-31913-1 ~03-29-2001 09:32 WMMTW4-1 7.15
01-31913-2 03-29-2001 11:08 WMMTW4-2 10.2
01-31913-3 03-28-2001 17:35 - WMMTW4-3 1.85
01-31913-4 03-27-2001 09:02 WMMTW4-4 14.5
01-31913-5 . 03-28-2001 11:04 WMMTW4-5 3.88
01-31913-6 03-26-2001 16:20 WMMTW4-6 0.13
01-31913-7 03-27-2001 14:56 WMMTW4-7 2.46
01-31913-8 03-27-2001 16:54 WMMTW4-8 < 0.10
01-31913-9 03-27-2001 11:20 WMMTW4-9 < 0.10
01-31913-10 03-26-2001 14:01 WMMTW4-10 < 0.10

MM Twd-10 Ts a 1209 Bla~k (i0MM ehen b DX Blea k).
Quality Assurance Data
Method EPA 353.2
Reporting Limit 0.10
RPD' 0.8
Spike® 94
Analyst rwk
04-04-2001 15:30

Date/Time Analyzed

NOTES:

(1) These values are an assessment of analytical precision. The acceptance range is 0-20% for sample results above 10 times

the reporting limit. This range is not applicable to samples with results below 10 times the reporting limit.
(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELI performs

a matrix spike on 10 percent of all samples for each analytical method.

msh: r:\reports\clients2001\international_uranium_corp\liquid\31913-1- 10.xls
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: * Billings ENERGY LABORATORIES, INC.’S CHAIN OF CUSTODY RECORD foll free  1-888-235-0515
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Energy Laboratories, Inc.

i SAMPLE CONDITION REPORT

This report provides information about. the condition of the sample(s), and assocated
sample custody information on receipt at the laboratory.

Client: International Uranium (USA) Corporation Description: WATER

Lab ID(s): 01-31913-1 Thru 01-31913-10 Matrix: Ligquid

Delivered by: ups Date&Time Rec'd: 02-APR-01 1000 Date&Time Col'd: 29-MAR-01 0932
Received by: Sara Hawken Logged In by: Sara Hawken

Chain of custody form cowpleted & signed: Yes Comments:

Chain of custody seal: No Comments:

Chain of custody seal intact: N/A  Comments:

Signature match, chain of custody vs. seal: N/A Comments:

Sample received Temperature: - 5C Comments :
Samples received within holding time:  Yes Comments:
Samples received in proper containers: Yes Comments:
Samples Properly Preserved: Yes' Comments:

Bottle Types Received: 10-160z p nf h2sod4 (a)

Comments:
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_— Energy Laboratories, Inc.

REPORT PACKAGE SUMMARY - FINAL PAGE

Acronyms and Definitions

ELI-B Energy Laboratories, Inc. - Billings, Montana
ELI-G Energy Laboratories, Inc. Gillette, Wyoming
ELI-H Energy Laboratories, Inc. Helena, Montana

ELI-R Energy Laboratories, Inc. Rapid City,South Dakota

co - Carry over from previous sample
ip - Insufficient parameters
N/A - Not Applicable

NA - Not Analyzed
ND - Analyte Not Detected at Stated Limit of Detection

NR - Analyte Not Requested
NST - No Sample Time Given
NSD - No Sample Date Given

ThiS'Package Contains the following Client ID(s) and Lab ID(s)

Client ID: WMMTW4-1 is associated to Lab ID: 01-31913-1
Client ID: WMMTW4-10 is associated to Lab ID: 01-31913-10
Client ID: WMMTW4-2 is associated to Lab ID: 01-31913-2
Client ID: WMMTW4-3 is associated to Lab ID: 01-31913-3
‘Client ID: WMMTW4-4 is associated to Lab ID: 01-31913-4
Client ID: WMMTW4-5 is associated to Lab ID: 01-31913-5
Client ID: WMMTW4-6 is associated to Lab ID: 01-31913-6
Client ID: WMMTW4-7 is associated to Lab ID: 01-31913-7
Client ID: WMMTW4-8 is associated to Lab ID: 01-31913-8
Client ID: WMMTW4-9 is associated to Lab ID: 01-31913-9

Approved By: Reviewed By: .

This is the last page of the Laboratory Analysis Report. 32%31"* v PﬂﬁF'ﬁg
Additional QC is available upon request. ! o PR TR

The report contains the .number of pages indicated by the last 4-dxgrts AMNNNC
b SR N B SR  fha!
d o ia U N

(
C
(



01-31913-1 03-29-2001 09:32 _ WMMTW4-1 7.15
01-31913-2 03-29-2001 11:08 WMMTW4-2 ' 10.2
01-31913-3 03-28-2001 17:35 WMMTW4-3 , 1.85
01-319134 03-27-2001 09:02 WMMTW4-4 14.5
01-31913-5 . 03-28-2001 11:04 WMMTW4-5 3.88
01-31913-6 03-26-2001 16:20 WMMTW4-6 ' 0.13
01-31913-7 03-27-2001 14:56 WMMTW4-7 2.46
01-31913-8 03-27-2001 16:54 WMMTW4-8 < 0.10
01-31913-9 03-27-2001 11:20 WMMTW4-9 < 0.10
01-31913-10 03-26-2001 14:01 WMMTW4-10 < 0.10
Quality Assurance Data

Method EPA 353.2

Reporting Limit 0.10

RPD! 0.8

 |spike? 94
- |Analyst rwk
Date/Time Analyzed 04-04-2001 15:30
NOTES:

(1) These values are an assessment of analytical precision. The acceptance range is 0-20% for sample résults above 10 times
the reporting limit. This range is not applicable to samples with results below 10 times the reporting limit.
(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELI] performs

a matrix spike on 10 percent of all samples for each analytical method.

msh: r:\reports\clients2001\international_uranium_corp\liquid\31913-1-10.xls



01-31914-1 03-26-2001 14:02 WMMTW4-11 < 0:.10

01-31914-2 03-26-2001 15:49 WMMTW4-15 - . <0.10

01-31914-3 03-29-2001 11:08 WMMTW4-12 - 10.0

01-31914-4 | 03-29-2001 12:38 WMMMW4 8.77

Quality Assurance Data : ,

Method ' EPA 353.2
Reporting Limit 0.10
RPD’ 1.0
Spike® 96
Analyst rwk _
Date/Time Analyzed 04-04-2001 17:13
NOTES:

(1) These values are an assessment of analytical precision. The acceptance range is 0-20% for sample results above 10 times
the reporting limit. This range is not applicable to samples with results below 10 times the reporting limit. ,
(2) These values are an assessment of analytical éqcuracy. They are a percent recovery of the spike addition. ELI performs

a matrix spike on 10 percent of all samples for each analytical method.

msh: r:\reports\clients2001\international_uranium_corp\liquid\31914-1-4.x1s



Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: - 03-29-01
Project: WHITE MESA MILL Time Sampled: - 09:50
Sample ID: WMMTW4-1 Date/Time Received:  04-02-01 10:00 -
Laboratory ID:  01-31916-1 , Date Analyzed: 04-04-01
Matrix: . Liquid - WATER C Date Reported:  April 12, 2001

Dilution Factor: 200

67-66-3 Chloroform (Trichloromethane) 2,340 i 100

ND - Analyte not detected at stated limit of detection _

1CAL / CCAL ' PERCENT ACCEPTANCE
Pentafluorobenzene ' 1166070 1150521 101% _ 50 - 200 %
Fluorobenzene 2433645 . 2388861 102% 50 - 200 %
1,4 - Difluorobenzene - 1769122 . 1775533 99.6% 50 -200 %
Chlorobenzene - d5 1189063 - 1163446 C102% 50 - 200 %
1,4 - Dichlorobenzene - d4 473744 . 458787 103% 50 - 200 %

PERCENT " ACCEPTANCE

SYSTEM MONITORING COMPQUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane - 9.45 94.5% 86-118 %
Toluene - d8 : 10.3 103% 88-110 %
4 - Bromofluorobenzene 9.91 99.1% 86-115 %
1,2 - Dichlorobenzene - d4 _ 9.90 99.0% 80-120 %

MEIHQDS_].ISED.IH.’HﬁiANALXSIS;

EPA 5030B, EPA 8260B.

sec: r:\reports\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chioroform_l-w.xls Analyst: rlo




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-29-01
Project: WHITE MESA MILL Time Sampled: 12
Sample ID: WMMTW4-2 Date/Time Received:  04-02-01 10:00
Laboratory ID: ~ 01-31916-2 _ Date Analyzed: 04-04-01
Matrix: “Liquid - WATER : ‘ Date Reported: - April 14, 2001

Dilution Factor: 200

67-66-3 . Chloroform (Trichloromethane) 3,890 100

ND - Analyte not detected at stated limit af detection

ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS  AREA AREA RECOVERY : RANGE
Pentafluorobenzene 1154034 1150521 100% 50 -200 %
Fluorobenzene 2407856 . 2388861 101%. 50 -200 %
1,4 - Difluorobenzene 1752960 - 1775533 98.7% 50 - 200 %
Chlorobenzene - d5 1171985 . 1163446 101%  50-200 %
1,4 - Dichlorobenzene - d4 471262 458787 103% . : 50 - 200 % 1
: PERCENT ACCEPTANCE

SYSTEM_MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.36 93.6% 86-118%
Toluene - d8 10.3 103% 88-110 %
4 - Bromofluorobenzene 9.93 99.3% 86-115%

9.88 98.8% 80 -120 %

1,2 - Dichlorobenzene - d4

METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\rcporls\cliemsZOOl\intcrnalioml_uranium_corp\casper_org\B 1916-1-19_8260b_chloroform_I-w.xIs Analyst: o -




Client: International Uranium (USA) Corporation
Project: WHITE MESA MILL '
Sample ID: WMMTW4-3

Laboratory ID:  01-31916-3

Matrix: Liquid - WATER

Dilution Factor: 100

Volatile Organic Compounds

Date Sampled:  03-28-01

Time Sampled: 17:56
Date/Time Received:  04-02-01 10:00

Date Analyzed: 04-04-01

Date Reported: = April 14, 2001

Chloroform (-'I‘richloromethane)f

347

ND - Analyte not detected at stated limit of detection .

_ 1CAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS  AREA AREA RECOVERY - RANGE
Pentafluorobenzene 1158619 1150521 101% - 50-200 %
Fluorobenzene - 2404030 2388861 101% 50-200 %
1,4 - Difluorobenzene 1745382 1775533 98.3% 50 -200 %
~ Chlorobenzene - d5 1175904 1163446 101% 50-200 %
1,4 - Dichlorobenzene - d4 472736 458787 103% 50 - 200 %
_ . PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.48 94.8% 8-118 %
Toluene - d8 10.3 103% 88-110 %
4 - Bromofluorobenzene 10.1 101% 86-115 %
1,2 - Dichlorobenzene - d4 9.85 98.5% 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B
sec: r:\reports\clients2001 \international_uranivm_corp\casper_org\31916-1-19_8260b_chioroform_-w.xls Analyst: .




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: - 03-27-01
Project: WHITE MESA MILL | Time Sampled: °  09:00
Sample ID: WMMTW4-4 Date/Time Received: ~ 04-02-01 10:00
Laboratory ID:  01-319164 . _ Date Analyzed: 04-06-01
Matrix: Liquid - WATER - Date Reported:  April 14, 2001

Dilution Factor: 200

67-66-3 Chloroform (Trichloromethane) 2,260 ‘ 100

ND - Analyte not detected at stated limit of detection

1ICAL / CCAL PERCENT ACCEPTANCE

Pentafluorobenzene 980162 1150521 85.2% 50 -200 %
Fluorobenzene 2227683 - 2388861 93.3% 50 - 200 %
1,4 - Difluorobenzene 1572210 1775533 : 88.5% 50-200 %
Chlorobenzene - d5 1044788 1163446 89.8% 50 - 200 %
1,4 - Dichlorobenzene - d4 410680 458787 89.5% 50-200 %
PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane : 9.83 98.3% 86-118 %
Toluene -d8 10.6 106% 88-110 %
4 - Bromofluorobenzene ' 10.6 106% 86-115%
1,2 - Dichlorobenzene - d4 9.92 99.2% 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B

sec: r:\reports\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: o




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-28-01
Project: WHITE MESA MILL Time Sampled: 11:22
Sample ID: WMMTW4-5 _ Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-5 o - * Date Analyzed: 04-04-01
Matrix: Liquid - WATER . Date Reported:  April 14, 2001

Dilution Factor: 10

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS AREA AREA RECOVERY - RANGE
Pentafluorobenzene 1107374 1150521 96.2% 50-200 %
Fluorobenzene 2345208 2388861 98.2% 50 -200 %
1,4 - Difluorobenzene 1698810 1775533 95.7% 50 - 200 %
Chlorobenzene - d5 1159686 © 1163446 99.7% 50 - 200 %
1,4 - Dichlorobenzene - d4 466834 458787 102% 50-200 %
PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.46 94.6% 86-118 %
Toluene - d8 10.4 104% 88-110 %
4 - Bromofluorobenzene 10.1 101% 86-115%
9.76 97.6% 80-120 %

1,2 - Dichlorobenzene - d4

METHODS USED IN THIS ANALYSIS:

EPA 50308, EPA 8260B.

sec: r:\repons\cliemszom\imenﬁdonal_nmniwn_corp\casper_orgﬂ1916-1 ~19_8260b_chioroform_I-w.xls Analyst: rlo -




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: ~ 03-26-01
Project: WHITE MESA MILL ' ‘ Time Sampled: 16:30
Sample ID: WMMTW4-6 ] Date/Time Received:  04-02-01 10:00
Laboratory ID: ~ 01-31916-6 Date Analyzed: 04-04-01
Matrix:. Liquid - WATER i " Date Reported:  April 14, 2001

Dilution Factor: 2

67-66-3 Chloroform (Trichloromethane) ND 1.0

ND - Analyte not detected at stated limit of detection

1CAL / CCAL PERCENT ACCEPTANCE
Pentafluorobenzene 1135759 1150521 98.7% 50-200 %
Fluorobenzene 2382190 - 2388861 99.7% 50 - 200 %
1,4 - Difluorobenzene 1708345 1775533 96.2% 50:- 200 %
Chlorobenzene - d5 1159355 1163446 99.6% 50-200 %
1,4 - Dichlorobenzene - d4 467805 458787 102% 50 - 200 %

PERCENT ACCEPTANCE

SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.58 95.8% 86-118 %
Toluene - d8 10.4 104 % 88-110 %
4 - Bromofluorobenzene ' 10.0 100% 86-115 %
1,2 - Dichlorobenzene - d4 9.84 98.4% - 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B ’

sec: r:\reportsiclients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_I-w.xls Analyst: rlo-




Volatile Organic Compounds o

International Uranium (USA) Corporation _ Date Sampled: 03-28-01

Client:

Project: WHITE MESA MILL Time Sampled: 15:09
Sample ID: WMMTW4-7 ‘ Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-7 : Date Analyzed: 04-04-01
Matrix: " Liquid - WATER o Date Reported:  April 14, 2001

Dilution Factor: 100 : . , |

ND - Analyte not detected at stated limit of detection

CAL / CCAL ACCEPTANCE
INTERNAL STANDARDS  AREA : AREA RANGE
Pentafluorobenzene 1105485 1150521 ' 96.1% . 50-200 %
Fluorobenzene 2323615 2388861 97.3% 50 - 200 %
1,4 - Difluorobenzene 1678345 1775533 94.5% 50 - 200 %
Chlorobenzene - d5 1136308 - 1163446 L 91.7% . 50 - 200 %
1,4 - Dichlorobenzene - d4 448761 . 458787 97.8% : 50 - 200 %

PERCENT ACCEPTANCE

Dibromofluoromethane 0.38 93.8% 86 - 118 %
Toluene - d8 ' 10.5 105% 88-110 %
4 - Bromofluorobenzene : 10.0 100% 86-115%
1,2 - Dichlorobenzene - d4 9.83 98.3% . 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B .

sec: r:\reports\clients2001 \international_uranium_corpicasper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: ' rlo




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled:
Project: WHITE MESA MILL ' Time Sampled:
Sample ID: WMMTW4-8 Date/Time Received:
Laboratory ID:  01-31916-8 Date Analyzed:
Matrix: " Liquid - WATER , Date Reported:

| Dilution Factor: 10

© 03-26-01
17:00
04-02-01 10:00
04-04-01
April 14, 2001

67-66-3 Chloroform (Trichloromethane) 116

ND - Analyte not detected at stated limit of detection

5.0

ICAL / CCAL
INTERNAL STANDARDS AREA . AREA RECOVERY
Pentafluorobenzene ' 1090084 1150521 94.7%
Fluorobenzene 2309760 2388861 96.7%
1,4 - Difluorobenzene 1664765 - 1775533 93.8%
Chlorobenzene - d5 1119681 - 1163446 96.2%
1,4 - Dichlorobenzene - d4 442367 458787 96.4%
PERCENT

SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY
Dibromofluoromethane 9.57 _ 95.7%
.Toluene - d8 10.4 104 %
4 - Bromofluorobenzene o 10.1 101%

: 9.94 99.4%

1,2 - Dichlorobenzene - d4

METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\reports\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chioroform_L-w.xls Analyst:

ACCEPTANCE
RANGE
-50-200 %
50 - 200 %
50 - 200 %
50 - 200 %
50 -200 %

ACCEPTANCE
RANGE
86-118 %
88-110 %
86-115 %
80-120 %

o .




