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Denison Mines (USA) Corp.
ND ‘ ‘ 1050 17th Stroet, Suite 950
Denver, CO. 80265
DENISO USA

MINES Tol : 303 628-7798 .

Fax : 303 389-4125 "

www.denigonmines.com

January 21, 2010

Mr. Dane Finerfrock, Executive Secretary
Utah Radiation Control Board

Utah Department of Environmental Quality
168 North 1950 West

P.O. Box 144810

Salt Lake City, UT 84114-4810

Dear Mr. Finerfrock:

Re: White Mesa Uranium Mill - First Round of Interrogatories From Review of License
Amendment Request and Environmental Report For Cell 4B — Referenced Documents

Enclosed please find one (1) CD with the following referenced documents:

e Hydro Geo Chem, Inc. 2001. Letter to Harold Roberts, International Uranium (USA).
Corporation.

e Hydro Geo Chem Inc. 2005. Perched Monitoring Well Installation and Testing at the
White Mesa Uranium Mill, April through June 2005. Submitted to International
Uranium (USA) Corporation.

Please contact Harold Roberts at (303) 389-4160 with any questions or concerns.

Yours very truly,

DENISON MINES (USA) CORP.

T gt et

Records Administrator/Paralegal
cc: Robert Baird, PE - URS Corporation

Encl.
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INTERNATIONAL

IU URANIUM (USA)

CORPORATION

Independence Plaza, Suite 950 ¢ 1050 Seventeenth Street ® Denver, CO 80265 ¢ 303 628 7798 (main) ® 303 389 4125 (fax)

November 9, 2001

VIA OVERNIGHT MAIL

Mr. William J. Sinclair

Director, Division of Radiation Control
Utah Department of Environmental Quality
P.O. Box 144850

168 North 1950 West

Salt Lake City, UT 84114-4850

Re:  Update report regarding [IUSA’s October 4, 2000 report on investigation of
elevated Chloroform Concentrations in Perched Groundwater at the White Mesa
Uranium Mill. Utah Division of Water Quality Notice of Violation and
Groundwater Corrective Action Order; Docket No. UGW?20-01.

Dear Mr. Sinclair:

This transmits International Uranium (USA) Corporation’s (“IUSA’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
TUSA 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



Mr. William J. Sinclair
November 9, 2001
Page 2 of 2

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. Bartlett, IUSA
Ron E. Berg, IUSA
Stewart J. Smith, Hydro Geo Chem
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UPDATE TO REPORT
“INVESTIGATION OF ELEVATED CHLOROFORM CONCENTRATIONS IN
PERCHED GROUNDWATER AT THE WHITE MESA URANIUM MILL NEAR
BLANDING, UTAH”

Prepared By:
INTERNATIONAL URANIUM (USA) CORPORATION
Independence Plaza, Suite 950
1050 Seventeenth Street
Denver, CO 80265

and

HYDRO GEO CHEM, INCORPORATED
51 West Wetmore Street, Suite 101
Tucson, AZ 85705
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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 unlikel}" 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.

SASTAFF\MRR\Chloroformlnvestigation\UpdateChloroformInvestigationReport 11_9_01 4



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 ug/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:

e 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).

23 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 (Ks) 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
Ks=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 disf)osable 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 pg/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.

24 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 concemn 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 fi, 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. TUSA 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. JUSA 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 IUSA.
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 % 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 estimate 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, ITUSA 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 IUSA 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 chloroforrﬁ 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

TW41 | TWA2 | TWa-3 | TWA4 | TWA5 | TW4-6 | TWA7 | TW4-8 | TWA9 | MW-4
Appmx'mat(fese‘:r;‘:;‘ed nterval | 70110 | 80-120 | 6797 | 72-112 | 80120 |57.5:97.5| s0-120 | 85-125 | s0-120 | 92112
Chloroform (ug/L) v
(1st sampling) 5.8 2,510 702 NS 29.5 NS 256 <1 492 NS
Chloroform (ug/L) '
(2nd sampling) 1,100 | 5,520 834 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 TWd-4 and TW.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
TWA4-4 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)
Chloroform (Lg/L) NA 4,900 300 3,200 240 36 1,200 180 19 5,300
(09/01 sampling) v
Nitrate (mg/L) 779 | 107 | 197 | 102 | 316 | <01 199 | <01 | <01 | 937
(11/00 sampling)
Nitrate (mg/L) 745 | 102 | 18 | 145 | 38 | 013 | 246 | <01 | <01 | 877
(03/01 sampling) ,
Nitrate (mg/l. 881 | 967 | 261 | 140 | 647 | <01 | 265 | <01 | 015 | 9.02
(06/01 sampling)

NS = not sampled
NA = not analyzed

H:/71800/chloroform table 1.xls
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"APPENDIX A

Vertical Profile Sampling Methods



Environmental Equipment, Inc.

Leaders in manufacturing and distributing
ground and surface water sampling, analytical,
filtration, and remediation equipment. '
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HER Optional double check valve bailers isolate the sample, sealing as the bailer is

Geotech Dlsposable and Reusable Bailers

Geotech dlsposable and-;reusable ballers are avaﬂable m many
terials to meet your spemf c sampimg needs.

DISPOSABLE BAILERS

. Improved bailer design
- Geotech's “Orbit Flux” design fills 33% faster than other bailers
- V-notch design for trouble free cord attachment, and accurate pouring

. Weighted disposable bailer as heavy as most double-weighted without the extra
cost

. 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

- 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
- Diameters from .675" to 3.5” in lengths 12" to 60"
- Recessed check and double check available

Bailers

Geotech Disposable Bailers

Disposable Accessories

«  Stainless Steel Geobailers
- 1" and 1.75" diameters are 36" long
- Rugged and durable for well development

*  Teflon® Geobailers
- 1.25" and 1.625" diameters are 36" long
- Most inert material available
SPECIFICATIONS

Geotech Disposable Bailers are available in the following configurations:

Geotech Reusable Bailers

Material Diameter Length Configurations Units/case
Poly : ..75" 36",83" Weighted/Non Weighted ...........ccecvecirinserencnenronenns 24 per case
Poly 1S 12", 36", 48" ............ Weighted/Non Weighted/Pressurized .................... 24 per case
Poly 3" ...36" Weighted/Non Weighted .......c.cceaneeiiinninincnnenend 9 per case
Teflon® 1.5" 127, 36" ceieicniaiens Weighted/Non Weighted ..........cocunvecrnanne 12 per case
Clear PVC ...ccccivverriieevenses 46", .75",1.5" 36" N/A .. 30 per case
Accessories

Poly VOC tips for 1.5" diameter bailers .. ...24 per case

Poly VOC tips for 3" diameter bailers.......... ...9 per case

Teflon® VOC tips for 1.5" diameter bailers.................. 12 per case

Poly free product samplers 24 per case

Geotech Pressurized Disposable Bailers

This special disposable bailer provides the convenience of using in-line dispos-a-fillers™ 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.

ORDER TODAY (800) 833-7958
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APPENDIX B

Use of Soil Gas to Detect DNAPL
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THE USE OF SOIL GAS DATA TO OBTAIN SOIL VOC CONCENTRATIONS
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6905 E.-Ocean Bivd 1430 N. 6th Avenue

Long Beach, California 90803 - Tucson Arizona, 85705



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, Hp. 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:- PSS : _ )
where H is the Henry's Law coefficient '
R is the ideal gas constant
T is degrees Kelvin

is the VOC's vapor density (the vapor pressure of -the pure liquid expressed
as mass/unit volume).
and S is the water solubility

Ps

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 controlled 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 . Gs Koe = %0C 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, is the total porosity

and 6, is the water filled porosity

The ratio of a VOC's total concentration in the soil gas fo 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:

O
-

D w
- — g *
H

Hpp, Py

K, 0, (6 -8, ' @

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) = 0.2;

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(mlig) Henry's Ho* " Ke- | SGas-Soil Soil Gas Soil
C Coeff. (H) (H/RT) (mlig) | Conversion Conc. . Cone.,

: Factor (nglL) (ug/Kag)
col, 110 2.41E2 1.0 0.55 0.75 100 75
Chloroform 31 2.87E% 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 3.40E7 - 1.41 -0.325 0.401 100 40.1
cis 1,2 DCE 49 7.58E% 0.315 | 0.245 1.2 100 120
‘trans 1,2 DCE 59 6.56E7 0.273 | 0.205 1.55 . 100 155
1,1,1 TCA 155 1.70E? 0.707 0.775 1.33 100 134

TCE 126 9.10E* 0.379 0.63 2.03 100 203
PCE 364 2.59E2 1.08 - 1.82 1.88 100 18
Vinyl Chloride 57 8.19E2 3.41 0.285 0.212 100 21.2
- Benzene 83 5.59E 0.233 | 0415 2,31 100 232
Ethyl Benzene 1100 6.43E° 0.267 5.5 19.4 100 1940
Toluene 300 6.37E7 0.265 15 5.86 100 586
Xylene 240 7.04E3 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 K, next to Hp,

and that the other parameters have relatively little 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

Equatnon 4 is valid in most soil gas apphcatlons 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
NAPL. Where NAPL is present, the prediction of VOC soil concentratlons from sonl gas

. concentrations is not possible because the vapor pressure of a VOC in the NAPL i$ a function
ofits concentratuon 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 ;

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

The sum of 'the'.m"ote fractions of compounds making up a NAPL (or any
liquid) is equal to 1: - : . _

XX -0 = ©
il ) )
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 ()

TN

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 attéenuation 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 is -
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 -

c:Nnfo.doc\sgs_soilcnv T 4 : _ . P



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, ()

. > 0.1 (8
ri:A1 - Pg (i) ’ ' ®

" Asan example of the use of this criterion, suppose that the sonl gas data obtalned at a point

location are
PCE = 2,500 pg/L
TCE = 4,200 pg/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) G, (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 Soll Gas to Determine
The Presence of NAPLs in Soils

~ When a VOC concentration in the NAPL is high,
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 Ilqu1d) |s equal to 1.