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: ~ * 03-27-01
Project: WHITE MESA MILL Time Sampled: 11:35
Sample 1D: WMMTW4-9 : Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-9 : - _ © Date Analyzed 04-05-01
Matrix: Liquid - WATER _ Date Reported: April 14, 2001

Dilution Factor: 2

67-66-3 Chloroform (Trichloromethane) 43.6 1.0""

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ACCEPTANCE
Pentafluorobenzene 1067998 1150521 ‘ 92.8% - 50-200 %
Fluorobenzene 2306313 2388861 96.5% 50 - 200 %
1,4 - Difluorobenzene 1658294 - 1775533 93.4% . 50:200 %
Chlorobenzene - d5 1115898 1163446 95.9% 50 - 200 %
1,4 - Dichlorobenzene - d4 447091 458787 - 97.5% . 50 - 200 %
PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofiuoromethane 9.50 95.0% 86-118 %
Toluene - d8 10.5 105% 88-110 %
4 - Bromofluorobenzene 10.1 - 101% ' 86-115 %
1,2 - Dichlorobenzene - d4 9.80 ) 98.0% 80-120 %

METHODS USED IN THIS ANALYSJS:

EPA 5030B, EPA 8260B

sec: r:\reports\clients2001 international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xis ' Analyst: rio



LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: ~ 03-23-01
Project: WHITE MESA MILL ' Time Sampled: - 12:45
Sample ID: WMMTW4-10 Q A _ Date/Time Received: ~ 04-02-01 10:00
Laboratory ID:  01-31916-10 ‘ ' Date Analyzed: 04-05-01
Matrix: © Liquid - WATER ‘ Date Reported:  April 14, 2001

Dilution Factor: 2

. 67-66-3 Chioroform (Trichloromethane) ND 1.0

ND - Analyte not detected at stated limit of detection .

ICAL / CCAL PERCENT ACCEPTANCE
Pentafluorobenzene 1081645 1150521 94.0% : 50 - 200 %
Fluorobenzene 2280451 2388861 95.5% 50 - 200 %
1,4 - Difluorobenzene 1630418 - . 1775533 91.8% 50 -200 %
Chlorobenzene - d5 1103332 1163446 94.8% : 50-200 %
1,4 - Dichlorobenzene - d4 437754 . 458787 95.4% . 50-200 %
: PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.55 95.5% 86-118 %
Toluene - d8 10.6 106% 88-110 %
4 - Bromofluorobenzene 10.2 102% 86-115 %
9.91 99.1% 80-120 %

1,2 - Dichlorobenzene - d4

METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\reports\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chioroform_l-w.xls Analyst: i rio




Volatile Organic Compounds

Client: " International Uranium (USA) Corporation Date Sampled: 03-23-01
Project: WHITE MESA MILL B Time Sampled: | 12:47
Sample ID: WMMTW4-11 QA _ . Date/Time Received:  04-02-01 10:00
Laboratory ID: ~ 01-31916-11 Date Analyzed: 04-05-01
Matrix: Liquid - WATER . Date Reported: April 14, 2001

Dilution Factor: 2

67-66-3 Chloroform (Trichloromethane) ND . 1.0

ND - Analyte not detected at stated limit of detection

: ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS  AREA _ AREA RECOVERY ] RANGE
Pentafluorobenzene ' 1087398 1150521 94.5% 50 - 200 %
Fluorobenzene 2312161 2388861 96.8% 150 -200 %
1,4 - Difluorobenzene 1661249 1775533 93.6% 50 -200 %
Chlorobenzene - d5 1093054 1163446 93.9% 50-200 %
1,4 - Dichlorobenzene - d4 427271 . 458787 93.1% 50 - 200 %

_ PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS  CONCENTRATION RECOVERY RANGE
Dibromofluoromethane : 9.53 95.3% 86-118 %
Toluene --d8 10.4 104 % 88-110 %

4 - Bromofluorobenzene 10.2 ‘ 102% 86-115 %
1,2 - Dichlorobenzene - d4 9.91 99.1% 80 - 120 %
METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\repons\clienxsZOOl\imemational_ﬁranium_corp\casper_org\Bl9l6-1 -19_8260b_chloroform_l-w.xls * Analyst: rlo




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled.: ©03-29-01
Project: WHITE MESA MILL ‘ Time Sampled: = 11:24
Sample ID: WMMTW4-12 Dyp. oF TW H-2 Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-:31916-12 ‘ Date Analyzed: 04-06-01
Matrix: " Liquid - WATER B ‘ | Date Reported:  April 14, 2001

Dilution Factor: 200

67-66-3 Chloroform (Trichloromethane) 4,410 100

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ACCEPTANC
Pentafluorobenzene 954374 1150521 83.0% . 50 - 200 %
Fluorobenzene 2199976 2388861 92.1% "~ 50-200 %
1,4 - Difluorobenzene - 1545815 . .1775533 87.1% 50 - 200 %
Chlorobenzene - d5 1054565 "~ 1163446 90.6% 50 -200 %
1,4 - Dichlorobenzene - d4 411716 458787 89.7% ' ' 50-200 %
PERCENT ACCEPTANCE

SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE

Dibromofluoromethane 10.0 100% 86-118 %
Toluene - d8 10.8 108% 88-110%
4 - Bromofluorobenzene 10.4 - 104% 86 - 115 %
1,2 - Dichlorobenzene - 44 9.83 98.3% : 80-120 %

METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B.

sec: r:\reports\clients200] \international_uranium_corp\casper_org\31916-i-19_8260b_chloroform_l-w.xls Analyst: rlo =




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation S Date Sampled: 03-23-01
Project: WHITE MESAMILL Time Sampled: 14:24
Sample ID: WMMTW4-13 R, nsartf, P or fo Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-13 purq.nég eond Date Analyzed: 04.05.01
Matrix: Liquid - WATER ~ S2mp linge Poc wells. Date Reported:  April 14, 2001
Dilution Factor: 2 (Colleckd a Pm,,;;?)

67-66-3 Chloroform (Trichloromethane) 16.7 : 1.0

ND - Analyte not detected at stated limit of detection

I ’ ' : ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS  AREA AREA RECOVERY RANGE
Pentafluorobenzene 1056010 1150521 91.8% : “50 - 200 %
Fluorobenzene 2291350 . 2388861 95.9% .50-200 %
1,4 - Difluorobenzene 1639990 1775533 92.4% " 50-200%
Chlorobenzene - d5 1102979 © 1163446 94.8% S0 -200 %
1,4 - Dichlorobenzene - d4 429163 . 458787 93.5% 50 - 200 %

, PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECQVERY RANGE
Dibromofiuoromethane ' 9.56 95.6% 86-118 %
Toluene - d8 - ' 10.5 105% 88-110 %
4 - Bromofluorobenzene 10.1 ' 101% 86-115%
9.85 98.5% 80 - 120 %

1,2 - Dichlorobenzene - d4

METHODS USED IN THIS ANALYSIS:

EPA 50308, EPA 8260B-

sec: r:\repors\clients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rlo




ANALYSIS REPORT, EPA
Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-25-01
Project: WHITE MESA MILL 4 Time Sampled: - 12:33
Sample ID: WMMTW4-14  RinsaTa. pancr 1o Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-14 T —|7 . Date Analyzed: - 04-05-01
Matrix: Liquid - WATER Date Reported:  April 14, 2001

Dilution Factor: 2

Chloroform (Trichloromethane) ND 1.0

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ~ ACCEPTANCE
Pentafluorobenzene 1053851 1150521 91.6% : "50-200 %
Fluorobenzene 2258371 . 2388861 94.5% - 50-200 %
1,4 - Difluorobenzene 1603542 1775533 90.3% ©50-200%
Chlorobenzene - d5 1090824 - 1163446 93.8% 50 - 200 %
1,4 - Dichlorobenzene - d4 426403 ‘ , 458787 - - 92.9% 50-200 %
_ PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.62 96.2% 86-118 %
Toluene - d8 10.6 106% 88-110 %
4 - Bromofluorobenzene 10.1 101% 86-115%
1,2 - Dichlorobenzene - d4 9.78 97.8% 80-120 %

ME]]}QQSJlSEDINIﬁIS-ANALmSI

EPA 5030B, EPA §260B

sec: r:\repons\clicmsZO_Ol\imemalional_uranium_corp\casper_org\3l916-1-l9_8260b_chloroform_l-w.xls Analyst: rlo -




Volatile Organic Compounds

Client: International Uranium (USA) Corporation » Date Sampled: 03-25-01
Project: WHITE MESA MILL : ‘ Time Sampled: 13:35
Sample ID: WMMTWALS 2, ns o'k, prssr +0 Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-15 Ny uxlls. “Date Analyzed: 04-05-01
Matrix: Liquid - WATER S Date Reported: ~ April 14, 2001

Dilution Factor: 2-

67-66-3 Chloroform (Tric oromethane) 1.0

ND - Analyte not detected at stated limit of detection

- ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS AREA AREA RECOVERY RANGE
Pentafluorobenzene 1064856 ' 1150521 92.6% 50 - 200 %
Fluorobenzene 2258935 2388861 94.6% 50 - 200 %
1,4 - Difluorobenzene 1624960 1775533 91.5% 50-200 %
Chiorobenzene - dS . 1088081 1163446 93.5% 50-200 %
1,4 - Dichlorobenzene - d4 419852 458787 91.5% 50 -200 %

PERCENT ACCEPTANCE

SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.47 : 94.7% 86-118 %
Toluene - d8 10.5 105% 88-110 %
4 - Bromofluorobenzene _ ‘ 10.1 : 101% 86-115%
1,2 - Dichlorobenzene - d4 9.98 99.8% 80-120 %
METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\reports\clients2001 \international_uranium_corpicasper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rlo




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-29-01
Project: WHITE MESA MILL _‘ Time Sampled: 12:50
Sample ID: WMMMW4 ‘ Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-16 : Date Analyzed: - 04-05-01
Matrix: Liquid - WATER : Date Reported: ~ April 14, 2001

Dilution Fact_or: 400

67-66-3 Chloroform (Trichloromethane) 4,360

ND - Analyte not detected at stated limit of detection

: . _ ICAL / CCAL PERCENT ACCEPTANCE
Pentafluorobenzene 1042084 1150521 90.6% 50-200 %
Fluorobenzene 2239095 - 2388861 93.7% 50-200 %
1,4 - Difluorobenzene 1612893 1775533 90.8% 50-200 %
Chlorobenzene - d5 1075862 1163446 92.5% 50 - 200 %
1,4 - Dichlorobenzene - d4 420445 458787 91.6% 50 - 200 %

PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane _ 9.46 94.6% 86-118%
Toluene - d8 10.4 104% 88110 %
4 - Bromofluorobenzene - 10.2 102% 86-115%
1,2 - Dichlorobenzene - d4 : 9.98 . 99.8% 80-120 %
METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\rcpons\clién&OOl\imcmational_uranium_corp\caspér_orgﬁ1916-I-l9_8260b_ch|orofonn_l-w.xls Analyst: rlo :




. 5‘»

Volatile Organic Compounds

Client: International Uranium (USA) Cforporation. Date Sampled: - 03-25-01

Project: WHITE MESA MILL Time Sampled: 14:48
Sample ID: WMMMW17 Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-17 : : Date Analyzed: -04-05-01
Matrix: * Liquid - WATER Date Reported: ~ April 14, 2001

Dilution Factor: 2

67-66-3. " Chloroform (Trichloromethane) ND 1.0

ND - Analyte not detected at stated limit of detection

. PERCENT CE
INTERNAL STANDARDS AREA RECOVERY RANGE
Pentafluorobenzene 1055347 1150521 91.7% 50 - 200 %
Fluorobenzene 2270030 2388861 95.0% 50-200 %
1,4 - Difluorobenzene 1618320 1775533 91.1% ’ 50 - 200 %
Chlorobenzene - d5 1091563 .. 1163446 93.8% 50 - 200 %
1,4 - Dichlorobenzene - d4 432256 458787 94.2% 50 - 200 %
PERCENT ACCEPTANCE
Dibromofluoromethane : 9.61 96.1% 86-118 %
Toluene - d8 . 10.6 106% 88-110 %
4 - Bromofluorobenzene © 102 102% 86-115 %
1,2 - Dichlorobenzene - d4 9.88 98.8% . 80-120%

METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B.

sec: r:\reportsiclients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_I-w.xis Analyst: rio




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-30-01
Project: WHITE MESA MILL , Time Samplgd: 07:36
Sample ID: WMMTW4 COMP ~ Date/Time Received:  04-02-01 10:00 -
Laboratory ID:  01-31916-18 - Date Analyzed: p4.05.01
Matrix: Liquid - WATER - Date Reported:  April 14, 2001

Dilution Factor: 100

67-66-3 Chloroform ichloromethane)

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PER ACCEPTANCE
INTERNAL STANDARDS  AREA . AREA RECQOVERY RANGE
Pentafluorobenzene . 1036677 1150521 9.1% -50-200 %
Fluorobenzene 2249534 . 2388861 94.2% 50-200 %
1,4 - Difluorobenzene 1598837 1775533 90.0% 50 - 200 %
Chlorobenzene - d5 1072649 _ 1163446 92.2% 50-200 %
1,4 - Dichlorobenzene - d4 416945 458787 90.9% 50 -200 %

* PERCENT ACCEPTANCE

SXSIEM_MQNIT_OBING_CDMRODNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.44 94.4% 86-118%
Toluene - d8 10.6 106% _ 88-110 %
4 - Bromofluorobenzene 10.2 102% 86-115 %
1,2 - Dichlorobenzene - d4 - , 9.92 99.2% 80-120 %
METHODS USED IN THIS ANALYSIS:

EPA 5030B, EPA 82608

Analyst: rio

sec: r:\rcpons\cliemszom\imemational_uranium_corp\casper_org\Jl9|61-19_8260b_chlorofonn_l-w.xls




ANAL REPORT, EPA ME
Volatile Organic Compounds

Client: International Uranium (USA) Corporation - Date Sampled: 03-16 'Ol
Project: WHITE MESA MILL Time Sampled:  16:10
Sample ID: TRIP BLANK . Date/Time Received: ~ 04-02-01 10:00
Laboratory ID:  01-31916-19 ' " Date Analyzed: 04-04-01
Matrix: " Liquid - WATER : Date Reported: ~ April 14, 2001

Dilution Factor: 1

67-66-3 Chloroform (Trichloromethane) ND 1.0

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS AREA : AREA RECOVERY : RANGE
Pentafluorobenzene 1191328 1150521 104% 50 -200 %
Fluorobenzene 2452721 2388861 ) 103% 50 -200 %
1,4 - Difluorobenzene 1788376 1775533 101% 50 - 200 %
Chlorobenzene - d5 1218017 " 1163446 105% 50 - 200 %
1,4 - Dichlorobenzene - d4 491947 458787 ' 107% 50 -200 %
PERCENT ACCEPTANCE
Dibromofluoromethane 9.59 95.9% 86-118 %
Toluene - d8 - 10.2 102% 88-110 %
4 - Bromofiluorobenzene 9.89 98.9% 86-115 %
9.79 97.9% 80 - 120 %

1,2 - Dichlorobenzene - d4

J\_meDS_DSED_INJHIS_ANAIXSIS:

EPA 5030B, EPA 8260B

sec: r:\fepons\clicmsZOOl\imemlional_uranium_corp\i:asper_oi‘gﬂ1916-1-1 9 _8260b_chloroform_l-w.xIs Analyst: rlo




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: N/A
Project: WHITE MESA MILL Time Sampled: N/A
Sample ID: Method Blank Date/Time Received: N/A
Laboratory ID: ~ MB0404 - _ Date Analyzed: 04-04-01
Matrix: "Water | Date Reported:  April 12, 2001

Dilution Factor: 1

Chloroform (Trichloromethane) ND 1.0

'ND - Analyte not detected at stated limit of detection

ICAL/CCAL  PERCENT “ACCEPTANCE
Pentafluorobenzene © 1184558 1150521 103% _ © 50-200 %
Fluorobenzene 2435440 2388861 102% 50 - 200 %
1,4 - Difluorobenzene 1782379 - 1775533 100% 50-200 %
Chlorobenzene - d5 1183537 © 1163446 - 102%  50-200%
1,4 - Dichlorobenzene - 44 464888 458787 101% 50-200 %
: : PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.53 95.3% 86-118 %
Toluene - d8 10.2 C102% 88-110 %
4 - Bromofluorobenzene 9.88 98.8% 86-115 %
1,2 - Dichlorobenzene - d4 9.85 98.5% 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B .

sec: r:\reporis\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_i-w.xls Analyst: rlo



LABORATORY ANALYSIS REPORT, EPA METHOD 8260
QC RESULTS - MATRIX SPIKE (MS), MATRIX SPIKE DUPLICATE (MSD)

Client: International Uranium (USA) Corporation Date Sampled: 03-29-01
Sample Set: 01-31916—1 through 01-31916-19 . Date/Time Received: 04-02-01 10:00
Laboratory ID: 01-31916-17 S ' "~ Date Analyzed: 04-05-01
Matrix: Liquid - WATER o Date Reported: April 12, 2001

ICAL / CCAL SPIKED SAMPLE SPIKE DUPLICATE ACCEPTANCE
, AREA AREA % AREA : RANGE
Pentafluorobenzene 1150521 1025937 89.2% 1034958 50 - 200 %
" Fluorobenzene 2388861 2213431 92.7% 2237292 .50 -200 %
1,4 - Difluorobenzene 1775533 1595730 89.9% 1600008 50 - 200 %
Chiorobenzene - d5 1163446 1065324 91.6% 1060181 50-200 %
. e-d4 458787 425066 424488 50-200 %

4

""""""" SPIKED SAMPLE PERCENT SPIKE DUPLICATE PERCENT ACCEPTANCE
Dibromofluoromethane 9.62 96.2% 9.57 95.7% 86-118 %
Toluene - d8 . 10.6 106% 10.6 106% 88-110 %
4 - Bromofluorobenzene : 10.3 103% 10.4 104% 86-115 %
1,2 - Dichlorobenzene-d4 . 9.95 99.5% 9.97 99.7% 80-120 %

SPIKED SAMPLE ORIG. CONC. SPIKE AMOUNT  PERCENT . -ACCEPTANCE
CONCENTRATION  (ug/l)* Gelld RECOVERY RANGE
9.85 ND 10.0 98.5% 70-130 %

Chloroform (Trichloromethane)

SPIKE DUP ORIG. CONC. SPIKE PERCENT RPD
Chloroform (Trichloromethane) 10.1 ND 10.0 101% 2.8% : 20 %

. MATRIX SPIKE: 0 of 2 Matrix Spike results are outside of established QC Limits
MATRIX SPIKE DUPLICATE:  ©  of 1 Matrix Spike Duplicate results are outside of established QC Limits

sec: r:\repartsiclicnts2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rlo i
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ENERGY LABORATORIES, INC.

[ P y SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601
LABORA TOR/ES MAILING: P.O. BOX 3258 = CASPER, WY 82602
E-mail: casper@energylab.com ¢ FAX: (307) 234-1639

eC » Glllett
B emopia Gity | PHONE: (307) 235.0515 + TOLL FREE: (888) 235-0515

TJuly 10, 2001

Wally Brice
International Uranium Corp. (IUC)
PO Box 809

Blanding, Utah 84511
Order No: C01060297

RE: White Mesa Mill

Mr. Brice:

The following cover letter is a summary of the attached analytical results for the above
referenced project.

This packet contains one invoice, thineen.pages of analytical results, one page of quality
assurance data, the project chain of custody, and the sample receipt condition report. ThlS packet

contains 20 pages 1nclud1ng this cover letter

There were no problems‘_with the analyses and all data for the batch QC met USEPA or
laboratory specifications:: _

If you have any questions régarding these test results, please feel free to call. Energy
Laboratories, Inc. apprecmtes the opportumty to provide you with analytical services for your

projects. .
cifu’l:ssészs.'f; cﬁé:::_ﬂ, Mt _.;,
Approved By: QAQC - Data Validation:

COMPLETE ANALYTICAL SERVICES
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International Uranium (USA) Corp-Blandin

Report Date: 07/05/01

CLIENT: :

Lab Order: C01060297 Collection Date: 06/21/01 10:34

Project: White Mesa Mill Client Sample ID: WMMTW4-1

Lab ID: C01060297-001 Matrix: AQUEOUS

, —_ MCL/ ——e

Analyses Result:  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chloroform 6000 ug/l. 200 SW8260B 06/28/01 17:03 /rlo
Surr: 1,2-Dichlorobenzene-d4 99.8 %REC 80-120 SW8260B 06/28/01 17:03 / rlo
Surr: Dibromofluoromethane 111 %REC 80-120 = SW82608B 06/28/01 17:03 / do
Surmr: p-Bromofiuorobenzene 102 %REC 80-120 SW8260B 06/28/01 17:03 / rio

102 %REC 80-120 SwW8260B 06/28/01 17:03 /do

Surr: Toluene-d8

Report
Definitions:

ND - Not detected at the reporting limit

J - Analyte detected below quantitation limits

B - Analyte detected in the associated method blank

MCL - Maximum contaminant level

QCL - Quality control limit

R - RPD outside accepted recovery limits

S - Spike recovery outside accepted recovery limits

* . Value exceeds maximum contaminant level

RL - Analyte reporting level

Page 1 of 13
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CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/22/01 10:42

Project: White Mesa Mill Client Sample ID: WMMTW4-2

Lab ID: C01060297-002 Matrix: AQUEOUS

. SR - MCL -

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS '

Chioroform 5500 ug/L 200 SW82608 06/28/01 17:46 / rio
Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120 SwW82608B 06/28/01 17:46 / rlo
Surr; Dibromofluoromethane 114 %REC 80-120 - SW82608 06/28/01 17:46 / rio
Surr: p-Bromofiuorobenzene 102 %REC 80-120 SW8260B 06/28/01 17:46 / rio
Surr: Toluene-d8 100 %REC 80-120 Swa8260B 06/28/01 17:46 / rlo

Report ND - Not detected at the reporting limit S - Spike recovery outside accepted recovery limits
Definitions: J - Analyte detected be!owquantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank
MCL - Maximum contaminant level

QCL - Quality control limit

* . Value exceeds maximum contaminant level

RL -‘Analyte reporting level

Page 2 of 13
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CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/21/0]1 09:04

Project: White Mesa Mill - Client Sample ID: WMMTW4-3

Lab ID: C01060297-003 Matrix;: AQUEOUS

MCL/ -

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chioroform 300  ught 50 SW82608 06/28/01 18:28 / rio
Surr: 1,2-Dichlorobenzene-d4 98.8 %REC 80-120 SwW82608B 06/28/01 18:28 / rio
Surr: Dibromofiucromethane 113 %REC 80-120 SW8260B 06/28/01 18:28 / rio
Surr: p-Bromofluorobenzene 102 %REC 80-120 SW8260B . 06/28/01 18:28 / rio
Surr: Toluene-d8 : 101 %REC 80-120 Sw8260B - 06/28/01 18:28 / rlo

Report ND - Not detected at the reporting limit S - Spike recovery outside accepted recovery limits

Definitions: J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level

QCL - Quality control limit Page 3 of 13
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CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01 -
Lab Order: C01060297 " Collection Date: 06/20/01 09:36
Project: White Mesa Mill Client Sample ID: WMMTW4-4
Lab ID: C01060297-004  Matrix: AQUEOUS '
e e e e e .. MCL/ —_— .
Analyses Result Units Qual RL QCL = Method Analysis Date / By
VOLATILE ORGANIC COMPOUNDS '
Chloroform 3100 ug/t 200 SW82608B 06/28/01 19:11 / rlo
Surr: 1,2-Dichlorobenzene-d4 100 %REC ) 80-120 $SwW8260B 06/28/01 19:11 / o
Surr: Dibromofluoromethane 113 %REC 80-120 - SW82608B - 06/28/01 19:11 /do
Surr: p-Bromofluorobenzene - 103 %REC ’ 80-120 SW8260B 06/28/01 19:11 / rio
: 101 %REC _ 80-120 SW8260B 06/28/01 19:11 / rio

Surr: Toluene-d8

S - Spike recovery outside accepted recovery limits

Report ND - Not detected at the reporting limit
itions: T )
Definitions J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level i o

A QCL - Quality control limit Page 4 of 13
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CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/20/01 14:14

Project: White Mesa Mill Client Sample ID: WMMTW4-5

Lab ID: C01060297-005 = Matrix: AQUEQUS

» R, — e —— MCL/ —_— R —

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chloroform . 240 ug/L 10 Sw82608 06/28/01 19:53 / rlo
Surr: 1,2-Dichiorobenzene-d4 99.3 %REC 80-120 SW82608B 06/28/01 19:53 / rio
Surr: Dibromofluoromethane 117 %REC 80-120 © SwW8260B 06/28/01 19:53 / rio
Surr: p-Bromofluorobenzene 102 %REC 80-120 SWwW8260B 06/28/01 19:53 / rlo
Surr: Toluene-d8 102 %REC 80-120 SWS8260B ~  06/28/01 19:53/rlo

Report ND - Not detected at the reporting limit S - Spike recovery outside accepted recovery limits

Definitions: J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level

QCL - Quality control limit Page 5 of 13



YEL /)

CLIENT: International Uranium (USA) Corp-Blandin

Lab Order: C01060297 .

Report Date: 07/05/01
Coliection Date: 06/20/01 09:58
Client Sample ID: WMMTW4-6

B - Anaiyte detected in the associated method blank

MCL - Maximum contaminant level

QCL - Quality control limit

Project: White Mesa Mill
-Lab ID: C01060297-006 Matrix: AQUEOUS
MCL/ ' .

Analyses Result  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS ) ,

Chioroform ND . ugll 2.0 SW82608 06/28/01 20:36 / rlo
Surr: 1,2-Dichlorobenzene-d4 100 %REC 80-120 SW82608B 06/28/01 20:36 / rlo
Surr: Dibromofluoromethane 114 %REC 80-120° SwW8260B 06/28/01 20:36 / rio
Surr: p-Bromofiuorobenzene 102 %REC 80-120 sSW8260B . 06/28/01 20:36 / rlo
Surr: Toluene-d8 102 %REC 80-120 SW8260B 06/28/01 20:36 / rlo

Report ND - Not detected at the reporting limit S - Spike recovery outside accepted recovery limits

Definitions: J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

* - Value exceeds maximum contaminant level

RL - Analyte reporting level
Page 6 of 13
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CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01
Lab Order: COI,Q60297 Collection Date: 06/20/01 12:55
Project: White Mesa Mill Client Sample ID: WMMTW4-8
Lab ID: C01060297-007 Matrix: AQUEQUS
- e ot e e+ e _— MCL/ —_— e —
Analyses Result  Units Qual RL QCL Method Analysis Date / By
VOLATILE ORGANIC COMPOUNDS
Chloroform 180 ug/L 10 SwW82608 06/28/01 21:19 / o
Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120 SWwW82608 06/28/01 21:19/ rlo
Surr; Dibromofluoromethane 112 %REC 80-120 © SW8260B 06/28/01 21:19 / rio
Surr: p-Bromofluorobenzene 103 %REC 80-120 Sw8260B 06/28/01 21:19 / ro
Surm: Toluene-d8 102 %REC 80-120 SWB8260B 06/28/01 21:19 / rlo
R'eport ND - Not detected at the reporting limit S - Spike recovery outside accepted fecovery limits
Definitions: . .
R - RPD outside accepted recovery limits

J - Analyte detected below quantitation limits
B - Analyte detected in the associated method blank
MCL - Maximum contaminant level

QCL - Quality control limit

* . Value exceeds maximum contaminant level
RL - Analyte reporting level
Page 7 0of 13
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Report Date: 07/05/01 -

CLIENT: International Uranium (USA) Corp-Blandin

Lab Order: C01060297 : Collection Date: 06/20/01 11:09

Project: White Mesa Mill Client Sample ID: WMMTW4-9

Lab ID: C01060297-008 Matrix: AQUEOUS '

Analyses Result  Units Qual RL QCL Method Analysis Date / By

ORGANIC COMPOUNDS _

Chloroform 59 ug/L 2.0 SW82608 06/28/01 22:01 / rlo
Surr: 1,2-Dichlorobenzene-d4 .98.3 %REC 80-120 SwW8260B 06/28/01 22:01 / rlo
Surr: Dibromoflucromethane 112 %REC 80-120 SW8260B 06/28/01 22:01 / rlo
Surr: p-Bromofluorobenzene 103 %REC 80-120 SW8260B 06/28/01 22:01 /rlo

102 %REC 80-120 Sw8260B 06/28/01 22:01 / rlo

Surr: Toluene-d8

Report
Definitions:

ND - Not detected at the reporting limit
] - Analyte detected below guantitation limits

B - Analyte detected in the associated method blank

MCL - Maximum contaminant leve!

QCL - Quality control limit

R - RPD outside accepted recovery limits

S - Spike recovery outside accepted recovery limits

* . Value exceeds maximum contaminant level

RL - Analyte reporting level

Page 8 of 13



VEL ]

Report Date: 07/05/01

CLIENT: International Uranium (USA) Corp-Blandin

Lab Order: C01060297 Collection Date: 06/21/01 09:50

Project: White Mesa Mill Client Sample ID: WMMTW4.7

Lab ID: C01060297-009  Matrix: AQUEOUS

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

ORGANIC COMPOUNDS ’

Chloroform 1100 ug/L 50 SW82608 06/28/01 22:44 / ro
Surr: 1,2-Dichlorobenzene-d4 98.5 %REC 80-120 SW8260B 06/28/01 22:44 / fo
Surr: Dibromofluoromethane 113 %REC 80-120 - SW8260B 06/28/01 22:44 / rio
Surr: p-Bromofluorobenzene 103 %REC 80-120 SwW8260B 06/28/01 22:44 / rio

101 %REC 80-120 SwW8260B 06/28/01 22:44 / rio

Surr: Toluene-d8

ND - Not detected at the reporting limit

J - Analyte detected below quantitation limits

Report
Definitions:

B - Analyte detected in the associated method blank
MCL - Maximum contaminant level

QCL - Quality control limit

S - Spike recovery outside accepted recovery limits

R - RPD outside accepted recovery limits

* - Value exceeds maximum contaminant level

RL - Analyte reporting level

Page 9 of 13




YEL /4

Surr: Toluene-d8

CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/22/01 11:25

Project: White Mesa Mill ’ Client Sample ID: WMMMW-4

Lab ID: C01060297-010  Matrix: AQUEOUS

Analyses Result Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS - » v .

Chloroform 6300 ug/L : 400 Sw8260B 06/28/01 23:26 / rio
Surr: 1,2-Dichlorobenzene-d4 ' 99.0 %REC 80-120 SW8260B 06/28/01 23:26 / rlo
Surr: Dibromoflucromethane 117 %REC 80-120 - SW8260B 06/28/01 23:26 / rio
Surr: p-Bromofiuorobenzene 105 %REC 80-120 SW8260B 06/28/01 23:26 / ro

101 %REC 80-120 SwW8260B 06/28/01 23:26 / rio

S - Spike recovery outside accepted recovery limits

Report ND - Not detected at the reporting limit
Definitions: TS . L
J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits
B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level

QCL - Quality control limit

Page 10 of 13



VEL /4

CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/21/01 09:04

Project: White Mesa Mill Client Sample ID: WMMTW4-10

Lab ID: C01060297-011  Matrix: AQUEOUS

SR SO — G S Mo e

Analyses Result  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chioroform 320 ugll . 2.0 Sws260B 06/29/01 00:09 / rio
Sumr: 1,2-Dichlorobenzene-d4 97.9 %REC 80-120 SW8260B 06/29/01 00:09 / rio
Surr: Dibromofiucromethane 116 %REC 80-120 SW8260B 06/29/01 00:09 / rio
Surm: p-Bromofiuorobenzene 102 %REC 80-120 SwW8260B ~ 06/29/01 00:09 / rlo
Surr: Toluene-d8 102 %REC ’ 80-120 Sws8z260B 06/29/01 00:09 / rlo

Re|;|;;'t N };D - Not detected at the reporting limit S - Spike recovery outside accepted recovery limits

Definitions: J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level

QCL - Quality control limit Page 11 of 13



International Uranium (USA) Corp-Blandin

Report Date: 07/05/01 -

CLIENT:

Lab Order: C01060297 Collection Date: 06/21/01 12:11

Project: White Mesa Mill Client Sample ID: WMMTW4-11

Lab ID: C01060297-012 Matrix: AQUEOUS

Analyses Result  Units "Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chioroform 3.0 ug/L 1.0 SW8260B 06/29/01 00:51 / rlo
Surr: 1,2-Dichlorobenzene-d4 ' 102 %REC: - 80-120 SW82608B 06/29/01 00:51 / rio -
Surr: Dibromofluoromethane 118 %REC 80-120 SW8260B 06/29/01 00:51/ rio
Surr: p-Bromofiuorobenzene 103 %REC 80-120 SwW8260B 06/29/01 00:51 / rio

80-120 SW8260B 06/29/01 00:51 / rio

Surr: Toluene-d8 102 %REC

Report
Definitions:

ND - Not detected at the reporting limit

J - Analyte detected below quantitation limits

B - Analyte detected in the associated method blank
MCL - Maximum contaminant level

QCL - Quality control limit

S - Spike recovery outside accepted recovery limits
R - RPD outside accepted recovery limits

* - Value exceeds maximum contaminant level

RL - Analyte reporting level -
Page 12 of 13



VE2.7)

CLIENT: International Uranium (USA) Corp-Blandin Report Date: 07/05/01

Lab Order: C01060297 Collection Date: 06/22/01 13:50

Project: White Mesa Mill Client Sample ID: WMMTW4-Comp

Lab ID: C01060297-013  Matrix: AQUEQUS

e+ e e e e —— MCL/ —_

Analyses Result  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS :

Chioroform 960 ug/l. 100 Swg2608 06/29/01 01:34 / ro
Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120 SwW8260B 06/29/01 01:34 /rio
Surr: Dibromofluoromethane 118 %REC 80-120 - SW8260B 06/29/01 01:34 / rlo
Surr: p-Bromofiuorobenzene 103 %REC 80-120 SW82608 06/29/01 01:34 / o
Surr: Toluene-d8 103 %REC 80-120 SW8260B 06/29/01 01:34 / rlo

Rep-;; o ——ND— jN:)t detected at the reporting limit S - Spike recovery outside accepted recovery limits

Definitions: J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits

B - Analyte detected in the associated method blank * - Value exceeds maximum contaminant level