E X, - 10 o

Where n is the number of compounds in the
NAPL

'Assuming 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 |

- g~ . 10
o psg @

~ 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 soil gas
sampling location. The appropriate criterion is

‘ | : '. - C, 0 |
The Presence of NAPL Is Indicated By : Y p? '() > 0.1

Figure 16



APPENDIX C

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
Water Well #1 2580084 323314
Test Well 2580945 322687
Jones Weli 2581252 318910
Jet Pump 2581250 329460
Ruin Spring 2574294 310375 5391

Cottonwood Spring 2570024 317880 5238

Westwater Spring

2574166 321692 5493

Former Leach Field (near office)

2580274 322228
2580369 322228
2580369 322128
2580274 322128

Old Leach Field (scale house)

NW
NE
SE
Sw

2580765 322279
2580786 322279
2580786 322223
2580765 322223

Current Leach Field (east of Mill yard)

NW 2581224 322530
NE 2581324 322530
SE 2581324 322370
SW 2581224 322370
Land Fili
NW 2581040 322915
NE 2581115 322915
SE 2581115 322785
sSw 2581040 322785
Sedimentation Pond o
NW 2579420 322645
.NE 2579465 322645
A 2579465 322400
B 2579565 322355
SE 2579555 322175
SwW 2579420 322175
Lab Waste Holding Tank

Abandoned Monitor Wells, Bore Holes, and Angle Holes

Feature

2580085 322408

Easting Northing Elevation

MW-13

MW-6-1
MW-6-2
MW-7-1
MW-7-2
MW-8-1
MW-8-2

2577590 319547 5570
2578895 320530 5588
2578895 320530 5588
2578125 320886 5588
2578125 320886 5588
2577265 320925 5590
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 28 2577380 317340 5547.6

Dimensions (ft. x ft.)

95 100

Area (sq.ft.) 9500
Dimensions (ft. x ft.)

21 56

Area (sgit.) 1176
Dimensions g' ft. x fi.)

100 160

Area (sq.ft.) _ 16000
Dimensions (ft. x ft.)

75 7 130

Area(sqft) 8750

Tailings Cells - Appproximate Boundaries.

Cell No.

Easting Northing

1-|
T NW 2577460
NE 2579365
SE 2579355
SW 2576795
A 2576880

2

NW 2576795

NE 2580210
SE 2580210
SW 2576845

3 .
T NW 2576845
NE 2580210
SE 2579593
SW 2576015

4A

NW 2577883

NE 2579593
SE 2578860
SW 2577469

( all coordinates are approximate )

323190
323145
322078
322150
322415

322150
322040
320745
321680

321680

320745

320100
320825

320411
320100
319021
319266

11/09/2001 9:25 AM
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Analytical Results
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ENERGY LABORATORIES, INC.

I~ =13 : 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  Gillette
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 _;I:/igite asN,
01-31914-1 T 03-26-2001 14:02 WMMTW4-11 T <010
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

LImmTw =1 i 4,?/:/ bhud (orgz,,k) to coltection
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wamTwed- 18, 76 «a .DLCF‘ WMawRy-1Z

Quality Assurance Data
Method EPA 353.2
Reporting Limit . 0.10
RPD' 1.0
Spike® 96
Analyst wk
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 timit.

(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\clientsZOOl\international_.uranium_corp\liquid\31914-1—4.xis . e o ]
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Energy Laboratories, Inc.
SAMPLE CONDITION REPORT

LY

.
A

This report provides informatioh.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

Yes Comments:
No Comments:
N/A Comments :
N/a Comments:
5C Comments:

Chain of custody form completed & signed:

Chain of custody seal:

Chain of custody seal intact:

Signature match, chain of custody vs. seal:
Sample received Temperature:

Samples received within holding time: Yes Comments:
Samples received in proper containers: -~ Yes Comments:

Samples Properly Preserved: Yes  Comments:

Bottle Types Received: 4-160z p nf h2so4

Comments:
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Energy Laboratories, 1Inc.

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-11l 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

Approved By: Reviewed By: L e -

This is the last page of the Laboratory Analysis Report . TaNDHmn e :Ap:b;

Additional QC is available upon request. At maek NO.

The report contains the .number of pages indicated by the last 4 ngﬁcsq =‘v}ﬁ ~ A
Rt IR IS | BN S R



LAGORATORIES 4
Billings « Casper = Giliette
Helena « Rapid City

ENERGY LABORATORIES, INC.

SHIPPING: 2383 SALT CREEK HIGHWAY ¢ CASPER, WY 82601

MAILING: PO, EOX 3258 « CASPER, WY 82602

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

Denvies— Catec il 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

omm Twd-10 Ts o 1839 Bla~k (I0MM ehen Lol DE Rleai).
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

i WA SR T SRR

COMPLETE ANALYTICAL SERVICES, @ © @ 7 71777




- T R A o

L ("‘.
| . ;,)) f / £ e
: * Billings ENERGY LABORATORIES, INC.’S CHAIN OF CUSTODY RECORD foll free  1-888-235-0515
« Giene Mail Only: PO Box 3258 o  Casper, WY o  82602-3258 voice  307-235-0313
« Rupid City UPS/FedEx Dehvenes 2393 Salt Creek Highway . Casper, WY o 82601 ' Sfax . 307-234-1639
For Sample Tracking Purposes, Please Provide Contaét Name and Telephone #’s as Indicated (SEE BACK OF FORM FOR EXAMPLES AND INSTRUCTIONS)
Project Name / Location / Purchase Order # / Bid # X Specml Requests
£ Type of Analyses Requested s ( )
& j
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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: Internatiomal 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 coupleted & 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

ELI-B
ELI-G
ELI-H

Acronyms and Definitions

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

Energy Laboratories, Inc. Helena, Montana
Rapid City,South Dakota

ELI-R Energy Laboratories, Inc.

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: 01-31%13-10
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 i1s 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:

This

Reviewed By: - _

is the last page of the Laboratory Analysis heport. Twﬂnnv«Q 0. PAGE MO
Trketwral « s LS Sl 1

Additional QC is available upon request.
The report contains the .number of pages indicated by the last 4-dxgx£s q ™ As r;q!:

-J o .-.b\,



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\client52001\imernational__uranium_corp\liquid\31913-1-lO.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

01-319144 | 03-29-2001 12:38 WMMMW4 8.77

Quaility 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.xls



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 - Date Reported:  April 12, 2001

Dilution Factor: 200

2RSEe A

Chloroform (Trichloromethane 2,340 : 100

ND - Analyte not detected at stated limit of detection _

- RANGE

Pentafluorobenzene ' 1166070 1150521 50 - 200 %
Fluorobenzene 2433645 . 2388861 50 - 200 %
1,4 - Difluorobenzene - 1769122 . 1775533 50 - 200 %
Chlorobenzene - d5 1189063 - 1163446 50- 200 %
1,4 - Dichlorobenzene - d4 473744 . 458787 50 - 200 %
PERCENT " ACCEPTANCE
SYSTEM MONITORING COMPOUNDS 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 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B.

sec: r:\reportsiclients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rlo




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Vo]aﬁle Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-29-01
Project: WHITE MESA MILL Time Sampled: 112
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

hloroform (Trichloromethane) 3,890 100

67-66-3

ND - Analyte not detected at stated limit af detection

Pentafluorobenzene 1154034 1150521 100% ‘50 - 200 %
Fluorobenzene 2407856 . 2388861 101%. 50 -200 %
1,4 - Difluorobenzene 1752960 - 1775533 98.7% 50 - 200 %
Chiorobenzene - d5 1171985 - 1163446 101% " 50-200 %
1,4 - Dichlorobenzene - d4 471262 458787 103% . : 50 - 200 %

| 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%
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_l-w.xls Analyst: o -




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled:  03-28-01
Project: WHITE MESA MILL ' A Time Sampled: 17:56
Sample 1D: WMMTW4-3 : Date/Time Received: 04-02-01 10:00
Laboratory ID:  01-31916-3 ' o " Date Analyzed: 04-04-01
Matrix: Liquid - WATER ~ o Date Reported:  April 14, 2001

Dilution Factor: 100

chloromethane).

67-66-3 Chloroform

ND - Analyte not detected at stated limit of detection .