MCL - Maximum contaminant level RL - Analyte reporting level

QCL - Quality control limit Page 13 of 13



IEL IS

CLIENT: International Uranium (USA) Corp-Blandin ANALYTICAL QC SUMMARY REPORT Date: 05-Jul-01
Work Order: C01060297
Project: White Mesa Mill TestCode: VOC-8260-W-SHT
Sample 1D: Method Blank # SampType: MBLK TestCode: VOC-8260-W-SHT Units: ug/L Prep Date: Run ID: GCMS1-C_010628A
Client ID: Batch ID: R282 TestNo: SW8260B Analysis Date: 6/28/2001 SeqgNo: 5880
Analyte Result PQL ~ SPKvalue SPK RefVal %REC Lowlimit HighLimit RPD Ref Val %RPD RPDLimit Qual
Chloroform ND 1.0
Surr: 1,2-Dichlorobenzene-d4 9.99 0 10 0 99.9 80 120 0 0
Surr; Dibromofluoromethane 11.43 0 10 0 114 80 120 0 0
Surr: p-Bromofluorobenzene 10.29 0 10 . 0 103 80 120 0 0
Surr: Toluene-d8 10.13 0 10 0 101 . 80 120 0 0
Sample ID: C01060297-013A SampType: MS TestCode: VOC-8260-W-SHT Units: ug/L Prep Date: Run ID: GCMS1-C_010628A

ClientID: WMMTW4-Comp Batch ID: R282

TestNo: SW82608

Analysis Date: 6/29/2001 SeqgNo: 5894

Analyte Result PQL SPKvalue SPKRefVval %REC LowLimit HighLimit RPD RefVal %RPD RPDLimit = Qual
Chloroform 13330 1000 10000 956 124 70 130 0 0

Surr: 1,2-Dichlorobenzene-d4 9960 0 10000 0 99.6 80 120 0 0

Surr: Dibromofluoromethane 11980 0 10000 0 120 80 120 0 0

Surr: p-Bromofluorobenzene 10390 0 10000 0 104 80 120 0 0

Surr: Toluene-d8 9890 0 10000 0 98.9 80 120 0 0
Sample ID: C01060297-013A SampType: MSD

ClientID: WMMTW4-Comp Batch ID: R282

TestCode: VOC-8260-W-SHT Units: ug/L
TestNo: SW8260B

Prep Date:
Analysis Date: 6/29/2001

Run iD: GCMS1-C_010628A
SeqNo: 5895

Analyte Result PQL  SPKvalue SPKRefVval %REC  LowLimit HighLimit RPD Ref Val %RPD RPODLimit Qual
Chioroform . 13570 1000 10000 956 126 70 130 13330 1.78 20 .
Surr: 1,2-Dichiorobenzene-d4 10110 0 10000 0 101 80 120 -0 0 -~ 10
Surr: Dibromofluoromethane 12070 0 10000 0 121 80 120 o 0 10 S
Surr: p-Bromofluorobenzene 10320 0 10000 0 103 80 120 -0 0 10
Surr: Toluene-d8 10180 0 10000 0 102 80 120 0 0 10

Qualifiers:

J - Analyte detected below quantitation limits

ND - Not Detected at the Reporting Limit

S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank

R - RPD outside accepted recovery limits Page l of 1




ENERGY

LABORATORIES B

MLLINGS, MT

CHAIN OF CUSTODY RECORD

PLEASE PRINT OR TYPE.ALlli
|NFORMAT'O;FXCEPT SIGNATURES
™ 7)

MRS

Received Date:
Login Date:

Shippedby: (AP - A1
Shipping Bill #:

Sample Temp: 55 ec

Cust. No.:
Custody Sed: Yes/No
Intact: Yes/No

Signature Match?:  Yes/No
if no - Reason:

V2 JOG. 17 P4 L For tob Use Only

PO, Box 3016 (59107
1120 Soth 270 1SN0 verdee

CASPER, WY
wants  RO0-735.4489
62526325
Fax  J06.252.6069

P.O. Box 3258 (R2602)
2393 Sah Creck Highway (R2601)  vwice  307.235.0515

GILLETTE, WY
wotls HRY-235-0815

Fax  307-234-1639
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2704 Bitlings Ave. (59600 Voice/Fax  J06-442-0711
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2062

« Billings ENERGY LABORATORIES, INC. 'S CHAIN OF CUSTODY RECORD toll free 1-888-235-0515
:g‘:ﬁg&: Mail Only: PO Box 3258 ®  Casper, WY o  82602-3258 voice  307-235-0515

* Rapid City UPS/FedEx Deliveries: = 2393 Salt Creek Highway *  Casper, WY o 82601 fax  307-234-1639
For Sample Tracking Purposes, Please Provide Contact Name and Telephone #’s as Indicated (SEE BACK OF FORM FOR EXAMPLES AND INS TRUCTIONS)
Project Name / Location / Purchase Order # / Bid # R Special Requests
254 Qv lor % Type of Analyses Requested
Q
2ee Scmplons ] Wh Ve { wd to, Ol g =) §
Name / Phone # / Fax # ° 2.0
225
ornd” 8§
Ouvd Tovle [tuss) b39-2290 Jeasp 675 - 222y §» 3 §
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7 - . o .
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Energy Laboratories, Inc.
SAMPLE CONDITION REPORT

This report provides information about thev_condition of the sample(s), and assocated
sample custody information on receipt at the laboratory. }

Client: Internatiomal Uranium (USA) Corporation Description: WATER
Lab ID(s): 01-33939-1 Thru 01-33939-14 Matrix: Licquid,Misc
Delivered by: UPS Date&Time Rec'd: 26-JUN-01 1000 Date&Time Col'd: 21-JUN-01 1034

Received by: Sara Hawken Logged In by: Tabitha Fassett

Chain of custody form completed & signed: Yes Comments:
Chain of custody seal: No Comments:
Chain of custody seal intact: . N/A Comments:
Signature match, chain of custody vs. seal: N/A  Comments:

Sample received Temperature: sC Comments:
Samples received within holding time: Yes Comments:
Samples received in proper containers: Yes Comments:

Samples Properly Preserved: Yes  Comments:

Bottle Types Received: 39-40ML VOA NF HCL (ABC)

Comments:



TABORATORIES

Billings « Casper « Gillette

ENERGY LABORATORIES, INC.

SHIPPING: 2393 SALT CREEK HIGHWAY '« CASPER, WY 82601

MAILING: PO. BOX 3258 « CASPER, WY 82602
E-mail: casper@ energyiab.com ¢ FAX: (307) 234-1639
PHONE: (307) 235-05156 « TOLL FREE: (888) 235-0515

Helena * Rapid City
LABORATORY ANALYSIS REPORT
Client: INTERNATIONAL URANIUM (USA) CORPORATION
Contact: Wally Brice
Sample Matrix: Liquid, Water
Date/Time Received: 06/26/2001 10:00
Report Date: July 11, 2001
Laboratory ID Sample Date / Time Sample ID Nitrate + Nitrite as N, mg/L
01-33936-1 06/21/2001 10:31 WMMTW4-1 8.81 ]
01-33936-2 06/22/2001 10:38 WMMTW4-2 9.67
01-33936-3 06/21/2001 08:58 WMMTW4-3 2.61
01-33936-4 06/22/2001 09:34 WMMTW4-4 14.00
01-33936-5 06/20/2001 14:09 WMMTW4-5 6.47
01-33936-6 06/20/2001 09:45 WMMTW4-6 < 0.10
01-33936-7 06/21/2001 09:50 WMMTW4-7 ©2.65
01-33936-8 06/20/2001 12:51 WMMTW4-8 < 0.10
01-33936-9 06/20/2001 11:00 WMMTW4-9 0.15
01-33936-10 06/22/2001 11:20 WMMMW4 9.02
01-33936-11 06/21/2001 08:58 WMMTW4-10 2.96
01-33936-12 06/21/2001 12:15 WMMTW4-11 3.19
01-33936-13 06/21/2001 12:17 WMMTW4-12 0.66
Quality Assurance Data :
Method EPA 353.2
- |Reporting Limit 0.10
. |RPD! 0.0
|Spike® 97
Analyst rwk v
Date / Time Analyzed 06/27/2001 14:18
NOTES:

(1) These values are an assessment of analytical precision. The acceptance range is 0-20% for sample results above 10 times

the reporting limit. This range is not applicable to samples with results below 10 times the reporting limit.
(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELI performs

a matrix spike on 10 percent of all samples for each analytical method.

msh: r:\reports\clients2001 \international_uranium_corp\iquid\33936-1-13.xIs

COMPLETE ANALYTICAL SERVICES 7

m—— LTI PN v
TRACIEC [0, PAG




ENERGY

Received Date: Cust. No - Z— /2 /1 .

. ’ | Login Date: Custody Sed: Yes/No
: Shipping Bill #: Signature Match?:  Yes/No
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Energy Laboratories, Inc.
SAMPLE CONDITION REPORT

This report provides information about the condition of the sample(s), and assocated
sample custody information on receipt at the laboratory.

Client: International Uranium (USA) Corporation Description: WATER
Lab ID(s): 01-33936-1 Thru 01-33936-13 Matrix: Liquid
‘Delivered by: UPS Date&Time Rec'd: 26-JUN-01 1000 Date&Time Col'd: 21-JUN-01 1031

Received by: Sara Hawken Logged In by: Kerri Schroeder

Chain of custody form completed & signed: Yes Comments:

Chain of custody seal: No Comments :
Chain of custody seal intact: N/A  Comments:
Signature match, chain of custody vs. seal: N/A = Comments:

Sample received Temperature: 5¢C Comments:

Samples received within holding time: Yes Comments:
Ssamples received in proper containers: Yes Comments:
Yes Comments:

Samples Properly Preserved:

Bottle Types Received: 12-1602 P NF H2S04 (A),2-1202 P NF H2S04 (AB)

Comments :

TRACHEIZ 0. PAGE KO.
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Energy Laboratories, Inc.

REPORT PACKAGE SUMMARY - FINAL P_AGE

Acronyms and Definitioms

Energy Laboratories, Inc. - Billings, Montana
Gillette, Wyoming
Helena, Montana

‘Rapid City,South Dakota

ELI-B _
ELI-G Energy Laboratories, .Inc.

ELI-H Energy Laboratories, Inc.
ELI-R Energy Laboratories, Inc.

Carry over from previous sample

co -
ip - Insufficient parameters

N/A - Not Applicable

NA - Not Analyzed ‘

ND - Analyte Not Detected at Stated Limit of Detection

NR - Analyte Not Requested
NST No Sample Time Given
NSD - No Sample Date Given

This Package Contains the following Client ID(s) and Lab ID(s)

WMMMW4 is associated to Lab ID: 01-33936-10
Client ID: WMMTW4-1 is associated to Lab ID: 01-33936-1
Client ID: WMMTW4-10 is associated to Lab ID: 01-33936-11
Client ID: WMMTW4-11 is associated to Lab ID: 01-33936-12
Client ID: WMMTW4-12 is associated to Lab ID: 01-33936-13
Client ID: WMMTW4-2 'is associated to Lab ID: 01-33936-2
Client ID: WMMTW4-3 is associated to Lab ID: 01-33936-3
Client ID: WMMTW4-4 is associated to Lab ID: 01-33936-4
Client ID: WMMTW4-5 is associated to Lab ID: 01-33936-5
Client ID: WMMIW4-6 is associated to Lab ID: 01-33936-6
Client ID: WMMTW4-7 is associated to Lab ID: 01-33936-7
Client ID: WMMTW4-8 is associated to Lab ID: 01-33936-8
Client ID: WMMTW4-9 is associated to Lab ID: 01-33936-9

Client ID:

/Kf Cflmss Yocum

QuALTY ASSURANCE DirECTOR

Approved By: % ﬁ?&ﬁé\ Reviewed By:

Sreves § Caaares
Salamcs SusLRALTe

This is the last page of the Laboratory Analysis Report. TRAQKIMA ¥R pApE M

Additional QC is available upon request. . TRACKIME B0, PAGE NO.

The report contains the number of pages indicated by the last 4 digits, . . . . T’U o C _
ToaNEnAdnn0!



Nov-08-01  10:40am  From-iUC BLANDING

801 678 2224 T-555  P.002/012 F-725

ENERGY LABORATORIES. NC. - 2393 Salt Creek Highway (62601) * PO, Box ** 8 - Casper, WY 82502
Toll Free 866.235.0575 - 307. 0515 - Fax 307.234.1639 + casper@encrgyiab.c -wwmefﬁ'ar?y/ab.mm_

LABORATQRIES

LABORATORY ANALYTICAL REPORT

Client: International Uranium (USA) Corp Lab Order: C01090685

Project:  3rd Qur CIW Sampling - White Mesa Mill Report Date:  10/16/01

LabID: (C01090685-001 Collection Date: 09/20/01 10:52

Client Sample ID: WMMTW4-2 DateReceived: 09/25/01

Matrix: AQUEQUS
MCL/ .

Analyses Result Units Qual RL QCIL  Method Analysis Date / By

VOGS : v

Chnloroform 4300 ug/L 400 SW82608 10/04/01 00:56 / rh
Surr: 1,2-Dichlorobenzene-dé 101 %REC 80-120 SW82608 10/04/01 00:58 / rh
Surr: Dibromofiucromethane a35 %REC ’ 80-120 SWB82608 10/04/01 00:56 / th
Sum: p-Bromofliuorabenzene 83.0 %REC 80-120 SW82608 - 10/04/01 00:56 7 th
Sur: Toluene-d8 5.6 %REC 80120 SwWB8260B 10/04!91 00:56 / th

LabID: C01090685-002 Collection Date: 09/20/01 10:25

Client Sample ID; WMMTW43 DateReceived: 09/25/01

Matrix: AQUEQOUS
MCL/

Analyses . Result  Units Qual RI. QCL.  Method Analysis Date / By

VOGS .

Chigroform 300 ug/lL 100 SwWs240B 10/02/01 22:30 / th
Sum: 1,2-Dichlorobenzene-d4 102 %REC 80-120 Swa2608 10/02i01 22:30 / th
Surr; Dibromofiuoromethane 109 %REC 80-120 SW82608 10/02/01 22:30 [ th
Surr: p-Bromofiuorebenzene 88.8 %REC 80-120 S$wWa260B 10/02/01 22:30 7 eh
Surr; Toluene-d8 96.9 %REC B0-120 $WB82608 10/02/01 22:30 { th

LabID:  C01090685-003 ' Collection Date: 09/20/01 10:50

Client Sample ID: WMMTW4-4 DateReceived: 09/25/01

Matrix: AQUEQUS
MCL!

Analyses Result  Units Qual RL QCL  Mecthed Analysis Date / By

vocs

Chiaroform . 3200 ug/L 200 Sw8a2608 10/02/01 23;11 I/ th
Sur: 1.2-Dichlorobenzene-d4 101 %REC 80-120 SWwW3a260B 10/02/01 23:11/
Surr: Dibromofiuoromethane 107 %REC B0-120 SW6280B 10/02/01 23:41/ h
Surr; p-Bromoﬂﬁurobenzene 88.9 %REC 80-120 SW82608 10/02/01 23:11 7/ rh
Surr; Toluene-d8 95.5 %REC 80-120 SWB250B 10/02/01 23:11 ! h

Report ND - Not detected at the reporting Jimit RL - Analyte reporting level
Definitions: MCL - Maximum contaminant level QCL - Quality convrol limit
TRAS Ty, BruoT oy
il "~ - hd \'-‘ 't‘ -~ -
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LABORATORIES

801 678 2224 T-555  P.0B3/012 F-725

ENERGY LABORATORIES- 'NC. - 2393 Salt Craak Highway (82601)+ RO, Box * =9 - Casper, Wy
Toll Free 886.235.0515 - 907, 0515+ Fax 307.254.1630 }é.a(sper@)e:nergy/ab.o. o orlob e

www.enargplab.com

LABORATORY ANALYTICAL REPORT

Lab Order: C01090685

Client: International Uranium (USA) Corp
Project:  3rd Qtr CIW Sampling - White Mesa Mill Report Date:  10/16/01
LabID:  C01090685-004 Collection Date: 09/20/01 10:05
Clicnt Sample ID: WMMTWA4-5 DateReceived: 09/25/01
Matrix: AQUEQUS

, MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
vOCS

Chleroform 240 ug/L 20 Sws2608 10/04/01 04:37 / ¢h
Surr: 1,2-Dichlorobenzene-d4 100 %REC 80-120 SW82608 10/04101 01:37 / th
Surm. Dibromoflucromethane 92.5 %REC 80-120 SW82608 10/04/01 01:37 / th
Suir: p-Bromofiucrobenzene 82.8 %REC 80-120 SWB82603 10/04/01 01:37 / th
Surr: Toluene-d8 94,3 %REC 80-120 SWB82808 10/04/01 01:37 / th

LabID: C01090685-005 Collection Date: 09/20/01 09:16

Client Sample ID: WMMTW4-6 DateReccived: 09/25/01 o

Matrix: AQUEOUS
MCL/

Analyses Result Units Qual RL QCL. Method Analysijs Date / By

vOCs

Chioroform 3.6 ug/L 2.0 Swg2608 10/03/01 13:21/h
Surr: 1,2-Dichlorobenzene-d4 99.0 %REC 80-120 SwWg260B 10/03/01 13:21 / th
Sum: Dibromofluoromethane 100 %REC 80-120 SwWB8260B 10/03/01 13:21/th
Surr. p-Bromofluorobenzene 86.9 %REC 80-120 Swa260B 10/03/01 13:21/rh
Surr: Toluene-d8 : 8.1 %REC 80-120 Swaz60B 10/03/0% 13:21 /¢h

-LabID:  C01090685-006 Collection Date: 09/20/01 10:43
- Client Sample ID: WMMTW4-7 DateReceived: 09/25/01
Matrix: AQUEQUS
. MCL/

Analyses Result  Units Qual RI. QCL  Method Analysis Date / By

VOCS .