_ : o 1CAL / CCAL - PERCENT ACCEPTANCE
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% 86-118 %
Toluene - d8 10.3 103% 88-110 %
4 - Bromofluorobenzene 10.1 101% 86-115 %
1,2 - Dichlorobenzene - 4 9.85 98.5% 80-120 % .
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 82608

sec: r:\,cpons\cﬁemszom\inlemational_unnium_corp\casper_orgBI 916-1-19_8260b_chloroform_t-w.xls Analyst: . rlo.




LABORATORY ANALYSIS REPORT, EPA METHOD 8260

Volatile Organic Compounds

Client: International Uranium (USA) Corporation
Project: WHITE MESA MILL '

Sample ID: WMMTW4-4

Laboratory ID:  01-31916-4

Matrix: Liquid - WATER

Dilution Factor: 200

Date Sampled: - 03-27-01

Time Sampled: 09:00
Date/Time Received:  04-02-01 10:00

Date Analyzed: 04-06-01

Date Reported:  April 14, 2001

67-66-3

chloromethane)

ND - Analyte not detected at stated limit of detection

ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS  AREA AREA RECOVERY RANGE
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
Analyst: rlo

sec: r:\rcpons\cliemszool\inumational_uranium_corp\casper_org\?a 1916-1-19_8260b_chloroform_I-w.xls




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-28-01
Project: WHITE MESA MILL Time Sampled: 11:22
Sample 1D: 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

67-66-3 Chloroform (Trichloromethane) 236 5.0

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%
1,2 - Dichlorobenzene - d4 9.76 97.6% 80-120 %
METHODS USED IN THIS ANALYSIS:
EPA 5030B, EPA 8260B.

sec: r:\repons\cliemszom\imenﬁdonal_nmniwn_corp\casper_orgﬂ|916-l ~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 - " Date Reported:  April 14, 2001

Dilution Factor: 2

“Chloroform (Trichloromethane) ND

ND - Analyte not detected at stated limit of detection

1ICAL / CCAL
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 0.84 98.4% - 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_-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 : . , |

67-66-3 Chloroform (Trichloromethane) - 747 . : 50.0

ND - Analyte not detected at stated limit of detection

: ICAL / CCAL PERCENT ACCEPTANCE

INTERNAL STANDARDS  AREA : AREA RECOVERY 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 97.7% . 50 -200 %
1,4 - Dichlorobenzene - d4 448761 . 458787 " 97.8% : 50 - 200 %

‘ PERCENT ACCEPTANCE
Dibromofluoromethane 9.38 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:\reporis\clients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chioroform_-w.xls Analyst: ' rlo




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: . 03-26-01
Project: WHITE MESA MILL : Time Sampled: 17:00
Sample ID: WMMTW4-8 Date/Time Received:  04-02-01 10:00
Laboratory ID: ~ 01-31916-8 Date Analyzed: ~ 04-04-01
Matrix: " Liquid - WATER , Date Reported: ~ April 14, 2001

| Dilution Factor: 10

67-66-3 Chloroform (Trichloromethane) 116 5.0

ND - Analyte not detected at stated limit of detection

- » ICAL / CCAL PERCENT ACCEPTANCE
Pentafluorobenzene ' 1090084 1150521 94.7% 50 - 200 %
Fluorobenzene 2309760 2388861 96.7% 50 - 200 %
1,4 - Difluorobenzene 1664765 - 1775533 93.8% 50 - 200 %
Chlorobenzene - d5 1119681 - 1163446 96.2% 50 - 200 %
1,4 - Dichlorobenzene - d4 442367 458787 96.4% 50 - 200 %

PERCENT ACCEPTANCE

SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.57 . 95.7% 86-118 %

.Toluene - d8 10.4 104% 88-110%

4 - Bromofluorobenzene 10.1 101% 86-115 %
1,2 - Dichlorobenzene - d4 . : 9.94 99.4% 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_I-w.xls Analyst: ro




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

Chloroform (Trichloromethane) 43.6 1.0

ND - Analyte not detected at stated limit of detection

1CAL / 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 11115898 1163446 95.9% 50 - 200 %
1,4 - Dichlorobenzene - d4 447091 458787 - 97.5% : 50 - 200 %
PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS ~ CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 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 ANALYSIS:

EPA 5030B, EPA 8260B

sec r:\reports\clients2001 \international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_I-w.xls ' 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 5260B

sec: ri\reportsiclients200N\international_uranium_corpcasper_org\31916-1-19_8260b_chioroform_I-w.xls Analyst: i rio



Volatile Organic Compounds

Client: " International Uranium (USA) Corporation Date Sampled: 03-23-01
Project: WHITE MESA MILL - 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 ACCEPTAN
INTERNAL STANDARDS AREA _ AREA RECOVERY ) RANGE
Pentafluorobenzene 1087398 1150521 94.5% 50 - 200 %
Fluorobenzene 2312161 . 2388861 96.8% /50 - 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 50308, 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 Sampledf - 03-2901
Project: WHITE MESA MILL ‘ Time Sampled: 11:24
Sample ID: WMMTW4-12 Dyp. oF TW 4-2 Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-12 : Date Analyzed: 04-06-01
Matrix: " Liquid - WATER ' . ' ‘ Date Reported:  April 14, 2001

Dilution Factor: 200

oroform (Trichloromethane)

67-66-3

ND - Analyte not detected at stated limit of detection

EPTANCE

INTERNAL STANDARDS  AREA AREA 'RANGE
Pentafluorobenzene 954374 1150521 50 - 200 %
Fluorobenzene 2199976 2388861 50 - 200 %
1,4 - Difluorobenzene 1545815 - 1775533 50 - 200 %
Chlorobenzene - d5 1054565 1163446 50 - 200 %
1,4 - Dichlorobenzene - d4 411716 458787 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 - d4 9.83 98.3% : .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: rlo -




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: 14:24
Sample ID: WMMTW4-13 R, nsartf, Pnor to Date/Time Received:  04-02-01 10:00
Laboratory ID: ~ 01-31916-13 purg:ng and Date Analyzed: 04.05.01
Matrix: Liguid - WATER ~ S2mp hinge PoC wells. Date Reported:  Aprl 14, 2001
Dilution Factor: 2 (Colleckd a -@m./;;’g

67-66-3 Chloroform (Trichloromethane)

ND - Analyte not detected at stated limit of detection

ICAL / CCAL

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 RECOVERY RANGE
Dibromofluoromethane ' 9.56 95.6% 86-118 %
Toluene - d8 © ' 10.5 105% 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 50308, EPA 8260B-

sec: r\reports\clicnts2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rio




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  Rinsale. paceio Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-14 ™MW -z . Date Analyzed: - 04-05-01
Matrix: Liquid - WATER Date Reported:  April 14, 2001

Dilution Factor: 2

67-66-3 Chloroforin (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 RECOVYERY 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]]}Q]LSLSEMIS-ANALYSISI

EPA 5030B, EPA 8260B

sec: r:\reporisiclients2001 Vinternational_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rio -




Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-25-01
Project: WHITE MESA MILL Time Sampled: 13:35
Sample ID: WMMTWA-15 2, g 3%, s $0 Date/Time Received:  04-02-01 10:00
Laboratory ID:  01-31916-15 Nlorym uxlls. ~Date Analyzed: 04-05-01
Matrix: Liquid - WATER I Date Reported:  April 14, 2001

Dilution Factor: 2-

67-66-3 Chloroform (Trichloromethane) ND

ND - Analyte not detected at stated limit of detection

1.0

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 %
Chilorobenzene - d5 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 .

Analyst: rlo

sec: r:\repons\cliemsZOOl\inl:mational_uranium_corp\casper_org\Sl_9l6-l-l9_8260b_chlorofonn_l-w.xls



Volatile Organic Compounds

Client: International Uranium (USA) Corporation Date Sampled: 03-29-01
Project: WHITE MESAMILL 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

" Chloroform (Trichloromethane) 4,360 ‘ 200

ND - Analyte not detected at stated limit of detection

- . | ICAL / CCAL
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\cliénlsZOOl\imcmational_uranium_corp\casp;:r_org\S 1916-1-19_8260b_chloroform_l-w.xls Analyst: rlo :



. .’-»

Volatile Organic Compounds

Client: International Uranjium (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

ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS AREA 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:\reportsiclients200\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rio




Client:

Project: WHITE MESA MILL
Sample ID: WMMTW4 COMP
Laboratory ID:  01-31916-18

Matrix: Liquid - WATER

Dilution Factor: 100

Imernatidna] Uranium (USA) Corporation

Volatile Organic Compounds

Date Sampled: 03-30-01
Time Sampled: 07:36
Date/Time Received:  04-02-01 10:00 -
’ Date Analyzed: 04-05-01

Date Reported:  April 14, 2001

67-66-3 Chloroform (Trichloromethane)

687

ND - Analyte not detected at stated limit of detection

50.0

INTERNAL STANDARDS  AREA

Pentafluorobenzene . 1036677
Fluorobenzene 2249534 .
1,4 - Difluorobenzene 1598837
Chlorobenzene - d5 1072649

1,4 - Dichlorobenzene - d4 416945

SYSTEM MONITORING COMPOUNDS
Dibromofluoromethane

Toluene - d8

4 - Bromofluorobenzene

1,2 - Dichlorobenzene - d4

METHOQDS USED IN THIS ANALYSIS:

EPA 5030B, EPA 8260B

sec: r:\reporis\clients2001\international_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls

1CAL / CCAL
AREA
1150521
2388861
1775533
1163446
458787

CONCENTRATION
9.44
10.6
10.2
9.92

PERCENT

90.1%
94.2%
90.0%
92.2%
90.9%

PERCENT

94.4%
106 %
102%

99.2%

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

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

Analyst: rlo




ANAL REPORT, EPA Mk
Volatile Organic Compounds

Client: International Uranium (USA) Corporation - Date Sampled: 03-16-01
Project: WHITE MESA MILL Time Sampled: ~  16:10
Sampie 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

o ICAL / CCAL PERCENT ACCEPTANCE
INTERNAL STANDARDS AREA : AREA RECOYERY : RANGE
Pentafluorobenzene 1191328 1150521 104% 50 - 200 %
Fluorobenzene 2452721 2388861 _ 103% 50 - 200 %
1,4 - Diflucrobenzene 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 - Bromofluorobenzene 9.89 98.9% 86-115%
1,2 - Dichlorobenzene - d4 9.79 97.9% 80-120 %
METHODS USED IN THIS ANALYS]S:
EPA 5030B, EPA §260B

sec: r:\repons\clicmsZOOl\imemalional_uranium_corp\i:asper_o'rgﬂ1916-1-19_8260b_chlomfonn_l-w.xls Analyst: rlo




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

67-66-3 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 - d4 464888 458787 101% 50 - 200 %
. . PERCENT ACCEPTANCE
SYSTEM MONITORING COMPOUNDS CONCENTRATION RECOVERY RANGE
Dibromofluoromethane 9.53 95.3% 86-118 %
Toluene - d8 10.2 o ©102% 88-110 %
4 - Bromofluorobenzene 9.88 98.8% 86-115 %
1,2 - Dichlorobenzene - d4 9.85 98.5% 80-120 %
METHODS USED IN THIS ANALXSIS:
EPA 5030B, EPA 8260B .

sec: r:\reporis\clients2001 Vinternational_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 90.0% 50 - 200 %
" Fluorobenzene 2388861 2213431 92.7% 2237292 ' 93.7% .50 -200 %
1,4 .- Difluorobenzene 1775533 1595730 89.9% 1600008 90.1% 50-200 %
Chiorobenzene - d5 1163446 1065324 91.6% 1060181 91.1% 50 -200 %

1,4 - Dichlorobenzene-d4

9.57 95.7% 86-118 %

Dibromofluoromethane 9.62 96.2%
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 %

Chloroform (Trichloromethane) o ' 9.85

SPIKE DUP ORIG. CONC. SPIKE PERCENT RPD
CONCENTRATION (ugll) (ug/l) RECOVERY RED LIMITS
10.1 ND 10.0 101% 2.8% ' 20 %

Chloroform (Trich]oromethane)

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

sec: r:\repons\clicmszom\imernalional_uranimn_corp\casper_org\SI916-I-19_8260b_chlomform_l-w.xls Analyst: rlo ,




ENERGY LABORATORIES, INC.
SHIPPING: 2393 SALT CREEK HIGHWAY « CASPER, WY 82601

LABORA TORIES MAILING: P.O. BOX 3258 » CASPER, WY 82602
E-mail: casper@energylab.com ¢ FAX: (307) 234-1639

. » Glllett
B ehopid Gity | PHONE: (307) 235-0515 + TOLL FREE: (888) 235-0515

July 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 proj ject 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.

CA'M Fﬂs'pr

Steven £, Camaren
CRGAMCS SUPLR AN Prosest Mana 335

Approved By: QAQC - Data Validation:

COMPLETE ANALYTICAL SERVICES



YEL /4

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

| o mMcL/

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

VOLATILE ORGANIC COMPOUNDS

Chiloroform 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 / rio
Surr: Dibromofluoromethane 111 %REC 80-120  SW8260B 06/28/01 17:03 / o
Surr: p-Bromofiuorobenzene 102 %REC 80-120 SW8260B 06/28/01 17:03 / rlo

102 %REC 80-120 SW8260B 06/28/01 17:03 / o

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

S - Spike recovery outside accepted recovery limits
R - RPD outside accepted recovery limits
* - Value exceeds maximum contaminant level
RL - Analyte reporting level
Page 1 of 13



5]

07/05/01

06/22/01 10:42
Client Sample ID: WMMTW4.2

Analysis Date / By

CLIENT: International Uranium (USA) Corp-Blandin Report Date:
Lab Order: C01060297 Collection Date:
Project: ‘White Mesa Mill
Lab ID: C01060297-002 Matrix: AQUEOUS
R e ——— e _ - MCL/

Analyses Result  Units Qual RL QCL Method
VOLATILE ORGANIC COMPOUNDS '
Chioroform 5500 ug/L 200

Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120

Surr; Dibromofluoromethane 114 %REC 80-120

Surr: p-Bromofiuorobenzene 102 %REC 80-120

Surr: Toluene-d8 100 %REC 80-120
R;po;t-_—w- N .ND - Not detected at the reporting limit
Definitions: J - Analyte detected belpw quantitation limits R - RPD outside accepted recovery limits

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

QCL - Quality control limit

SwW82608B
SwW82608B
SWg2608
SW8260B
SW8260B

06/28/01 17:46 / rio
06/28/01 17:46 / rlo
06/28/01 17:46 / rio
06/28/01 17:46 / rio
06/28/01 17:46 / rlo

S - Spike recovery outside accepted recovery limits

* . Value exceeds maximum contaminant level

RL -'Analyte reporting level

Page 2 of 13



YEL 7

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

R MCL/ —_— e

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS

Chioroform 390  ugh 50 SW82608 06/28/01 18:28 / rio
Surr: 1,2-Dichlorobenzene-d4 98.8 %REC 80-120 SW82608B 06/28/01 18:28 / rio
Surr: Dibromofiucromethane 113 %REC 80-120 SW8260B 06/28/01 18:28 / rlo
Surr: p-Bromofluorobenzene 102 %REC 80-120 SW8260B . 06/28/01 18:28 / rio
Surr: Toluene-d8 : 101 %REC ) 80-120 SwW8260B - 06/28/01 18:28 / rlo

Report B Nb - Not detected at the reporting limit S - Spike reco;'ery outside accepted reco;ery 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



YEL /4

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 '
T e et . MCL/ —_— .
Analyses Result Units Qual RL QCL Method Analysis Date / By
VOLATILE ORGANIC COMPOUNDS ‘
Chloroform 3100 ug/L 200 SW82608 06/28/01 19:11 /ro
Surr: 1,2-Dichlorobenzene-d4 100 %REC ) 80-120 SW8260B 06/28/01 19:11 / rlo
Surr: Dibromofluoromethane 113 %REC 80-120 - SW8§260B - 06/28/01 19:11 / rlo
Surr: p-Bromofluorobenzene - 103 %REC ' 80-120 SW8260B 06/28/01 19:11 / rio
Surr: Toluene-d8 ’ 101 %REC 80-120 SW8260B 06/28/01 19:11 / rio
Rc;;;ort ND - Not detected at the reporting limit S - Spike recovery outside accepted recow':ry 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 : a8

QCL - Quality control limit Page 4 of 13



VEL]/

CLIENT: International Uranjum (USA) Corp-Blandin

Lab Order: C01060297

Report Date: 07/05/01
Collection Date: 06/20/01 14:14

Project: White Mesa Mill Client Sample ID: WMMTW4-5
Lab ID: C01060297-005 = Matrix: AQUEQUS
. MCL/ - "”

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

VOLATILE ORGANIC COMPOUNDS

Chloroform . 240 ug/L 10 SwW8g2608 06/28/01 19:53 / rlo
Surr: 1,2-Dichiorobenzene-d4 99.3 %REC 80-120 SW82608B 06/28/01 19:53 / rlo
Surr: Dibromofluoromethane 117 %REC 80-120 © SW8260B 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 SwW8260B =~ . (06/28/01 19:53 /rio

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
MCL - Maximum contaminant level

QCL - Quality control limit

* - Value exceeds maximum contaminant level
RL - Analyte reporting level
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

Project: White Mesa Mill
- Lab ID: C01060297-006 Matrix: AQUEOUS
' MCL/ - _
Analyses Result  Units Qual RL QCL Method Analysis Date / By
VOLATILE ORGANIC COMPOUNDS ) v
Chioroform ND . uglL 2.0 SW82608 06/28/01 20:36 / rio
Surr: 1,2-Dichlorobenzene-d4 100 %REC 80-120 SW8260B 06/28/01 20:36 / rlo
Surr: Dibromofluoromethane 114 %REC 80-120 SW8260B 06/28/01 20:36 / rio
Surr: p-Bromofiuorobenzene 102 %REC 80-120 SW8260B . 06/28/01 20:36 / rio
102 %REC 80-120 SWB8260B 06/28/01 20:36 / rlo