Chioroform 1200 ug/L. 100 SW8260B 10/03/01 14:02 / th
Surr: 1,2-Dichlorobenzene-d4 98.9 %REC 80-120 Swas260B 10/03/01 14:02 /¢h
Surr: Dibromoflucromethane 98.6 %REC 80-120 Sw82608 10/03/01 14:02 / th
Sure: p-Bromofiverobenzene 88.7 “%REC 80-120 SwWB260B 10/03/01 14:02 / th
Surr: Toluene-dig 95.2 %REC 80-120 SWwWs260B 10/03/01 14:02/ th

Report ND - Not detected at the reporting limit RL - Analyte reporting level
Definitions: QCL - Quality control limit

MCL - Maximum contaminant level



Nov-08-01  10:40am  From-IUC BLANDING 801 678 2224 o T-555 P 004/012 F-725

ENERGY LABORATORIES *NC. - 2393 Salt Craek Highway (52601) - RO. Box ™ ™1 - Casper, WY 82602
ToN Free 888.235.0515 « 307.. 7515 - Fax 307.234.1639 - casper@energylab.C - www.enemylab.com

LAEORATORIES |

LABORATORY ANALYTICAL REPORT

Client: International Uranium (USA) Corp Lnbv Order: C01090685

Project:  3rd Qur CTW Sampling - White Mesa Mill Report Date: 10/16/01
LabID: C01050685-007 Collection Date: 09/20/01 09:46
Client Sample ID: 'WMMTW4-8 DateReceived: 09/25/01
Matrix: AQUEQUS
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

VOCS

Chieroform 180 ug/L 10 Swa2608 10/03/01 14:43 / th
Sum; 1,2-Dichiorobenzene-d4 99.4 %REC 80-120 SW82608B 10/03/01 14:43 / th
Surr: Dibromefluoromethane 102 %REC 80-120 SWB260B 10/03/01 14:43 / rh
Surr: p-Bromofluorobenzene 87.8 %REC '~ B0-120 SW82608B 10/03/01 14:43 I oy
Surr: Toluene-d8 85.9 %REC 80-120 SW8260B 10/03/01 14:43 / th

LabID: (C01090685-008 Collection Date: 09/20/01 09:31

Client Sample ID: WMMTW4-9 DateReceived: 09/25/01

Matrix: AQUEQUS
MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By

vVOcs .

Chioroform 19 ugiL 2,0 SW3a2608 10/04/01 02:27 / th
Surr: 1,2-Dichlorobenzene-d4 89.2 %REC 80-120 SwW8&260B 10/04/01 02:27 I th
Surr: Dibromofluoromethane 921 %REC 80-120 SW82608B 10/04/01 02:27 / th
Surr: p-Bromofluorobenzene B48 %REC 80-120 5W82608 10/04/01 02:27 / th
Surr: Toluene-d8 97.3 %REC 80-120 SW82608B 10/04/01 02:27 / th

LabID: C01090685-009 : Collection Date: 09/20/01 11:20

Client Sample ID: WMMMWA4 DateReceived: 09/25/01

Matrix: AQUEOUS
MCL/

Analyses Result  Units Qual RL QCL Method Analysis Date / By

vOCs

Chiorgform 5300 uall 400 swa2608 10/03/01 16:04 / rir
Surr 1,2-Dighiorobenzene-d4 102 %REC 80-120 Swa2608 10/03/01 16:04 / th
Surr: Dibromofluoromethane 102 %REC 80120 SWbB2608 10/03/01 16:04 / rh
Surr; p-Bromefluorobenzene 87.2 %REC 80-120 SWB2608 10/03/01 16:04 /vh
Surr: Toluene-dé 96.7 %REC 80-120 SW8260B 10/03/01 16:04 I th

Report ND - Not detected at the reporting limit RL - Analyte reporting level

Definitions: MCL - Maximum contaminant level QCL - Quality control limit
TRNGMIN U, PApE N
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Nov-08-01

10:40am  From-1UC BLANDING

801 678 2224

T-585

P.005/012 F-725

ENERGY LABORATORIES- *NC. + 2393 Salt Creek Highway (82601) - F.O. Box \~9 - Casper, WY 82602

MCL - Maximum contaminant level

QCL - Quzlity control limit

Toll Free 868.255.0515 - 307.  J515 « Fax 307.234.1639 - casper@encigylab.c.  www.energylab.com
J LABORATORIES §
LABORATORY ANALYTICAL REPORT
Client: International Uranium (USA) Corp Lab Order: C01090685
Project: 3rd Qu CIW Sampling - White Mcsa Mill Report Date:  10/16/01
LabID: C01090685-010 Collection Date: 08/22/01 10:20
Client Sample ID: Trip Blank DatcReceived: 09/25/01
Matrix: AQUEOUS
MCL/

Analyses Result Units Qual RL QCL  Mecthod Analysis Date / By
VOCS v
Chloroform - ND ug/l 1.0 SwWg2608 10/02/01 16:59 / th

Surr: 1.2-Dichlorobenzene-ti4 101 %REC BD-120 SW8260B 10/02/01 16:59 / rh

Surr: Dibromofluoromethane 102 %REC B0-120 SWB8260B 10/02/01 16:59 /rh .

Surr: p-Bromofluorobenzene 86.7 %REC 80120 SWa260B8 10/02/01 16:59 / th

Surr: Toluene-d8 86.7 %REC 80-120 SW82608 10/02/01 16:59 / rh
Report ND - Not derected at the reporting limit RL - Analyre reporting level
Definitions:

T e e -
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CLIENT:
Work Order:
Projeet:

L LABORATORIES

ENERGY LABORATORIES, INC.

P.O. BOX 3258 CASPER, WY 82602 » 2393 SALT CREEK HIGHWAY + CASPER, WY 82801
PHONE (307) 235-0615 + FAX (307) 234-1639

International Uranium (USA) Corp
C01090685
3rd Qtr CIW Sampling - White Mesa Mill

ANALYTICAY. QC SUMMARY REPORT

TesiNo:

Date: {8-Oct-01

SW8260B

Sampie ID: WMethod Blank #
CllentiD:

SampType: MBLK

Batch iD: R2449

TesiCode: VOC-8280-W-SHT Unlls: ugfL
TestNo: SWa2608

Prep Date:
Analysis Date:  10/1/2001

RunID: GCMS1-C_011001A
SeqNo: 48698

Analyte Result PQL SPKvalus SPK Ref val - %REC Lowlimit HighLimit RPD Ref Val %RPD RPDLImit Qual
Chiotoform ND 1.0

Sum: 1,2-Dichlorobenzene-d4 98 0 10 0 98 80 120 4] 0

Surr: Obromoficcromethane 10.12 ¢ 10 0 101 80 120 0 0

Surr: p-Bramofuorobenzene 8.76 0 10 0 878 -8 120 [+ D

Surr; Toluene-d8 5.68 ¥} 10 0 96.8 a0 120 0 0
Sample ID: Method Blank # SampType: MBLK TestCode: VOC-8260-W-SHT Unis: ugiL Piep Dale: Run ID: GCMS4-C_011003C

Client ID:

Baich ID: R24584

TestNo: SW82608

Ana_tysis Date: 10/2/2001

SeqNo: 48751

Analyte Result PaL SPKvaius SPK Refval %REC Lovdimit Hightimit RPD RefVal %RPD RPDLIMt  Qual
Chloroform ND 1.0 ‘

Sum: 1,2-Dichiorobenzene-d4 10.13 0 10 0 101 80 120 0 0

Sum: Dibromoflugremethane 10.33 ¢ 10 o 103 80 120 (1} 0

Surr; p-Bromofluorobenzens 8.59 0 10 0 85.9 80 120 0 0

Surr: Toluene-d8 8.6 0 10 a = 80 120 0 0
Sample ID; Method Biank # SampType: MBLK TestCade: VOC-8260-W-SHT . Units: ugil. Prep Date: Run ID: GCMS1-C_041003C

Clienl 1D:

Batch 1D: R2484

TestNo: SWH260B

Anglysis Dale. 1032001

SeqNo: 49762

Analyte Resull PQL  SPKvalue SPK Refval %REC Lowlimit HighLimit RPD RefVai %RPD RPDLimit Qual
Chloraform ND 1.0
_ Surr: 1,2-Dichlarobenzene-d4 8.8 1} 10 0 - 28 80 120 D 1]
=) &ibr: DibromoNucromethane 10.42 0 10 ¢ 101 80 120 - 0 0
_. £ p-Bromefluerobenzene 8.76 0 10 0 878 80 120 0 0
‘ §drr: Toluene-d8 9.69 0 10 0 2.9 80 120 0 0
a3
Lo 1
1o L

:) Q]Is'l ifters:
¢ m

LY 35

ND - Not Detected at the Reporting Limil

I - Anatyte detected below quantitation limits

8 - Spike Recovery outside accepted recovery limils

R - RPD putside aceepted recovery limits

COMPLETE ANALYTICAL SERVICES

B - Anatyte detecled in Lhe associaled Method Blank

| 0-80-AON

S weipagl

INIONYTE Jn|-woJd

y222 819 108

210/900°d  4958-1

§22-4



VEL I

CLEENT:
YWork Order:
Project:

International Uranium (USA) Corp
C01090685
3rd Qtr CTW Sampling - While Mesa Mill

' ANALYTICAL QC SUMMARY REPORT

TestNo:

Date: f8-Oct-01

SW§260B

Samgle ID; Mathod Blank #
Cllent ID:

SampType: MBLK

Batch ID: R2464

TestCode: VOC-8260-W-SHT Units: ug/L

TasiNo: SW8260B

Prep Date:

Analysls Date:  10/14/2001

Run |D: GCMS1-G_011003C
SeqNo: 49769

Analyte Result PQL SPKvalue SPK RafVal %REC Lowlimit HighLimit RPD Ref Val %RPD RPDLImMH  Qual
Chloroform ND 10 , ‘

Surr: 1,2-Dichlorabenzene-d4 10.16 0 10 4} 102 . 80 120 0 0

Surr; Dibremofluaromathane 10.07 v 10 4 101 a0 120 a g

Surr: p-Bromofluorebenzene 243 D 10 0 B4.3 80 120 0 0

Sufr: Toluene-d8 9.51 0 10 0 85.4 80 120 0 0

Sample ID. C01090685-009A

SampType: MS

-
1 -—

~ 5

TestCode: YOG-B260-W-SHT Unlis: ugil Prep Date: Run ID: GCMS1-C_011001A
Clien! 1ID;  WMMMW4 Batch ID: R2449 TestNo: SWB260B Analysis Date:  10/1/2001 SeqNo: 49729
Analyte Result PQL  SPKvaluse SPKRefVal %REC Lovdimil Highlimit RPD RefVal %RPD RPOLImit Qual
Surr: 1,2-Dichlorobenzana-d4 9980 0 10000 0 99.8 80 120 0 0
Surr: Dibramafluaromethene 9770 0 10000 0 ar7.7 B8O 120 Q 0
Surr: p-Bromofuorobenzens 8730 0 40000 0 87.3 80 120 0 0
Sum: Teluene-ds 9620 Q 10000 0 96.2 80 120 0 ¢
Sample ID: C01090773-001A SampType: MS TestCode: VOC-82680-W-SHT Units: ug/L Prep Dale: Run ID: GCMS1-C_011003C
Client 1D: Balch ID: R2461 TesiNo: SW82608 Analysls Date:  10/2/2001 SeqiNo: 49752
Analyle Result PQL  SPKvalue SPK RefVal %REC Lowlimlt Highlimit RPD RefVal %RPD RPDLImit Qual
Chloroform 51.9 5.0 50 0 104 70 130 0 0
Sure; 4,2-Dichlorobenzene-d4 50.4 0 50 0 10 as 120 ¢ 0
Surr: Dibromofluaramethane §2.75 0 50 4] 106 80 120 0 0
- £yrr: p-Bromofluorabenzene 43.45 0 50 ¢ 86.9 80 120 0 0
-, Sier: Toluene-dB 47.75 0 50 ¢ 95.5 80 120 0 0
i 'E"-I
SRS
9 4
-1 L3
b
220 Quitifiers: ND - Not Detzcled al the Reporfing Limit § - Spike Recovery outside aceepted recovery limits B - Analyte delected in he associnted Method Blank
SL e ‘
. ; ;r.")1 ] - Annlyle detected below quantitation limits R - RPD outside accepted recovery Rmits
L
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JELI

CLIENT:
Work Order:
Project:

CQ1090685

International Uranium {(USA) Corp

ANALYTICAL QC SUMMARY REPORT

31d Qtr CTW Sampling - White Mesa Mill

TestNo:

Date: 78-Oct-0!

SW8260B

Sample 10: C01080685-008A
Client1;  WMMMNW4

SampType: MS
-Balch 1D: R2461

~ TesiCode: VOC-B260-W-SHT Units: ugil
TesiNo: SWE2608B

Prep Date:
Analysis Dale:  10f37200%

Run ID: GCMS{-C_011003C
SegNo: 40763

Analyta Result PQL  SPKvalue SPK RefVal %REC Lowiimii  Rightimit RPD Ref Val %RPD RPDUmMIt Qual
Chiazoform 16180 1000 10000 5280 105 70 130 o 0
Sur: 1,2-Dichiorobenzene-dé 9980 0 10000 0 89.8 ag 120 a 0
Sum: Dibromofluaromethane 9770 0 10000 o 87.7 a0 120 0 0
Sure: p-Bromofluorcbenzene 8730 0 10000 0 ar.3 80 128 4] 0
Sun: Toluane-d8 89620 0 10000 0 96.2 80 120 0 0
Sample ID: C01080695-012A SampType: MS TesiCode: YOC-8260-W-SHT Units: uprl Prep Date: Run iD: BCMS1-C_011003C
Cient ID: Batch ID: R2461 TesiNo: SW8260B Analysis Date: 10/5/2001 Seqio: 48770
Analyte Resuit PQL  SPKvalue SPK RefVal %REC Lowiimlt Highlimit RPO Ref Val %RPD RPDLIMit Qual
Chioraform 1047 50 1000 0 105 70 120 0 0 '
Surr: 1,2-Dichlorobenzene-d4 9496 0 1000 0 59,6 80 - 120 0 0
Surr; Dibromoflucrametlhane 882 1] 1000 0 98.2 a0 120 D H
Surr: p-Bremofiuorobenzene 8715 ¢ 1000 ¢ 87.5 80 120 0 0
Surr: Toluene-d8 970 0 1000 ) 97 a8 120 0 0
Sample {D: C01090685-009A SampType: MSD TestCoda: YOC-8260-W-SHT Unils: ugiL Prep Date: Run ID: GCMS1-C_011001A
Client ID:  WMMMW4 Batch ID: R2449 TestNo: SW82608 Analysls Dale: 10/1/2001 SeqNo: 49730
Analyle Resuil PQL SPK value SPK Ref Val %REC Lowllmit HighLimit RPD RefVal %RPD RPDUmIt Qual
Chioroform . 15250 1000 10000 5280 105 70 130 » 16180 2,68 20
Surr; 1,2-Dichlorobenzene-d4 © 10030 0 10000 1) 100 a0 120 0 0 10
s+ . Surr: Dibromoflvoremethane 9850 0 16000 0 98.5 ao 120 0 0 16
ol S'u’rr- p-Bromofiuorobenzene 8790 0 10000 0 879 a0 120 0 0. 10
5% Sﬁ:tr: Toluene-d8 9650 i} 10000 1] g6.5 ao 120 0 0 10
TR .
O |
ey T3
-l P iy
o
lQlla:]-l]‘h:rs: ND - Not Detecled at the Reporting Limit S - Spike Recovery autside accepted cecovery limils B - Analyle delecied in fhe associated Method Blank
S ;—1?; 1 - Analyte detecled helow quantitation limits R - RPD outside accepted recovery limils
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JELI

CLIENT:
Work Order:
Projeci:

International Uranium (USA) Corp
C01090685

3rd Qtr C1W Sampling - Whife Mesa Mill

ANALYTICAL QC SUMMARY REPORT

TestNeo:

Date: !8-Oci-0!