Surr: Toluene-d8

Report

Definitions: J - Analyte detected below quantitation limits

ND - Not detected at the reporting limit

B - Anaiyte 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 6 of 13



VEL

Report Date: 07/05/01

CLIENT: International Uranium (USA) Corp-Blandin

Lab Order: COl,Q60297 Collection Date: 06/20/01 12:55

Project: White Mesa Mill Client Sample ID: WMMTW4-8

Lab ID: C01060297-007 Matrix: AQUEQUS

S et semeren mt e e+ e —_ MCL/ —_ —

Analyses Result  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS '

Chloroform 180 ug/L 10 SwW82608 06/28/01 21:19 / rlo
Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120 SWwW82608 06/28/01 21:19/ flo
Surr: Dibromofluoromethane 112 %REC 80-120 © SW8260B 06/28/01 21:19 / rlo
Surr: p-Bromofiuorobenzene 103 %REC 80-120 Sw8260B 06/28/01 21:19 / o

102 %REC 80-120 SW8260B 06/28/01 21:19 / ro

Surr: Toluene-d8

Report
Definitions:

ND - Not detected at the reporting limit

} - 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 fecovery limits
R - RPD outside accepted recovery limits
* . Value exceeds maximum contaminant level
RL - Analyte reporting level
Page 7 of 13



VEL /4

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 SW8260B 06/28/01 22:01 / flo
Surr: 1,2-Dichlorobenzene-d4 . 98.3 %REC 80-120 Sws260B 06/28/01 22:01 / o
Surr: Dibromofluoromethane 112 %REC 80-120 - SW8260B 06/28/01 22:01 / rlo
Surr: p-Bromofluorobenzene 103 %REC 80-120 SW82608B 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

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 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 / rlo
Surr: 1,2-Dichiorobenzene-d4 98.5 %REC 80-120 SW8260B 06/28/01 22:44 / o
Surr: Dibromofiuoromethane 113 %REC 80-120 - SW8260B 06/28/01 22:44 / o
Surr: p-Bromofluorobenzene 103 %REC 80-120 Sw8260B 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

Report
Definitions: 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 9 of 13




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 / rlo
Surr: p-Bromofiuorobenzene 105 %REC 80-120 SW8260B 06/28/01 23:26 / rlo
Surr: Toluene-d8 101 %REC 80-120 SwWB8260B 06/28/01 23:26 / rio
Reﬁ;;t ND : i;lét detected at the reporting limit S - Spike recovéry outside accepted re-cov'ery 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 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

o U e - MeL, e —

Analyses Result  Units Qual RL QCL Method Analysis Date / By

VOLATILE ORGANIC COMPOUNDS -

Chioroform 320 ugll . 2.0 Swe260B8 06/29/01 00:09 / rio
Sur: 1,2-Dichlorobenzene-d4 97.9 %REC 80-120 SW8260B 06/29/01 00:09 / rio
Surr: Dibromofiuoromethane 116 %REC 80-120 SW8260B 06/29/01 00:09 / rlo
Surr: p-Bromofiuorobenzene 102 %REC 80-120 SW82608 ~ 06/29/01 00:09/ rlo
Surr: Toluene-d8 102 %REC ’ 80-120 Sws8z260B 06/20/01 00:09/ rlo

S - Spike recovery outside accepted recovery limits

Report ND - Not detected at the reporting limit
Definitions:’ U . i
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



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

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 SW8260B 06/29/01 00:51 / rlo :
Surr: Toluene-d8 . 102 %REC 80-120 SW8260B 06/29/01 00:51 / rio |
Iiel;;—r;" ] - 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 12 of 13



27

International Uranium (USA) Corp-Blandin

Report Date: 07/05/01 =

CLIENT:
Lab Order: C01060297 Collection Date: 06/22/01 13:50
Project: White Mesa Mill Client Sample ID: WMMTW4-Comp
Lab ID: C01060297-013  Matrix: AQUEOUS
R S e — Moy T
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
VOLATILE ORGANIC COMPOUNDS
Chioroform 960  uglk 100 Swe2608 06/29/01 01:34 / rlo
Surr: 1,2-Dichlorobenzene-d4 101 %REC 80-120 SW8260B 06/29/01 01:34 / rlo
Surr: Dibromofiuoromethane 118 %REC 80-120 - SW8260B 06/29/01 01:34 / rlo
Surr: p-Bromofiuorcbenzene 103 %REC 80-120 SW8260B 06/29/01 01:34 / rlo
103 %REC 80-120 SWg260B 06/29/01 01:34 / rlo

Surr: Toluene-d8

ND - Not detected at the reporting limit

Report
Definitions: 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 13 of 13



IELI

CLIENT: International Uranium (USA) Corp-Blandin
(USA) Corp ANALYTICAL QC SUMMARY REPORT Date: 05-Jul-01
Work Order: C01060297
Project: White Mesa Mill TestCode: VOC-8260-W-SHT
Sample ID: 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 Quat
Chioroform ND 1.0
Surr: 1,2-Dichlorobenzene-d4 9.99 0 10 0 999 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: WMMTWA4-Comp Batch ID: R282 TestNo: SW82608B Analysis Date:  6/29/2001 SeqNo: 5894
Analyte Result PQL  SPKvalue SPK RefVal %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chiloroform 13330 1000 10000 956 124 70 130 V] 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 1] 0
Sample 1D: C01060297-013A SampType: MSD TestCode: VOC-8260-W-SHT Units: ug/L Prep Date: Run ID: GCMS1-C_010628A
ClientID: WMMTWA4-Comp Batch I1D: R282 TestNo: SW8260B Analysis Date: 6/29/2001 SeqNo: 5895
Analyte Resuit PQL SPK value SPK RefVal %REC LowLimit HighLimit RPD Ref Val %RPD RPDLImIt Qual
Chloroform ) 13570 1000 10(_)00 956 126 70 - 130 13330 1.78 A 20
Surr: 1,2-Dichlorobenzene-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
(‘);lai'Iaers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits

B - Analyte detected in the associated Method Blank

Page I of I

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




ENERGY,

LABORATORIES B

MLLINGS, MT

CHAIN OF CUSTODY RECORD

PLEASE PRINT OR TYPE ALL

|NFORMAT,O;|EXCEPT SIGNATURES
AN 7)
MY

Received Date:
Login Date:
Shipped by:
Shipping Bifl #:
Sample Temp:

PR -A1

°C

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

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

V2 U0G 176 P L Fortob Use Only

CASPER, WY
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2062

* Billings ENERGY LABORATORIES, INC. 'S CHAIN OF CUSTODY RECORD toll free 1-888-235-0515
" Casper Mail Only: PO Box 3258 *  Casper, WY o  82602-3258 voice  307-235-0515
eRapidCity  UPS/FedEx Deliveries: =~ 2393 Salt Creek Highway *  Casper, WY 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)
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Energy Laboratories, Inc.
SAMPLE CONDITION REPORT

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

Client: International Uranium (USA) Corporation Description: WATER
Lab ID(s): 01-33939-1 Thru 01-33939-14 Matrix: Liquid,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:
Ssamples received within holding time: Yes Comments:
Samples received in proper containers: Yes Comments:

Yes Comments:

Samples Properly Preserved:

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

Comments:



TABORATORIES

ENERGY LABORATORIES, INC.

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

MAILING: PO. BOX 3258 « CASPER, WY 82602
ol e e e
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
. |IRPD! 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\liquid\33936-1-13.xls
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ENERGY

LABORATORIES

BILLINGS, MT. ..

PLEASE PRINT OR TYPE ALL

INFORMS;I\ON EXCEPT SIGNATURES

CASPER, WY

CHAIN OF CUSTODY RECORD
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CHAIN OF CUSTODY RECORD Shipped by: Y

Intact: 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
Matrix: Liquid

Lab ID(s): 01-33936-1 Thru 01-33936-13

‘Delivered by: UPS Date&Time Rec'd: 26-JUN-01 1000
Logged In by: Kerri Schroeder

Received by: Sara Hawken

Chain of custody form completed & signed:

Chain of custody seal:

Chain of custody seal intact:

Signature match, chain of custody vs. seal:
Sample received Temperature: '
Samples received within holding time:
Samples received in proper containers:
Samples Properly Preserved:

Yes
No

N/A
N/A
5¢C

Yes
Yes
Yes

Description: WATER

Date&Time Col'd: 21-JUN-01 1031

Comments:
Comments:
Comments:
Comments:
Comments:
‘Comments:
Comments:
Comments:

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

Comments :
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REPORT

PACKAGE SUMMARY - FINAL

Energy Laboratories, Inc.

ELI-
ELI-
ELI-
ELI-

CcOo
ip
N/A
NA

NST
NSD

B
G
H
R

Energy Laboratories,
Energy Laboratories,
Energy Laboratories,
Energy Laboratories,

Inc.
Inc.
Inc.
Inc.

Acronyms and Definitioms

- Billings, Montana

- Gillette, Wyoming
Helena, Montana

‘Rapid City,South Dakota

Carry over from preVious sample
Insufficient parameters '

Not Applicable
Not Analyzed

Analyte Not Detected at Stated Limit of Detection

Analyte Not Requested

No Sample Time Given
No Sample Date Given

Client ID:
Client 1ID:
Client ID:
Client ID:
Client 1ID:

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

WMMMW4 is associated to Lab ID: 01-33936-10
WMMTW4-1 is associated to Lab ID: 01-33936-1
WMMTW4-10 is associated to Lab ID:
WMMTW4-11 is associated to Lab ID: 01-33936-12
WMMTW4-12 is associated to Lab ID: 01-33936-13

01-33936-11

Client
Client
Client
Client
Client
Client
Client
Client

ID:
ID:
ID:
ID:
ID:
ID:
ID:
;. WMMTW4 -9

ID

WMMTW4 -2
WMMTW4 -3
WMMTW4 -4
WMMTW4 -5
WMMTW4 -6
WMMTW4 ~7
WMMTW4 -8

‘is

is
is
is
is
is
is
is

associated
associated
associated
associated
associated
associated
associated
associated

to Lab
to Lab
to Lab
to Lab
to Lab
to Lab
to Lab
to lLab

ID:
ID:
ID:
ID:
ID:
ID:
ID:
ID:

01-33936-2
01-33936-3
01-33936-4
01-33936-5
01-33936-6
01-33936-7
01-33936-8
01-33936-9
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ENERGY LABORATORIES. INC. - 2393 Salt Creek Highway (82601} * PO, Box ™8 - Casper Wwv 82502
Toll Free 866.235.0515 - 307. 0515 - Fax 307.234.1639 + casper@energyiab.c -wwme/gr_t'jylab.mm_

LABORATQRIES

LABORATORY ANALYTICAL REPORT

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

Project:  3rd Qur CIW Samipling - White Mcsa 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 QCX.  Method Analysis Date / By

VOGS v

Chloroform 4900 ug/L 400 SW82608 10/04/01 00:56 / th
Surr: 4,2-Dichlorobenzene-dé 104 %REC 80120 SW8260B 10/04/01 00:58 / rh
Surr: Dibromofiuoromethans 935 %REC ’ 80-120 SWB82608 10/04/01 00:56 / th
Sum: p-Bromofluorabenzene 83.0 %REC 80-120 SWB8260B - 10/04/01 00:56 / th
Surr: Toluene-d8 95.6 %REC 80-120 S8wW82608 10/04191 00:56 / th

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

Client Sample ID; WMMTW4-3 DateReccived: 09/25/01

Matrix: AQUEOUS
MCL/

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

VOGS :

Chigroform 300 ugiL 100 SW8260B 10/02/01 22:30 / h
Surm: 1,2-Dichlorobenzene-d4 102 %REC 80-120 SwW82608 10/02/01 22:3G / ¢h
Surr; Dibromofluoromethane 109 %REC 80-120 SW8260B 10/02/01 22:30 / th
Surr: p-Bromafivorobenzene 88.8 %REC 80-120 SWB8260B8 10/02/01 22:30 / ¢h
Surr; Toluene-d8 96.9 %REC 80-120 SWB8260B 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 Method Analysis Date / By

voces

Chiaroform . 3200 ug/L 200 sSwa2608 10/02/01 23:11 ¢ th
Surr: 1.2-Dichiorobenzene-d4 101 %REC 80-120 SwWa260B 10/02/01 23:11 /' h
Surr: Dibromofiuoromethane 107 %REC 80-120 SWE260B 10/02/01 23:11 / th
Surr; p-Bromofiugrobenzene 88.9  %REC 80-120 SWB8250B 10/02/01 23:11 /1 th
Surr; Toluene-d8 95.5 %REC 80-120 SWB2608 10/02/01 23:11/rh

Report ND - Not detected at the reporting limit RL - Analyte reporting level
Definitions: MCL - Maxzimum contaminant level QCL - Quality cantrol limit
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ENERGY LABORATORIES- 'NC. - 2393 Sait Cragk Highway (82601) - RO, Box * 8 - Casper Wy
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LABORATORIES

LABORATORY ANALYTICAL REPORT

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

Project:  3rd Qi CIW Sampling - White Mesa Milt Report Date:  10/16/01

LabID:  C01090685-004 Collection Date: 09/20/01 10:05

Clicnt Sample ID: WMMTW4-5 DateReceived: 09/25/01

Matrix: AQUEOUS
, MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By

vOCS -

Chileroform 240 ug/L 20 Sw8e2608 10/04/01 04:37 / ch
Surr: 1,2-Dichlerobenzene-d4 100 %REC 80-120 SWB82608 10/04/01 01:37 / th
Surm Dibromoflusromethane 92.5 %REC 80-120 SWaz608 10/04/01 01:37 I th
Swir: p-Bromofiucrobenzene 82.8 %REC 80-120 SWB82603 10/04/01 01:37 I th
Sur: Toluene-d8 94,3 %REC 80-120 SWBS2608B 10/04/01 01:37 / th

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

Client Sample ID: WMMTW4-6 DateReceived: 05/25/01 L

Matrix: AQUEOUS
MCL/

Analyses Result  Units Qual RL QCL Method Analysis Date / By

vOCs

Chioroform 3.6 ug/L 2.0 Swa2608 10/03101 13:21 / th
Surr: 1,2-Dichlorobenzene-d4 99.0 %REC 80-120 Swg260B 10/03/01 13:21 /th
Sum: Dibromofluoromethane 100 %REC 80-120 SwWB8260B 10/03/01 13;214rh
Surr, p-Bromafluorobenzene 86.9 %REC 80-120 SWwWa260B 10/03/01 13:21/1h
Surr: Toluene-dB : 8.1 %REC 80-120 SWB260B 10/03/01 13:21 /¢h

‘LabID: C01090685-006 ‘ Collection Date: 09/20/0] 10:43
- Client Sample JD: WMMTW4-7 ‘ DatcReceived: 09/25/01
Matrix: AQUEQUS
. MCL/

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

vOCS _ .

Chioroform 1200 ug/L. 100 Sw82608 10/03/01 14:02/th
Surr: 1,2-Dichiorobenzene-d4 98.9 %REC 80-120 Swa260B 10/03/01 14:02 / ¢h
Surr: Dibromofluaromethane 98.6 %REC 80-120 Sw82608 10/03/01 14:02/
Sure: p-Bromofivorobenzene 88.7 %REC 80-120 SWwWB8260B 10/03/01 14:02/ rh
Surr: Toluene-dg 96.2 %REC 80-120 SwWas260B 10/03/01 14:02/th

Report ND - Not detected at the reporting limit RL - Analyte reperting level
Definitions: MCGL - Maximum contaminant lcvel QCL - Quality control limit
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ENERGY LABORATORIES *NC. - 2393 Salt Craek Highway (82601) - RO. Box ™ "™ - Casper, WY 82602
Tof Free 888.235.0515 « 307.. 7515 - Fax 307.234.1639 - casper@energrlab.c. - www.enemylab.com

LAEORATORIES |

LABORATORY ANALYTICAL REPORT

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

Project:  3rd Qtr CTW Sampling - White Mesa Mill Report Date: 10/16/01
LabID: C01090685-007 Collection Date: 09/20/01 09:46
Client Sample ID: WMMTW4-8 DateReceived: 09/25/01
Matrix: AQUEOQUS
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

vOCS

Chlorofarm 180 ug/L 10 5wW82608 10/03/01 14:43 / th
Sur; 1,2-Dichlorobenzene-d4 99.4 %REC 80-120 SWB82608 10/03/01 14:43 / ¢h
Sur: Dibromeflucromethane 102 %REC 80-120 SWB82608 10/03/01 14:43 / rh
Surr: p-Bromoflucrobenzene ar.s %REC © B0-120 SW82608 10/03/01 14:43 / th
Surr: Toluene-ds 85.9 %REC 80-120 SwWa8260B 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 RI. QCL  Method Analysis Date / By

vocs .

Chiloroform 19 ug/lL 20 SW3a2608 10/04/01 02:27 / th
Sun 1,2-Dichlorobenzene-d4 89.2 %REC 80-120 SWB8260B 10/04/01 02:27 / th
Surr: Dibromoflucromethane 921 %REC 80120 SW82608 10/04/01 02:27 / th
Surr: p-Bramofluorobenzene B4.8 %REC ’ 80-120 SW82608 10/04/01 02:27 / th
Surr: Toluene-dg 873 %REC 80-120 SW8260B 10/04/01 02:27 / rh

LabID: C01090685-009 ; Callection Date: 09/20/01 11:20

Client Sample ID: WMMMW4 DateReceived: 09/25/01

Matrix: AQUEOUS
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By

voecs

Chloroform 5300 uall 400 swa2608 10/03/01 16:04 / th
Surr: 1,2-Dichiorobenzeane-d4 102 %REC 80-120 SwB82608 10/03/01 16:04 / th
Surr: Dibromofluoromathane 102 %REC 80-120 SWg2608 10/03/01 16:04 / th
Surr; p-Bromefluorobenzene 87.2 %REC 80-120 SWB8260B 10/03/01 16:04 / th
Surm: Teluene-ds 96.7 %REC 80-120 SWwW8260B 10/03/01 16:04 /th

Report ND - Not detected at the reporting limit RL - Analyte reporting level
Definitions: MCL - Maximum contaminant level QCL - Quality control limit
TARSHMTIN thL PanE
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ENERGY LABORATORIES: *NC. « 2393 Salt Creek Highway (62601) + PO, Box "9 - Casper, Wy 82602
Toll Free 888.255.0515 - 307. 515 + Fax 307.234.1639 - casper@energylab.c.  www.energylab.com

LABORATORY ANALYTICAL REPORT
Client: International Uraninm (USA) Corp Lab Order: C01090685
Project: 3rd Qu CIW Sampling - White Mesa 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 Unirs Qual RL QCL Method Analysis Date / By
VOGS . |
Chlecroform - ND ug/L 1.0 SWg2608 10/02/01 16:59 / th
Surr: 1,2-Dichlorobenzene-d4 101 %REC BD-120 SW82608 10/02/01 16:58 / rth
Surr: Dibromofluoromethane 102 Y%REC B0-120 SWB8260B . 10/02/01 16:58 /rh .
Surr: p-Bromofluorobenzeng 8.7 %REC 80-120 SWa2608 10/02/01 16:59 / rth
Surr: Toluene-d8 96.7 %REC 80120 SWB82608 10/02/01 16:59 /th
Report ND -Nox detected at the reporting limit RL - Analytc reporting level
Definitions: . MCL - Maximum contaminant level , QCL - Quality control limit
TRACUINT I RASE NO
DT T A

o050 S

R



ENERGY LABORATORIES, INC.