Sw8260B

Samptsa 1D: C01090773-001A
Client ID:

SampType: MSD
Batch 1D: R2481

Tes\Code: VOG-8260-W-SHT Unils: ugil.
TesiNo: SW82508

Piep Date:

Run1D: GCMS1-C_0110603C

INIGONY1§ On|-woid

Analysls Date:  10/2{2001 SeqNo: 48753

Analyle Result PQL  SPKvalue SPK RefVal %REC Lowlimit HighLimlit RPD RefVal %RPD RPOLImil  Qual
Chloroform 527 5.0 50 0 105 70 130D 51.9 1.53 20

Sur: 1,2-Dichlorobenzene-d4 519 0 50 Q 104 80 120 0 0 10

Suir: Dibromoflucramethans 53.8 0 50 0 108 80 120 0 0 10

Sum: p-Bromoflvorobenzene 44.15 0 50 0 88.3 80 i20 0 0 10

Sumr: Toluene-d8 48.5 2 50 0 97 ao 120 0 0 10
Sample i1D: CC1090885-009A SampType: MSD TestCode: VOC-B28D-W-SHT Units: ug/L Prap Date: Run {D: GCMS1-C_011003C

ClienlID; WMMMW4

Balch 10: R2461

TesMo: SW8260B

Analysis Date: 10312001

SeqNo: 49764

Analyte Resull PQL SPK value SPK Ref Val %REC Lovdimlt HighLimit RPD Ref val %RPD RPOLIMRt  Qual
Chlorolorm 15750 1000 10000 5280 105 70 130 - 16180 2.68 20
Surr: 1,2-Dichtcrobenzena-d4 14030 0 10000 0 100 80 120 0 0 10
Surr: Dibromoflusromethane 9850 0 16000 0 88.5 80 120 0 0 10
Surr: p-Bromofluorobenzens 8700 0 10000 0 87.8 80 120 0 0 10
© Sum; Toluene-d8 9650 0 40000 0 6.5 80 120 0 ] 10
Sample ID; €01090685-012A SampType: MSD Tes(Code: VOC-B260-W-SHT Unlls: ug/L Prep Date: Run ID: GCMS1-C_011003C

Client 1D:

Batch ID: R2461

TesiNo: Swe2808

Analysis Date:  10/5/2001

SeqNo: 49774

Analyte Rasult PQL  SPKvalue SPKRefVal %REC Lowdimit Hightimil RPC Ref Vel %RPD  RPDLmit  Qual
Chipraform 1073 50 1000 o 107 70 130 1047 245 20
Surr: 1,2-Dichlorabenzene-d4 1001 0 1000 0 100 80 120 0 0 1
~ Surr: Dibromoflucromathans 1035 i 1000 0 104 80 120 a ¢ 10
‘_sfdlr: p-Bromofiuorobenzene 870 Q 100D 0 - a7 80 120 0 ¢ 10
J, Surr Toluene-d8 861 Q 1000 0 6.1 80 120 0 0 10
Ly it
ory
Lo i
(e
- '-"Q ual iﬁen: ND - Not Detected at 1he Repocling Limil S - Spike Recovery outside accepled recovery limils B - Analyte detected in the associaled Method Blank
,:; {‘?\ ¥ - Analyte detected below guantitation limits R - RPD outside accepled recovery limi(s

|0-80-AON
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Nov-08-01  10:42am  From-1UC BLANDING 801 678 2224 T-555 P.010/812 F-725

ENERGY LABORATORIES, INC. - 2393 Salt Creck Highway (825'07} RO Bor 3258 - Casper, WY 82502
Toll Free 886.235.0515 + 3C . 6.0515 - Fax 307.234.1639 - casper@energylal 1 - wwwenergylab.com

L AGORATORIES

LABORATORY ANALYTICAL REFPORT
Client: International Urantum (USA) Corp Lab Order: C01090647
Project:  3rd Quarter 2001 Sampling Event White Mesa Mill Report Date:  10/04/01
LabID: C01090647-001 Collection Date: 09/20/01 11:02
Client Sample JD: WMMTW4-1 DateReceived: 09/25/0)
Matrix: AQUEOUS
MCL/
Analyses Result Units = Qual RL QCL  Mecthod Analysis Date / By
NON-METALS
Nitrogen, Nitrate+Nitrite as N 128 mg/l 0.50 E353.2 09/28/01 18:27 / rwk
LabID: C01090647-002 Collection Date: 09/20/01 10:55
Client Sample ID: WMMTW4-2 DateReceived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
NON-METALS
Nitrogen, Nitrete-+Nitrite as N 114 mg/L 0.50 E353.2 09/26/01 19:23 / rwk
LabID:  C01090647-003 Collection Date: 09/20/01 10:30
Client Sample I): WMMTW4-3 DateReceived: 09/25/01
' Matrix;: AQUEOUS
MCL/
Analyses Result  Units Qual RI. QCL Method Analysis Date / By
NON-METALS
Nitropen, Nitrate+Nitrite 8s N 3.06 mg/L 0.10 E353.2 09/26/01 19:33 / rwk
Lab ID: C01090647-004 Collection Date; 09/20/01 10:50
Client Sample ID: WMMTW4-4 DateReceived: 09/25/01
Matrix: AQUEOUS
MCL
Analyses Resnit Units Qual R QCL  Method Analysis Date / By
NON-METALS
Nitrogen, Nitrate+Nitrite as N 148 mo/L 1.00 E353.2 09/26/01 19:39 / rwk
Report ND - Not detected at the reporting limit RL - Analyte reporting level
Deflnitions: MCL - Maximum contaminant levei QCL - Quality control limit
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Nov-008-01 From-1UC BLANDING 801 678 2224 ‘1-555- P.011/012 F-T25
ENERGY LABORATORIES, INC. - 2393 Sait Craek Highway (62601) - F.O. Box.3258 - Casper, WY 82608
0l Freo 868.235.0515 + 30 “5.0515 - Fax 307.234.1639 - casper@energylak * - www.energyiab.com
y LA5ORATORIES § ' . -
LARORATORY ANALYTICAL REPORT
Client: International Uranium (USA) Corp Lab Order: C01050647
Project:  3rd Quarter 2001 Sampling Event White Mesa Mill Report Date:  10/04/01
Lab ID: C01090647-005 Collection Date: (09/20/01 10:10
Client Sample ID: WMMTW3-5 DateReceived: 09/25/01
Matrix: AQUEOUS
_ MCL/
Analyses Result Units Qual RL QCL  Method Analysis Date / By
NON-METALS
Nitrogen, Nitrata+Nitrite as N 210 mg/L 0.50 E353.2 09/281G1 19:41 / rwk
LabID: C01090647-006 Callection Date; 05/20/01 09:17
Client Sample ID: WMMTW4-6 DateReccived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Result Units Qual RL QCIL.  Method Analysis Date / By
NON-METALS
Nitrogen, Nitrate+Nitrita as N ND mgiL 0.10 E353.2 09/26/01 19:43 | rwk
Lab XD: C01090647-007 _ Collection Date: 05/20/01 10:43
Client Sample YD; WMMTW4-7 DateRecceived: 09/25/01
‘ Matrix: AQUEOUS
MCL/ .
Analyses Result Units Qual RL QCL Method Analysis Date / By
NON-METALS .
Nitrogen, Nitrate-tNitrite as N 3.38 mg/L 0.20 E353.2 09/26/01 19:45 / rwk
LabID; C01090647-008 Collection Date: 09/20/01 09:48
Client Sample ID: WMMTW4-8 DateReceived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Resnlt  Units Qual RL QCL  Mcthod Analysis Date / By
NON-METALS _
Nitrogen, Nitrate+Nitrite as N 0.35 mg/L. 0.10 E353.2 09/26/01 19:47 1 rwk

Report
Dcfinitions:

ND - Not derected at the reporting Jimit
MCL - Maximum contaminant level

RL - Analyte reporting level
QCL - Quality control limit
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Nov-08-01 .10:4Zam <From={UC BLANDING 801 678 2224 T-586  P.012/012 F-T25

ENERGY LABORATORIES, INC. - 2393 5ail Creek Highway (82601) - BO. Box °258 - Gasper, WY 82602
Toll Free 868.235.0515 - 30: - 9.0515 - Fax 307.234.1639 + casper@energylab; . - www.energylab.com

LABORATORY ANALYTICAL REPORT
Client: International Uraniut (USA) Corp Lab Order: C01090647
Project:  3rd Quarter 2001 Sampling Event White Mesa Mill Report Dare: - 10/04/01
LabID: C01090647-009 Collection Date: 05/20/01 09:33
Client Sample ID: WMMIW4-9 DateReceived: 09/25/01
Matrix: AQUEOUS
: MCL/
Analyses Result Units Qual RL QCL Method Analysis Date / By
NON-METALS
Nitrogen, Nitrate+Nitrite as N 0.40 ma/L 0.10 £353.2 09/26/01 19:83 / twk
LabID: C01090647-010 Collection Date: 09/20/01 11:22
Client Sample ID: WMMMTW4 DateReceived: 09/25/01
‘ Matrix: AQUEOUS
MCL/
Analyses Result  Units Qual RL QCL Method Analysis Date / By
NON-METALS .
Nitrogen, Nitrate+Nitrite as N 9.45 mafL - 0.80 E363.2 09/26101 19:55 / rwk
LabID: C01050647-011 Collection Date: 09/20/01 10:10
Client Sample ID: WMMTW4-10 DateReceived: 09/25/01
Maztrix: AQUEOUS
. MCL/
Analyses Result  Units Qual RL QCL Method Analysis Date / By
NON-METALS
- Nitrogen, Nitrate+Nitrite as N 232 ma/L 020 E353.2 09/26/01 20:01 / rwk
Report NI - Not detected at the reporting limit RL - Analyte reporting level
Defioitions:  MEL - Maimum contaminant Jevel QCL - Quality controi limit
TRACTIIR DL RAnE D
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6.5
REDUCTION-OXIDATION POTENTIAL (ELECTRODE

METHOD)

Reduction-oxidation potential (as Eh): a measure of the
equilibriumn potential, relative to the standard hydrogen
electrode, developed at the interface between a noble metal
electrode and an aqueous solution containing electroactive redox
species.

In contrast to other field measurements, the determination of the reduction-oxidation potential of water
(referred to as redox) should not be considered a routine determination. Measurement of redox potential,
described here as Eh measurement, is not recommended in general because of the difficulties inherent in
its theoretical concept and its practlcal measurement (see "Interferences and Limitations," section

6.5.3.A).

p Eh measurement may show qualitative trends but generally cannot be interpreted as
equilibrium values.

p Determinations of redox using the platinum (or other noble metal) electrode method
(Eh) are valid only when redox species are (a) electroactive, and (b) present in the
solution at concentrations of about 10-5 molal and higher. Redox species in natural
waters generally do not reach equilibrium with metal electrodes.

Procedures for equipment calibration (test procedures) and Eh measurement are described in this section
for the platinum electrode only. Although the general guidance given here applies to other types of redox
electrodes (such as gold and glassy carbon electrodes), it is necessary to consult the manufacturer's
instructions for correct use of the specific electrode selected. Concentrations of redox species can be
determined by direct chemical analysis instead of using the electrode method (Baedecker and Cozzarelli,

1992).
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6.5.1
EQUIPMENT AND SUPPLIES

The equipment and supplies needed for making Eh measurements using the platinum electrode method
are listed in table 6.5-1. Eh equipment must be tested before each field trip and cleaned soon after use.
Every instrument system used for Eh measurement must have a log book in which all the equipment
repairs and calibrations or equipment tests are recorded, along with the manufacturer make and model

numbers and serial or property number.

Electrodes. Select either a redox-sensing combination electrode or an electrode pair (a platinum and
reference electrode). Use of the correct electrolyte filling solution is essential to proper
measurement and is specified by the electrode manufacturer. Orion Company, for example,
recommends selection of a filling solution to best match the ionic strength of the sample solution, in
order to minimize junction potentials. '

Table 6.5-1. Equipment and supplies used for Eh measurements’
[m¥, miltivolt; £, plus or minus; pS/cm, microsiemens per centimeter at 25 degrees Cels fus]

7 Millivolt meter or pH meter with millivolt reading capability, prefarably with automatic
tamperature compensator; 0.1-mY sensltivity; scale to atleast+1,400 mV; BNC conngctar
(sea instrument specifications for pH meaters, 6.4.1in NFM 6.4)

v Redox slactrodes, eithar {8} platinum and refarence slactrode [calomal or silvar:silver-
chloride) or (b) combination electrade

v Electrods filling solutions { efar to manufacturer’s specifications)

«# Tharmometsr {liquid-in-glass or thermistor type), calibrated (see NFM 6.1 for
salection and calibration eriteria}—for usa with millivolt metars without temparatu
compensator

v Flowthrough cell with valves, tubing, and sccessories impermeable to air (for use
with pump system)

v Sampling system: (1) in situ {downhole) measurement instrument, or
(2) submarsibla pump {used with closed-system flowthrough call). Pump tubing
must be “impermeable” to cxygen.

# ZoBelil's solution
v Aqua regia or manufacturer's recommendad slactrode-cleening solution

# Liguid nonphosphate laborstory-grade detergent

v Mild sbrasive: crocus cloth or 400- to B00-grit weat/dry Carbonundum™ papar
# Delonized water {maximum conductivity of 1.0 pSfcmy)

/ Bottla, squeeze dispanser for deionized water

v Sefety equipmeant: gloves, glasses, apron, chemical spill kit

# Paper tissues, disposable, lint frae

v Waste-disposal container

1Madify this list to meet specific needs of the field effort.
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'CAUTION: The standard hydrogen refarence electrode (SHE) can

‘be dangerous and Is not recommended for field use.

p Silver:silver-chloride or calomel reference electrodes are the redox electrodes in
common use.

» The Orion™ combination electrodes are platinum redox and silver: silver-chloride
reference electrodeés in one body (the Orion™ brand is used for purposes of illustration
only).
ZoBell's solution. ZoBell's is the standard solution for testing redox instruments. ZoBell's solution can
be obtained from the QWSU in Ocala, Fla., or it can be prepared fresh (see below). Quinhydrone
solution is sometimes used but is not recommended because it is significantly less stable above 30°C and
its temperature dependence is not as well defined as that of ZoBell's.

ZoBell's solution consists of a 0.1 molal KCl solution containing equimolal amounts of K,Fe(CN), and
K,;Fe(CN),. ZoBell's is reported stable for at least 90 days if kept chilled at 4°C. To prepare ZoBell's

solution: :

1. Weigh the chemicals (dry chemicals should be stored overnight in a desiccator before use).
1.4080 g K Fe(CN),-3H,0 (Potassium ferrocyanide)
1.0975 g K;Fe(CN), (Potassium ferricyanide)
7.4557 g KCl (Potassium chloride)

2. Dissolve these chemicals in deionized water and dilute solution to 1,000 mL.

3. Store the solution in a dark bottle, clearly labeled with its chemical contents, preparation date, and
expiration date. Keep the solution chilled.

_ CAUTION: ZoBell's solution is toxic—handle with care.

Aqua regia. Aqua regia can be used for cleaning the Eh electrode (check the electrode manufacturer's
recommendations). Prepare the aqua regia at the time of use--do not store it. To prepare the aqua regia,
mix 1 volume concentrated nitric acid with 3 volumes of concentrated hydrochloric acid.

6.5.1.A
MAINTENANCE, CLEANING, AND STORAGE

Refer to 6.4.1 of NFM 6.4 on pH for general guidelines on meter and electrode maintenance, cleaning,
and storage. Follow the manufacturer's guidelines on the operation and maintenance of the meters and
electrodes, and keep a copy of the instruction manual with each instrument system. Keep the meters and
electrodes clean of dust and chemical spills, and handle them with care.

Maintenance

Keep the surface of noble electrodes clean of coatings or mineral deposits. A brightly polished metal
surface prevents deterioration of electrode response. The billet tip is more easily cleaned than the wire
tip on the platinum electrode. Condition and maintain the Eh electrodes as recommended by the

manufacturer.
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Cleaning

Keep the O-ring on electrodes moist during cleaning procedures.

p» To remove precipitate that forms on the outside wall or tip of the reference or
combination electrode, rinse the outside of the electrode with deionized water.

» If particulates or precipitates lodge in the space between the electrode sleeve and the
inner cone of sleeve-type electrode junctions, clean the chamber by flushing out the
filling solution (the precise procedure to be followed must come from the electrode

manufacturer).

» To remove oily residues, use a liquid nonphosphate detergent solution and polish the
surface with mild abrasive such as coarse cloth, a hard eraser, or 400- to 600-grit

wet/dry Carborundum™ paper (Bricker, 1982).

» To recondition the Eh electrode, immerse the electrode in warm aqua regia (70°C) for
about 1 minute. Do not immerse the electrode for longer than 1 minute because aqua
regia dissolves the noble metal as well as foreign matter and leads to an erratic electrode
response (Bricker, 1982). Soak the electrode several hours in tap water before use.

TECHNICAL NOTE: Disassembly of the electrode is not recommended for routine cleaning and should
only be used when absolutely needed. Additional cleaning and reconditioning procedures are discussed in
NFM 6.4 and in American Public Health Association and others (1992), American Society for Testing and
Materials (1990), Edmunds (1973), Adams (1969), and Callame (1968).

Storage

For short-term storage, immerse the electrode in deionized water to above the electrode junction and
keep the fill hole plugged to reduce evaporation of the filling solution. The recommended procedures for

_long-term storage of electrodes vary with the type of electrode and by manufacturer. The Orion™
combination electrodes are stored dry after rinsing precipitates from outside of the electrode, draining
the filling solution from the chamber, and flushing it with water (consult the manufacturer's cleaning
instructions). The electrode connector ends must be kept clean. Clean them with alcohol, if necessary.
Store the connector ends in a plastic bag when not in use.

Some of the procedures recammended herein for equipment operation
may be out of date if the equipment being used is different from that

described or incorporates more recent technological advances—follow
the manufacturer's instructions.
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6.5.2
EQUIPMENT TEST PROCEDURE

Eh measuring systems can be tested for accuracy but they cannot be adjusted. Eh equipment must be
tested, either in the laboratory or in the field, against a ZoBell's standard solution before making field
measurements. In general, field testing with ZoBell's is not required, but the protocol used will depend

on study needs.

» Before using, check that the ZoBell's solution has not exceeded its shelf life.
» Test the Eh equipment using the ZoBell's solution before and after field use.
p» DBe aware that:

- ZoBell's is toxic and needs to be handled with care.

- ZoBell's reacts readily with minute particles of iron, dust, and other substances,
making field use potentially difficult and messy.

The Eh measurements are made by inserting a platinum electrode coupled with a reference electrode into
the solution to be measured. The resulting potential, read directly in millivolts from a potentiometer
(such as a pH meter), is corrected for the difference between the standard potential of the reference
electrode being used at the solution temperature and the potential of the standard hydrogen electrode

table 6.5-2).

TECHNICAL NOTE: E ¢ is the whole-cell potential of the reference electrode in ZoBell's solution.

Eer= 238 mV (saturated KCl, immersed with the platinum electrode in ZoBell's at 25°C) is the measured
potential of the silver:silver-chloride (Ag:AgCl) electrode; '

Eer= 185.5 mV (saturated KCl, immersed with the platinum electrode in ZoBell's at 25°C) is the measured
potential of the calomel (Hg:HgCl,) electrode;

E° =430 mV is the standard electrode potential of ZoBell's solution measured against the hydrogen electrdde
at 25°C.,

Half-cell potentials for the calomel, silver:silver chloride, and combination electrodes are shown in table
6.5-2. Table 6.5-3 provides the theoretical Eh of ZoBell's solution as a function of temperature. For
those temperatures not shown on tables 6.5-2 and 6.5-3, interpolate the values. Add the value

- corresponding to the solution temperature to the measured potential electromotive force (emf

measurement).
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Table 6.5-2. Standard half-cell potentials of selected reference electrodes
as # function of temperature and potassium chloride reference-solution con-
entration, in volis '

Liguid-junction potential included—multiply volts by 1,000 to corvert to miltivalts; KT, petaséium
hleride; Temp °C, temperature in degreesCelsius; M, molar, —, value not provided in reference]

0220 0.215 B.214
15 B.216 1337 b.200 - — — B.251 X K]

i 0.213 0.208 0.204 0.257 (D262 -_ 0.248 D.249

25 6.200 0.205 0. 150 D256 DISG 0248 D248 D.246

ap 2.206 0.20% 0,184 0.253 B.248 B.244 B.24% D247

a5 0.202 D197 . 160 —_— — - 0.238 p.Z38

&0 [ %:: ] 6.153 X84 0.248 D.344 n.2® 0,234 0.234
M adified tra i Langmilt [1971).

EModified from Bstes (1873,

INo reiion [ 18775 and DK. Nerdgrom, LS, Geological Sutvey, widien cattrmaih., 1955; the kal-cail
potentials salcusted from Nodstro wi [1877) are recomitiended rither then the waluves from Chatesu (1668
chied inthe irslr wnersd manusl provided by the Drion Company becswse Nordstroms values were developed
specitically 61w Onon™ DE-78 redex electrode St provide ¢ eatdr sccuacy sid precicisn,

SOriBn™ man recapifnends that fr sample soluioks with sl ionic strength meseding 0.2
mmlar Mot example, seawater}, e s S8 KC)-sattrited fitling s alation (u wslly supplied wich the Drio n™ model
07-78 plecttodel and the half-cell poientials shown above for il sitversilver chloride satursted KCI eference

#leetrote,

{ Table 6.5-3. Eh of ZoBell's solution as a function

From Nordstrom {1977); *C, degrees Celsius; mV, millivolts]

To test Eh equipment, complete the following 7 steps and record results on the Eh data record form
for the equipment test procedure (fig. 6.5-1):

1. Follow the manufacturers' recommendations for instrument warm up and operation.

« Set the scale to the desired millivolt range.

« Record the type of reference electrode being used.

2. Unplug the fill hole. Shake the electrode gently to remove air bubbles from the sensing tip of the

« Use only the filling solution specified by the manufacturer.

electrode. Check the level of the filling solution and replenish to the bottom of the fill hole.

« The filling solution level must be at least 1 in. above the level of solution being measured.

3. Rinse the electrode, thermometer, and measurement beaker with deionized water. Blot (do not

2of 5
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wipe) excess moisture from the electrode.

Pour ZoBell's solution into a measurement beaker containing the electrode and temperature
Sensor. '

« The Eh electrode must not touch the bottom or side of the container.
o Add enough solution to cover the reference junction.
« Allow 15 to 30 minutes for the solution and sensors to equilibrate to ambient temperature.

Stir slowly with a magnetic stirrer (or swirl manually) to establish eQulhbnum between the
electrode(s) and solution. Switch the meter to the millivolt function, allow the reading to stabilize
(£5 mV), and record the temperature and millivolt value.

Look up the half-cell reference potential for the electrode being used (table 6.5-2). Add this value
to the measured potential to obtain the Eh of ZoBell's at ambient temperature.

o Ifthe value is within 5 mV of the ZoBell Eh given on table 6.5-3, the equipment is ready for
field use. (See the example below.)

« Refer to section 6.5.4 if the value is not within 5 mV of the ZoBell Eh.

Rinse off the electrodes and the thermometer thoroughly with deionized water. Store the test
solution temporarily for possible verification.

EXAMPLE:

Example of the equipment test procedure using a silver:silver chloride-saturated KCl (Ag:AgCl)
electrode.

Eh=emf+E,_,
where:

Eh is the potential (in millivolts) of the sample solution relative to the standard hydrogen
electrode,

emfor E,_,....15 the electromotive force or potential (in millivolts) of the water measured
at the sample temperature,

E, s the reference electrode potential of the ZoBell's solution corrected for the sample
temperature (table 6.5-2).

a. Follow steps 1-5 (above). For this example,
o Measured temperature = 22°C
o emf=238 mV.

b. Check table 6.5-2. The interpolated reference potential = 202 mV for Ag:AgCl-saturated
KCl at 22°C.

c. From Eh=emf+ E,,
Eh (ZoBell's) = 238 mV + 202 mV = 440 mV.
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d. Check table 6.5-3. The test value of 440 mV is within +£5 mV of 438 mV from table 6.5-3.
Thus, the equipment is functioning well and ready for field use.

Check the date on Zobell's sol

ution—-do not use solution past its
exp[.raﬁon dala. e i s

Eh Data Record

Equipment Test Procedure

Equipm ent description and identificstion {model and serial andior W numbar}:

Meter
Eh alectroda Reference alestrode
ZoBell's solution: Lot#____  Dste: prepared _ expirad _ .
Before sample Eh: After sample Eh:
1. Temperature of ZoBell'a solution: T=

{after equilibration to smbienttem perature}

2. Obssrved patential (in millivalts) of ZoBell's

relative to m easuring aiact'rnda, et

ambient tem perature (B 0o Or @)z emf=

3. Reference electrode potential {in millivolts)
at am bient tem perature from table 8.5-2

E gt Epat=

4. Caiculate Eh of ZoBall's: Eh = emfiE Eh=

5. Theorstical potential {in millivolts)
ofZoBell's at am bient tem parature
from table §.5-3: Eh {theoretical}=

8. Subtract calculsted Eh from Eh theoretical
{Zobell's}{step 4 minus step 5) AEh=

7. Check: is AEh within £ 5 mV? Observations:

Figure 6.5-1. Ehdata record: equipment test procedure.
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6.5.3
MEASUREMENT

To obtain accurate results, it is necessary to prevent losses and gains of dissolved gases in solution.
Consult NFM 6.0 for information on precautions and general procedures used in sample collection and
NFM 6.2 for a description of the flowthrough cell used in dissolved-oxygen determination (the
spectrophotometric method).

» Chemical, physical, and biological reactions can cause the Eh of water to change
significantly within minutes or even seconds after the collection of a sample.
» Water samples cannot be preserved and stored for the Eh measurement.

» Use equipment that eliminates sample aeration and operate the equipment to meet this
goal. If using a flowthrough chamber or cell:

-- Use tubing that is impermeable (relatively) to oxygen.

-- Channel the sample flow through an airtight cell (closed system) constructed
specifically to accommodate redox or ion-specific electrodes, temperature, and
other sensors.

-~ Connections and fittings must be airtight.

- Purge atmospheric oxygen from the sample tubing and associated flow channels
before measuring Eh.

Do not use pumping systems in which inert gas contacts and
lifts the sample fo the surface: the gas could strip gaseous redox

specles from the water.

Measure Eh in situ with a submersible instrument or use an airtight flowthrough system.
First:
1. Record the type of reference-electrode system being used (fig. 6.5-1).

2. Check for the correct electrode filling solution. If working in very hot or boiling waters, change
the reference electrode filling solution daily.

3. Keep the electrode surface brightly polished.

TECHNICAL NOTE: Temperature determines the Eh reference potential for a particular solution and
electrode pair, and may affect the reversibility of the redox reactions, the magnitude of the exchange current,
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and the stability of the apparent redox potential reading. The observed potential of the system will drift until
thermal equilibrium is established. Thermal equilibrium can take longer than 30 minutes but it is essential
before beginning the measurements. :

Next, measure the Eh and complete the field form (fig.6.5-2):

1. Select an in situ or closed- system sampling method. Immerse the electrodes and temperature
sensors in the sample water.

« Insitu (or downhole)--Lower the sensors to the depth desired and follow the
manufacturer's recommendations.

o Closed-system flow cell--Check that the connections and sensor grommets do not leak, and
that the water being pumped fills the flowthrough cell.

2. Allow the sensors to reach thermal equilibrium with the aqueous system being measured and
record the time lapsed.

o It is essential that platinum electrodes be flushed with large volumes of sample water to
obtain reproducible values.

o Record the pH and terhperature of the sample water.
3. Switch the meter to the millivolt function.

« Allow the reading to stabilize (+5 mV).

e Record the Vah_le and temperature (see the technical note that follows step 7. below).
o Stabilization should occur within 30 minutes.

4. Take readings of the sample temperature and potential (in millivolts) every few minutes for the
first 15 to 20 minutes.

o It is best to stop the flow of the sample while the reading is being taken to prevent
streaming-potential effects. ‘

e After 15 to 20 minutes, begin to record the time, temperature, and potential in plus or minus
millivolts about every 10 minutes. Continue until 30 minutes have passed from the initial
measurement and until the measurements indicate a constant potential.

5, After the measurements have been completed for the day, rinse the electrode(s) thoroughly with
deionized water.

If field calibration is required for a study,

a. Place the electrode(s) and other sensors in ZoBell's solution that has been equilibrated to the
temperature of the aqueous system to be measured. The electrode(s) must not touch the
container, and the solution must cover the reference junction.

b. Allow the electrode to reach thermal equilibrium (15 to 30 minutes).

c. Record the potential reading.

d. Follow steps 5-7 of the equipment test procedure in section 6.5.2.

6. Record all data and calculate Eh (see EXAMPLE, (section 6.5.2).
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Fill out the Eh data record form for field measurements fig. 6.5-2).

Eh Data Record

Field Measurements .
FieldEh Fisld Eh!
1. Temperature and pH of systern measured: T =
pH =

2. Time to thermnal equilibration:
Maasurament bagan at

Measurament snded at

| 3, Measurod potential of watar system {mW): emf =

4, Raference electroda potential mV of ZoBell's

at sample tomperatura: Eraf =

| 5. Calculate sample Eh: emf+ E g
{add step 3 + stap 4: Eh =

6. Fiald measurements should agree within about 10 mV.
Observations:

The second measurement is necesgary for quality cordrol.

Figure 6.5-2. En data record: field measurements.

7. Quality control--Repeat the measurement.

TECHNICAL NOTE: The response of the Eh measurement system may be considerably slower than that of
the pH system and that response also may be asymmetrical: the time required for stabilization may be longer
when moving from an oxidizing to reducing environment or vice versa. If the readings do not stabilize within
about 30 minutes, record the potential and its drift; assume a single quantitative value is not possible. If an
estimate of an asymptotic final (hypothetical) potential in such a drifting measurement is desired, refer to the
method used by Whitfield (1974) and Thorstenson and others (1979).

6.5.3.A
INTERFERENCES AND LIMITATIONS

Measurements should not be carried out without an awareness of the interferences and limitations
inherent in the method.
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Organic matter and sulfide may cause contamination of the electrode surface, salt
bridge, or internal electrolyte, which can cause drift or erratic performance when
reference electrodes are used (American Public Health Association and others, 1992).

Hydrogen sulfide can produce a coating on the platinum electrode that interferes with
the measurement if the electrode is left in sulfide-rich water for several hours :

(Whitfield, 1974; Sato, 1960).

The platinum single and combination redox electrodes may yield unstable readings in
solutions containing chromium, uranium, vanadium, or titanium ions and other ions that
are stronger reducing agents than hydrogen or platinum (Orion Research Instruction
Manual, written commun., 1991

Do not insert redox electrodes into iron-rich waters directly after electrode(s) contact
with ZoBell's. An insoluble blue precipitate coats the electrode surface because of an
immediate reaction between ferro- and ferricyanide ions in ZoBell's with ferrous and
ferric ions in the sample water, causing erratic readings.

Many elements with more than one oxidation state do not exhibit reversible behavior at the platinum
electrode surface and some systems will give mixed potentials, depending on the presence of several
different couples (Barcelona and others, 1989; Bricker, 1982, p. 59-65; Stumm and Morgan, 1981, p.
490-495; Bricker, 1965, p. 65). Methane, bicarbonate, nitrogen gas, sulfate, and dissolved oxygen
generally are not in equilibrium with platinum electrodes (Berner, 1981).

TECHNICAL NOTE: Misconceptions regarding the analogy between Eh (pe) and pH as master variables
and limitations on the interpretation of Eh measurements are explained in Hostettler (1984), Lindberg and
Runnells (1984), Thorstenson (1984), and Berner (1981). To summarize:

(1) Hydrated electrons do not exist in meaningful concentrations in most aqueous systems--in contrast, pH
represents real activities of hydrated protons. Eh may be expressed as pe, the negative logarithm of the
electron activity, but conversion to pe offers no advantage when dealing with measured potentials. -

(2) Do not assume that redox species coexist in equilibrium. Many situations have been documented in which
dissolved oxygen coexists with hydrogen sulfide, methane, and ferrous iron.

» The practicality of Eh measurements is limited to iron in acidic mine waters and sulfide in waters
under- going sulfate reduction.

« Other redox species are not sufficiently electroactive to establish an equilibrium potential at the surface
of the conducting electrode.

(3) A single redox potential cannot be assigned to a disequilibrium system, nor can it be a531gned to a water
sample without specifying the particular redox species to which it refers. Different redox elements (iron,
manganese, sulfur, selenium, arsenic) tend not to reach overall equilibrium in most natural water systems;
therefore, a single 'Eh measurement generally does not represent the system.

6.5.3.B
INTERPRETATION

A rigorous quantitative interpretation of a measurement of Eh requires interactive access to an aqueous
speciation code. Exercise caution when interpreting a measured Eh using the Nernst equation. The
Nernst equation for the simple half-cell reaction (M, = MY, + e-) is

4of5
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Eh = E° + 2.303RT/nF log (a%,,,/ ')

where:

R = gas constant;

T = temperature, in degrees kelvin;

n = number of electrons in the half-cell reaction;

F = Faraday constant; and '

L. and a”,, = thermodynamic activities of the free jons M’
' e and M" _and not simply the analytical concen-
foug}

trations of total M in oxidation states I and 11,
tespectively.

Measurements of Eh are used to test and evaluate geochemical speciation models, particularly for
suboxic and anoxic ground-water systems. Eh data can be useful for gaining insights on the evolution of
water chemistry and for estimating the equilibrium behavior of multivalent elements relative to pH for
an aqueous system. Eh can delineate qualitatively strong redox gradients; for example, those found in
stratified lakes and rivers with an anaerobic zone, in an oxidized surface flow that becomes anaerobic
after passing through stagnant organic-rich systems, and in mine-drainage discharges.
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6.5.4
TROUBLESHOOTING

Contact the instrument manufacturer if the suggestions in table 6.5-4 fail to resolve the problem.

» Check the voltage of the batteries.

»  Always start with good batteries in the instruments and carry spares.

Table 6.5-4. Troubleshooting guide for Eh measurement
[, plus or minus; mY, millivolts; emf, electromotive force]

Eh of ZoBell's solution Check meter operation:
exceeds theoratical by
HmV + Uss shorting leed to sstablish meter reading st zero mWV.

Excessive drift » Checkfreplsce batteries.
Erretic performance * Check against backup meter.

Poor responsa when Chaeck electrode operstion:
using peired slectadas

»* Checkthast electrode reference solution level is fo the
fill hole.

* Plug qusstionable refsrence slecirads into referance
alactrode jeck and another reference electrode in good -
working order of the sam e type into the indicator
slectrode jack of the meter; immerse slactradesin a
potassium chioride solution, record mV, ringe off and
imm erse electrodes in ZoBsll's solution. The two mV
readings should be 0+ 5 mV. if using diffarant elec-
trodes (Ag:AgCl and Hp:HQClg), reading should be 44 +
5 m¥ for a good reference electrade.

¢ Polish platinum tip with mild sbrasive {crocus cloth,
hard eraser, or a 400-800-grit wetidry Carborundum™™
paper), rinse thoroughly with deionized water. Uss a
Kimwipe™ if these abresives arae not evailable.