;’—{V{’QFATO{'?"ES PHONE (307) 235-0615 * FAX (307) 224-1639

P.O. BOX 3258 CASPER, WY 82602 + 2393 SALT CREEK HIGHWAY ¢ CASPER, WY 82801

CLIENT: International Uranium (USA) Corp

Work Order:  CO1050685 ANALYTICAYL QC SUMMARY REPORT

Date: {8§-Oct-0}

Project: 3rd Qtr CIW Sampling - White Mesa Mill TestNo: SW8260B
Sample ID: Method Blank # SampType: MBLK TestCode: VOC-8260-W-SHT Unlis: ugfL Prep Date: RunID: GCMS1-C_011001A
Client ID: Batch iD: R2449 TestNo: SWa2608 Analysis Date:  10/1/2001 SeqNo: 48698
Analyte Result PQL SPKvalus SPK Ref val - %REC Lovdimil HighLimit RF‘D Ref Val %RPD RPDLimit Qual
Chioroform ND 1.0
Sum: 1,2-Dichlorobenzene-d4 98 Q 10 0 98 80 120 0 0
Surr: Oibromofizcromathane 10.12 ¢ 10 ] 101 80 120 0 0
Surr; p-Bramofuorobenzene 8.76 0 10 0 87.5 - 80 120 0 )
Surr: Toluene-d8 5.68 ¥} 10 0 268 a0 120 0 0
Sample ID: itethod Blank # SampType: MBLK TestCode: VOC-3260-W-SHT Units: ug/L. Piep Dale: Run ID: GCMS4-C_041003C
Client ID: Bailch ID: R24584 TestNo: Syy82608 Analysis Date:  10f2/2001 SeqNo: 48751
Analyte Result PaL SPKvalus SPK Rafval %REC Lowllmit Hightmit RPD RefVal %RPD RPDLImIt Qual
Chloroform ND 1.0 ‘
Sum: 1,2-Dichicrobenzene-d4 10.13 0 10 0 101 80 120 0 0
Sum: Dibromoflugromethans 10.33 ¢ 10 o 103 8o 120 1} 0
Surr; p-Bromofluorobenzene 8.59 0 10 0 85.9 80 120 0 0
Surr: Toluene-d8 9.6 0 10 0 96 80 120 0 0
Sample ID; Melhad Biank # SampType: MBLK TestCade: VOC-8260-W-SHT - Units: ugll. Prep Date: Run ID: GCMS1-C_041003C
Clienl 1Dt Batch 1D: R2484 TestNo: SWH2608 Analysis Dale: 10432001 SegNo: 49762
Analyte Resull PQL SPKvalue SPKRefVal %REC Lovwlimit HighLimit RPD RefVal %RPD RPOLimit Qual
Chloraform ND 1.0
_ Surr: 1,2-Dichlarobenzene-d4 8.8 1} 10 0 - 28 ag 120 D 1]
= §il: Dibromofiuoromethane 10.12 0 10 ¢ 101 80 120 - 0 0
.7 §gr: p-Bromofluorobenzene 8.76 0 10 0 87.6 80 120 0 0
=" B Toluene-d8 0.68 0 10 0 96.9 80 120 0 0
e .
dioed
(915 B

:) Q]Is'l ifters:
O m

Lid ;5

ND - Not Detected at the Reporting Limil 8 - Spike Recovery oulside accepted recovery limils

I - Anatyte detected below quantitation limits R - RPD putside eceepted recovery limits

COMPLETE ANALYTICAL SERVICES

B - Analyte detecled in Lhe 2ssocialed Method Blank

| 0-80-AON
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210/900°d  4958-1
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CLIENT'. Intemational Uranium (USA) Co ' .
(USA) Corp ANALYTICAL QC SUMMARY REPORT Date: /8-Oct-01
YWork Order:  CO1090685
Project: 3rd Qtr CTW Sampling - White Mesa Mill TestNo: SW8260B
Samgle ID; Method Blank # SampType: MBLK TestCode: VOC-8260-W-SHT Unils: ug/L Prep Date: Run|D: GCMS1-G_011003C
Cllent ID: Batch ID: R2464 TasiNo: SW8260B Analysls Date: 10142001 SeqNo: 49769
Analyte Result PQL  SPKvalue SPK RefVal %REC Lowlimit HighLimit RPD Ref Val %RPD RPDLImH  Qual
Chloroform ND 10 , ‘
Surr: 1,2-Olchlorobenzene-d4 10.16 0 10 4} 102 . 80 120 0 0
Sur; Dibromofluaromethane 10.07 o 10 ¢ 101 a0 120 ¢ 0
Sur: p-Bromofluorobenzene 243 D 10 0 B4.3 80 120 0 0
Surr: Toluene-d8 9.51 0 10 0 85.4 80 120 0 0
Sample ID. C01090685-009A SampType: MS TestCode: VOC-B260-W-SHT Unlts: ugil Prep Date: Run ID: GCGMS1-C_011001A
Clien! 1D;  WHMMMW4 Batch ID: R2449 TestNo: SWB260B Analysis Date: 10/4/2001 SagqNo: 49728
Analyte Result PQL  SPKvalue SPKRefVal %REC Lovdimil Highlimit RPD RefVal %RPD RPOLImit Qual
Surr: 1,2-Dichlorebenzane-t4 9980 0 10000 0 99.8 80 120 0 0
Surr: Dibramafluagromethene 9770 0 10000 0 97.7 BO 120 0 0
Surr: p-Bromofluocrabenzene 8730 0 40000 0 87.3 80 120 0 0
Sum: Toluene-ds 4620 Q 10000 0 06.2 80 120 0 ¢
Sample ID: C01090773-001A SampType: MS TestCode: VOC-8260-W-SHT Units: ug/L Prep Date: Run ID: GCMS1-C_011003C
Client ID: Balch iD; R2481 TesiNo: SW82608 Analysis Date:  10/2/2001 SeqiNo: 49752
Analyle Result PQAL  SPKvalte SPK RefVal %REC Lowlimit Highlimit RPD RefVal %RPD RPDLImIt Quel
Chloroform 51.9 5.0 50 0 104 70 130 0 0
Surr; 1,2-Dichlorobenzene-dd 50.4 0 50 0 101 ac 120 0 0
Surr: Dibromoflucramethane §2.75 0 50 4] 106 80 120 0 0
7y £yrr: p-Bromofluorabenzene 43.45 0 50 ¢ 86.9 80 120 0 0
,  Srr: Foluene-dB 4775 D 50 ¢ 95.5 80 120 il 0
-,:__1 't 'f—-".’
o
W &
-1 2
St ] ..-’

SNIONY1E Jnj-uotd

p222 8.3 108

¢l0/400°d  S88-L

§2l-4

) Qubi![ﬁm:
L2 ] - Annlyle detected below quantitation limits
> M

-
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ND - Not Detzcled al the Reporfing Limit § - Spike Recovery outside accepted recovery limits B - Analyte delected in the associnted Method Blank