» Drain and refill reference electrolyte chambaer.

* Disconnect reference electrode. Drain and refil electro-
lyte cham bar with correct filling solution. Wipe off
connectera on electrode and m ater. Use backup
slectrode to checkthe emf

» Read am#with fresh sliquot of ZoBell's solution;
prepare fresh ZoBell's aolution if possible.

* Recondition electrede by clasning with ague regis and
renewinyg filling solution—this is a last resort.
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6.5.5
REPORTING

Report the calculated Eh in mV to two significant figures.

Potentials are reported to the nearest 10 mV, along with the temperature at which the measurement was -
made, the electrode system employed, and the pH at time of measurement.
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Qualifications for Series 4a Specifications (continued) Hydrolab Technical Note 204

i}

@

8
%
{8)

)
M
@)
9

(10)
()
(12}

(13
(14}

(18)

(18)

Response tims & the tme tequired for & measuramant to accomplish 95% of a step-changs In only that meesurement. For Instance, ¥ the temperatars changad sudeaniy from 25°C to 36°C, lemperature’s time Tespcnse would
be the time required for the reading o changs o 85% {35-25)+ 25= 34.5°C,

Stablity ls 2 muitiprobe’s abfity Lo read within its accuracy spaciicalions in the same stendard usad for callkeatlon. Cartaln siwallons cen adversely atfect stabliity. For exemple, B reference electrode soakad for a month in very
low Specific Condustancs water oannet oeainarlly be expectad (o praduce mocurate pH (or Redex of [SE) readings. Similerly. @ DO prebe coverad wih active algas Is not lixely 1o produce accurate DO readings. Tha stabilily
spacifications ere based eon an analysls of (ne sensor electronics and ned on direct tealing, because of the dificulty Ln 2pplying such a test 10 spacific fleld condittions.

Hydrolab's standard thermistor pravides 2 0,15°C accuracy worst cess and + 0,10°C using 55% Certainty (most prabable smor] methad for calculating securacy. This means thel more than 85 out of 190 multiprobes vill meet
the < 0.10°C specification. )

The four rerges {Q 1o 0,1988, 0.2t0 1.5, 1.5 10 15, and 15 to 100 mS/om) are charged eutomatically {autorangad) to provkie the rost digits avelleble. '
The 4 dighh resciution for Speciic Conducierae depends on vitich of tha four automatically selected ranges ere In uss, For instance, a reeding of 0.13 mSice waui be displayed es ,1300; resolution would ba lan thousardthns

of mSicm. A Specific Conductance of $0.157 mSkem vould be dikplayed as 10.46; rescluton ysould be to hundredihs of mSfcm. if the optional output, pSicm, Is chosan, the resclulion for Specific Conductancs cver 9988
uSiam will be four digits, 'dth a zero added as the I;sl (ffih) digh. .

Tha Temperature compansation for Specific Consuclancs ¢an be disablsd sesily if raw” Conductivity reedings are neaded.
The Salinlty accuracy Is enhanced when tha system 's callbraied lor Salinity (insleed of Spasific Conduciarca) near e expecied fleld values.
Although the mullprobe will measure the full O 10 14 wnlt pH rengs, it is no: recomsmanded that the sensors be exposed 1o pH extremes owtside the 2 to 12 unitrange,

The pH acturaey Is valid for watars of Spadific Condustance greater than 0.2 mSiem, when using Mydroiab's standard, rebulidable reference eleclcods. Tris accuracy can ba ordinanily met in very fresh walers (Spedfic

Conductancs less 1han 0.2 mS/em) If you yse Hydrolab's opsonal LISREF ('aw lenic strangth) teferance e'acirode and follow very articular maintenance and calibration ormcedures. Tha LISREF reference etectoda s rol
refilable.

Woen operaled 21 lemperature of calitration and callbealed with turbid {ree vater and a Formezin stendard of 75% of renge. Typicel lemperature coefticlent is —0.26 NTWC",
Response Ums is leas than ten seconds with avaraging disebed, but requires thirty saconds afier powar-up. The mexirum moving average 4me ls &0 seconds for a womst case response time of 8¢ seponds from power-up.

Turbidity measitement Is divided inlo two ranges: 0 (o 100 and 100 to 1000 NTU. Readings are more acsurate in the rangs In which calibration i mede, 88 shawn in the chart below, The chart also shoues the readings are
more accurale when mads at the temparstura of catibration,

% renge on % rang® on
¢l range non-csl range
atcallamp 5 10
nal at cal temp 110 15

The Redox accuracy refers to tnus slectiode vollage. Aclual readirps ate subject lo slow elactrode equilibration imes and uscsrainty in measuremant thaory and callbration. A typicel ae-measurad sccuracy might be & S0mY,

Aozuracy Is alded In very fresh waters (Spacific Conductance 13 1sss then 0.2 mSicm) by Hydrolab's optional LISREF referance electrode (see footnota )

A transler standard Is a callbralon solulion or standard graded by ansther measuretment method, such as chemical ttralion {e.g. Winkier}. In the case of Redox, 8 transfer stendard sight be a selhution messured Lty a trustec
laboratory pH-mY meter. For many purposaes, it Is nat necessary (o callbeate Redax at all,

The time requiced for a Redox sensor '0 respand to a step-change In Redox ia highly varfabla ard depends on the condillen of the suifece of the Hlatinum ‘slactrods and on Whe direction of the step-change. Because response
Ume s little affacted by non-Redox sansar fiems, such as electranic design or the effects of other sensors. the respansa time of Hydrolab's Redox senser ‘s vitually she same as that of olher Redox-measutement instrumerts.

Typlcal Accusacy, Ammonium: £ 5% of reading, of £ 2 Tng/h-N, whichever la grealer, Minirvam Accuracy: & 10% of reading. of £ 2 mpiL-N, whichever is greales, Bath accuracy spacifications ere st temperature of callbeation
with no interfering lons. Interfaring lons ertificlally increasa the ammenium reeding as follews:

intsrfering 4 mgfL-N

lon Interleranca

K+ 13mg/L
L Ne+ 1,250 mgit

Updated /2001 ‘ Page 3
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Qualifications for Serles 4a Specifications {continued) Hydrolab Technical Note 204

Typlmi Accuracy, Ammenia: £ 27% of teading, or £ 2 mgiL-N, whichevar Is greater. Minlmum Accuracy: ¢ 70% of reading, or £ 2 mgiL-N, whichever I8 greater. Ammenia Is cakusated from the sensor’s ammonium oulput
according to pH, and tha Inherent uncertainty In pH is 5.2 units, which waans an uncarialnty In ammonla of + 80% when mathematically converted from ammonjum (@ emmonls. Both accwracy spedﬂcabons are el temperature

. af calibretion with no Interfedng hm and pH lass than L0. Intarfenna lons artificially increase ths ammanium raading and hence the ammon'a resding,

Typlcal Mcumw. Nitrate + 5% cf reading, or £ 2 mg/L-N, whichever Is grsater, Minimum Accuracy: £ 10% of reading, of + 2 mgiL-N, whichever &s greater. Both accuracy specifications ere at ternperaturs of calibeation with ne
intertering ions. tntedering lons cen artificlelly increase the nitrete 1ead’ng as follows:

Interering 1 mg/L-N
fon inteiference
CIOy 0.0071 mgit.
) 0.45 mg/L
CN 28 mglk
ar 30,7 mglL
NOy 23 mgll
HS 23 mglL
HC(E 433 mgil
CO, 852 mg/L
Ch 765 mal.

Typical Accurecy, Chioridle + 5% cf reading, or & 2mgh., whichever is grester, Minimum Accuracy: £ 10% of reading or £ 2 mgeL, vivichevar la greater, Both socuracy spaciications are el temparatuie of callbraton with no
Intsrfeding lons and piH tess than 12,4, Interfering lons can antificially increzss the chicride reading es folkows:

1nlertenng_ fmglL

lan Inter{ereca

oN 1.6 x 106 mgl

r 18 %106 mg/L

st 9.0 10-6 maf.

Br 8.7 x D2 mpfL J

Chloride resolution vares with tha magrituds of the m':ilng as follaws:

Reading Rasalution
0.00 to £9.89 mgil 0.0t mg/L,
100.0 to 889.8 mg. 0.t mgil
1,000 1o 18,000 mgil. 1mglL

The 85% responss change to @ changs In (otal dissolved gas peowe ‘a8 than 180 seconds at “1*C,

Typlnatlvxmracy Is %5 of reading, or 2 1 ymel 6! m, wnichevar Is graster, I Inlrnum Bocuracy: 2 10% of rudlng or £ 2 ymel 57 m2, whichever is grealer. Manufecturee recommends factory sensor recatibration at lepst ore
every two years.

it Is important ta ncta that the fluorescand yield cbaerved In the natural enviranment can deviais widely over varying condilans. Glven this, the Rhodamine standard shokld not be directly compared to chiorephyll, The standarc
i3 used In tuning of foromelers Bs a refsrence, nat as a cafibration. We encourage cur users to parfonm filed celibeations I the (acels of thelr sampling If they are intaresiad In more than relative Ureads,

Tha 10m Depth sccuracy s the 95% Cerlalnty (st probabie emor] accuracy. based on the worsi-cass ertors such as drif, temperature compensation, HiC error, ate. The 10m Depth {ransducer Is atmaspherically venied to
ellminats the vesy large etrors possible from barometrke preagure shitts caused, for Instance, by charging waather),

Updatad 872001 : , Page 4
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Qualifications for Series 4a Specifications (continued) Hydrolab Technical Note 204

The Depth reedings ere oompematad for Sallrily {that Is, water denslty} sb {had readings are accurate whethat mede in frash or salt walers.

The 26m, 100w, and 200m Dapth accurecy are the 95% Certalnty {most prebable areer} socuracy, based on the worst-casa erors such as drift, tamparatura compensation, litt erret, e'c. This acouracy raquires that the user -
employ atmosphesic coraction If changes In barometric prassure arato be considesed. The accuracy is much batter In sliuations were 1smperaturs chenges are sma'i and shanges [n Depth, rathes than the exack Depth, afe of
primary interest,

Salinity Ls caloulated from conductivly and tempeteture based on USGS ¥éS Paper 2511 or Section 2523 of Standard Metheds for the Exemination of Watsr and Wastewater, Tha Stendard Methods function Is aled commonly
referred to as the Prectical Salinily Scale or UNESCO Method.

Heed Offica:

Hydrolab Corporation

8700 Camercn Rd. §100

Austin, TX 78764 USA

Phone: {800) 8483766 or {512) §32-8832
Faos {612) 832-8832

Emall; &!ﬂhmhsm_lahmm

bliofivwww hydrglab, com

Inthe Intarest of Improving and updeting lts equipment, Hyd rolab resarves the right to atier specifications o equiprnent a1 any time, Hydrolzb Corp® 2031
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Serles 4a DataSonde® 4a & MiniSonde®4a & Surveyor® 4a Display
Parameter Specifications

PARAMETER RANGE ACCURACY | RESOLUTION |  SENSOR | GOMPENSATIONS | CALIBRATION | RESPONSE | gragury | DUTRNT
TEMPERATURE " | $1050°C s0.40°C' 0.01°C the mistor none required - nore saguited < { minte three years *C,'F,or K
0.0C0OD 1o 0.1096 mSfem .
0.200 lo 1.500 mSfem £ 1% ol reading 0.25" x 1" oval bere KCl o other mSlcm, pSiom,
SPECIFIC .45 to 15,00 ;mSlem +1 pount 4cighs* witn four graphite | autometic to 26°C° stendard <10 secands six months conductivity, TDS,
CONDUCTANCE 2 4.5 to 00.0 mSfem + $uStom eleciredes : ’ o0& reslstivily
autoranged) .
" Uses callbration
. from sp. cand. Or
Iculatad from
’ % 1% of reading cd callbrate directty
SALINITY Olo 70 PSS $0.01 PSS 0.01 PSS mﬂg‘m“ none {pquired vath sallty < 10 ssconds one month PSS
standarde
) rabulideble weates-saturated alr, mel. %
DISSOLVED 0,2 mglL {<20) polarographio; 1 g | Butemats for Viteidef, o alf- ) satvration, &7
OXYGEN G12 50 mgl $08mgn 20y | 901 mall Fefion’s epesaiure nd soturted water | < - iR one marth mgiL vithout
mambrane Y salintty oorrection
glass pH;
3 » rebulldabls or low sutomatic for 7 tulfer, plus :
pH Ota 14 urlts 0,2 units 0.01 unit o | larenim ok fnls LRUS | < mrnute ane menth pH uris
BIBrce ala )
SRa e e
DiTY 010 100 NTU er 0.4 NTU | ith dllulens
{Datzsonde 4a 010 1300 NTU +28%ofrarge ™ | Ty ?ﬁﬁﬁi‘i&"&?&ﬁ‘. ?mgc amblent Pt ) Fomazin or AEPA: | < 10 ssconds” | ane mantn NTU or volis
onky) {user sslectebls} sttt {US Patant 1 polymer beads
. #6,111,249)
P 0 1 100 NTU 0.1 NTU
SHUTTERED N :
8! be operalad al dilutlons of
TURBIDITY 10040 1000 NTU ss%otrange® | 1NV SO 7027-based  § Gt
] % pth >1ir3 or shieided | Formazin ot AEPA- | <1 mimite th NTU
{Datasonde 4a {autoranged) nephelometst trom sunlight 1 polymer beads onemen
and Minisonde 4a)
. quinivyciroos,
REDOX -390 £0.909 mV +20 my™ 1V Pl electrode rone required Zobell LGS, o ) yares™ one morth | mv
activity cdoc;ﬂlc:lan;tml41
cempuied from 8 c 1 2,3 or4<point
AMMONIUNW greaier of + 5% of onspeciic cenductance; and callbration with mgfl-N, mV, o
AMMONIA 010 100 mgiL-N reading or 001 mg-N Blwfod, emmanla dedved from | Hydrolab of iees- | <1 minuta one mondh mg/L-N of total
2 2 mph-N : ammonium produced NH'>
: ternpesature, pH, and slanderds
l spacific conductance
Updated /2001 Page 1
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Pararﬁater Specifications - Serles 4a DataSonde® 4a & MinISonde® 4a & Surveyor® 4a Display

Hydrolab Technical Note 204

(Continued from Page 1)
. OUTPUT
PARAMETER = | RANGE ACCURACY | RESOLUTION | SENSOR COMPENSATIONS | CALIBRATION | SEDRONSE | gragnmy’ e diig
R 2, &, or &point '
greatps of £ 5% of ‘on-gpacie activity coeficlent callbration with
NITRATE Bto 100 mg/L-N senting of 309 mpA-N oot compLted from spacific | Hydrolabor uses- | <1 minute one month gL of mv
+2mpi-N" conduclence produced :
Mandards
. 2-, 3-, ot 4-poirt
greaterof = 6% of jorespacilc eclhity cosfficlent catibralenwith »1 yearvith
CHLORIDE 0.5 to 48,000 mgil. tending of 4digts ™ oiac:r,oda comgsed (om specic | Hydrolab or user- | <V minube occasionsl mpil ormy
: 1. & 2 mgll-N" condustance produced polish
slandards
ToTAL {nax Imanion dagt: 0 % of 1 mn Pttt 3 = enth | meHgaY, or PSI
{max Immersion depfh: F31N span 0.1 mmMp pressura none reguitad satin alr < 3 minutes ol m mHg.mV, or
DISSOLVED GAS metars) fransducar ;
+ 5% of raading rajection of amblent
&li%!}ENT LIGHT | 4 10,000 1 pmat 5* m* o 4D 1 pmel &'m? phetovoltle cad ight catalde the 400- none requlred < 30 seconds two years® 1 umol 8"'m?
N  prol 3BT 700 nm bandaidt
dilutions af
rhiodaming (or
3% of semding seoandary :
CHLOROPHYLL | 0.0310150 upil 204 ugl® 0.1 ygie fluorometric rone required caSbrelion cubs) <10 secords one month il or volts
) withuser
comrelation to field
samples_
DEPTW“"‘“’LM 0K 10m 20,03 m® 0.001 m iain-gage aulomatic for safinity™ | set zeva In air <10seconds | one month m, & or PE1
DEPT“mﬁEmM 0% m 10,08 m®* 0.0 m m‘;ggg: autometlc for sellnty®® | selzero in ele <10seconds - | one month m, t, or PSI
DEPTWO-mM 0 0 100m £0,8 m* o m mdfraj: automatic fo¢ seliniy™ | estzeroinar <10 teconds | one month m, ft, of P8I
Denmﬁ‘mnm Oto200m 08 m® Gim wr:‘duwme automatie for sagnit/ set 2820 bn alr < 10 seconds one month m, #,or P
BAROMETRIC » ‘ ’ mmHg, (nH,
PRESSURE 500 to 850 menHg % 10mmtg 0.1 mmHg mﬁ: norne requiced setinalf <10 saconds st manths wal:?nhar.?km
orP8l | J
Note: Theao spactications apply over the oparallsg temperature range of =6 to 50°C (mn-fm;zlng). ard avar the operating voltage range of 8 1o 16VDC, for vl malntalned
sensors In clsen, unchanging watsrs, Thete ars many stiuations, such as blofouling, thet will negets extrapoletion of these'spacications to fleid conditions.
Updated 9/2001 Pags 2
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