R - RPD outside accepled recovery Kmits
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Work Order: CQa1090635
Project: 31d Qtr CTW Sampling - White Mesa Mill TestNo:  SWB8260B
Sample 1D: C01030685-008A SampType: M3 " TesiCode: VOC-B260-W-SHT Unlis: ugiL Prep Date: Run ID: GCMS1-C_011003C
ClientI:  WMMMW4S -Balch ID: R2461 TesiNg: SW8260B . Analysis Dale:  40/372001 SegNa: 40783
Analyle Resuilt PQL  SPKvaluse SPKRefval  %REC Lowiimil Hightimit RPD Ref Val %RPD RPDUmIt Qual
Chlotoform 16180 1000 10000 5280 105 70 130 g8 o]
Surm: 1,2-Dichlorobenzene-dé¢ 0980 0 10000 0 99.8 8¢ 120 a 0
Sum; Dibromofiuoremethane o770 0 10000 ¢ 97.7 80 120 4] 0
Sure: p-Bromofluorchenzene 8730 0 10000 o ar3 80 120 g 0
Sum: Tofuane-¢8 8620 2 10000 0 96.2 80 120 4] 0
Sample ID; C01090695-012A SampType: MS TesiCode: YOC-8260-W-SHT Units: up/L Prep Date. Run iD: GCMS1-G_011003C
Client ID: Batch ID: R2461 TestNo: SWa280B Analysis Date: 10/5/2004 " SeqiNo: 48770
Analyte Result PQL  SPKvalue SPK RefVal %REC Loatimit Highlimit RPOD Ref Val %RPD RPDLIimit Qual
Chloroform 1047 50 1000 0 105 70 130 0 0 '
Surr: 4,2-Dichlarcbenzene-dé Q96 4] 1000 0 59.6 80 - 120 0 0
Surr; Dibromofuoramelhanse 882 0 1000 4] 98.2 a0 120 D (]
Surr: p-Bremofluorabenzene 875 (1) 1000 ¢ 87.5 80 120 0 0
Surr: Toluene-d8 970 0 1000 0 87 as 120 0 0
Sample {D: C01090685-009A SampType: MSD TestCode: YOC-8260-W-SHT Unlis: upgil Prep Date: Run ID: GCMS1-C_011001A
Client ID:  WMMMW4 Batch ID: R2449 TestNo: SWaze08 E ) Analysis Dale: 10/1/2001 SeqNo: 49730
Analyle . Resuil PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD RefVal %RPD RPDLUmMIt Qual
LChicraform . 15750 1000 10400 5280 105 70 130 » 16180 269 20
Surr: 1,2-Dichiorobenzene-d4 © 10030 0 10000 (1] 100 80 120 0 0 10
1« Surr: Dibromofluoremethane 9850 0 16000 0 98.5 ao 120 0 0 16
ol S'u’rr- p-Bromofiunrobenzene 8790 0 10000 0 879 a0 120 0 0. 10
5% Sﬁ:tr: Toluene-d8 9650 (1] 10000 ¢ g6.5 a0 120 0 0 10
s :..E .
gy -
.-.: 1 T2
- P iy
o
'Qua:]-l]‘icrs: ND - Not Detecled at the Reporting Limit S - Spike Recovery ouiside accepted cecovery limils B - Analyte delecied in the associated Methad Blank
S ;—1?; 1 - Analyte detecled helow quantitation limits R - RPD outside accepted recovery limils
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CLIENT: International Uranium (USA) Co : ; .
(USA) Corp ANALYTICAL QC SUMMARY REPORT Date: /8-Oct-01
Work Order: C01090685 .
Project: 3rd Qtr CIW Sampling - White Mesa Mill TestNeo: SW8260B
Samptsa ID: C01090773-001A SampType: MSD TesiCade: VYOC-8280-W-SHT Unlis: ugil, Piep Date: Run ID: GCMS1-C_011003C
Client ID: Batch 1D: R2481 TestNo: S\W82508 Analysis Date:  10/2/2001 SeqNo: 48753
Analyle Result PQL  SPKvalue SPKRefVal - %REC Lowlimit HighLimlt RFD RefVal %RPD RPOLImiL Qual
Chlorcform 527 5.0 50 0 ' 105 70 130 51.9 1.53 20
Sum: 1.2-chhlorobenzene-cf4 518 0 50 Q 104 80 120 0 0 10
Sum: Dibromoflucremethane 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
Surr: Toluene-d8 48.5 ] 50 0 97 ao 120 1} D 10
Sample i1D: CG1090685-009A SampType: MSD TestCode: VOG-B280-W-SHT Units: ug/L Prep Dale: Run {D: GCMS1-C_011003C
ClienlID;: WMMNMWA Baich 10: R2461 TesNo: SWa280B8 Analysis Date:  10/3/2001 SegNo: 49764
Analyte Resull PQL SPK value SPK RefVal %REC Lovdimit HighLimit RPD Ref Val %RPD RPDLImM  Qual
Chloroform 15750 1000 10000 5280 105 70 130 16180 2.68 20
Surr: 1,2-Dichtorobenzene-d4 14030 0 10000 0 100 80 120 0 0 10
Surr: Dibromofluoromethans 9850 0 16000 0 88.5 80 120 0 0 10
Surr: p-Bromofiuorobenzens 8700 0 10000 0 87.8 80 120 0 0 10
© Sum; Toluene-da 9850 0 40000 0 96.5 80 120 ] 0 10
Sample ID; €C01090685-012A SampType: MSD Tes(Code: VOC-B260-W-SHT Unills: ug/L Prep Date: Run ID: GCMS1-C_011003C
Client 1D: - Batch ID: R2461 TesINo: SW82608 . Analysis Date:  10/5/2001 SeqNo: 49771
Analyte , _ Rasult PQL  SPKvalue SPKRefVat %REC Lovdimit Hightimit RPD RefVal %RPD  RPDLmit  Qual
Chipraform 1073 50 1000 )] 107 70 130 1047 245 20
Surr: 1,2-Dichlorabenzene-d4 1001 ' 0 1000 0 100 80 128 0 0 1
i v Surr: Dibromoflucrornethane 1035 (13 1000 0 104 80 120 a 0 10
‘_sfdlr: p-Bromofiuorobenzens 870 Q 100D 0 - a7 80 120 0 ¢ 10
C, Sur Tolueneds : 861 0 1060 0 86.1 80 120 ] 0 10
Ly i
i1 f}
L)
(e
~Qual ifers: NOD - Not Detected at the Repocling Limil S - Spike Recovery outside accepled recovery limits B - Analyte detecied in the associaled Melhod Blank
,:; {‘?\ ¥ - Analyte detected below guantitation limits R - RPD outside accepled recovery limi(s
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ENERGY LABORATORIES, INC. - 2393 Satt Creck Highway (825'07} RO, Bor 3258 - Casper, Wy 82802
Toll Free 888.235.0515 + 3C . 6.0515 - Fax 307.234.1639 - casper@energylal 1 - www.energyiab.com

T AGORATORIES

LABORATORY ANALYTICAL REPORT
Client: International Uranium (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-] DateReceived: 09/25/0)
Matrix: AQUEOUS
MCL/
Analyses Result Units ©  Qual RI. QCL. Method Analysis Date / By
NON-METALS
Nitrogen, Nitrate+Nitrite as N 128 mg/l 0.50 E353.2 09/28/01 19:27 / rwk
Lab 1Dz 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, Nitrate+Nifrite as N 114 mg/L 0.50 E353.2 09/26/01 19:28 / rwk
Lab ID; C01090647-003 Collection Date: 09/20/01 10:30
Client Sample ID: WMMTW4-3 DateReceived: 09/25/01
' Matrix: AQUEOUS
MCL/
Analyses Result Units Qual RL QCL Method Analysis Date / By
NON-METALS
Nitropen, Nitrate+Nitrite as N 3.06 mg/lL 0.10 £353.2 09/26/01 19:33 / rwk
LabID: C01090647-004 Collection Date: 09/20/01 10:50
Client Sample ID: WMMTW4-4 DateReceived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Result  Units Qual RL QCL Method Analysis Date / By
NON-METALS
Nitrogen, Nitrata+Nitrite as N 148 mgiL 1.00 E353.2 05/26/01 19:39/ rwk
Report ND - Not detected at the reporting limit RL - Analyte reporting level
Definitions: MCL - Maximum contaminant level QCL - Quality control limit
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Nov-008-01 From-1UC BLANDING 801 678 2224 ‘1-556 - P.011/012 F-T25
ENERGY LABORATORIES, INC. - 2393 Saft Craek Highway (62601) - F.0. Box.3258 - Casper, WY 82G0¢
0l Freo 868.235.0515 + 30°  “5.0515 - Fax 307.234.1639 - casper@encigylak’ " - www.energylab.com
y LA5ORATORIES § ' . -
LABORATORY ANALYTICAL REPORT
Client: International Uranium (USA) Corp Lab Order: C01090647
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: WMMTW4-5 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 09/28101 19:41 / rwk
LabID: C01090647-006 Callection Date; 09/20/01 09:17
Client Sample ID: WMMTW4-6 DateReccived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
NON-METALS
Nitrogen, Nitrete+Nitrita as N ND mgfL 0.10 E353.2 09/26/01 19:43 / rwk
Lab XD: C01090647-007 _ Collection Date: 05/20/01 10:43
Client Sample XD;: WMMTW4-7 DateReceived: 09/25/01
‘ Matrix: AQUEOUS
MCL/ .
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
NON-METALS .
Nitrogen, Nitrate-+Nitrite 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: WMMTWA4-8 DateReceived: 09/25/01
Matrix: AQUEOUS
MCL/
Analyses Result  Units Qual RL QCL. Mecthod Analysis Date / By
NON-METALS _
Nitrogen, Nitrate+Nitrite as N 0.35 mg/L. 0.10 E353.2 09/26/01 18:47 / rwk

Report
Dcfinitions:

ND - Not detected at the reporting Jimit

MCL - Maximum contaminant level

RL - Analytc reporting level
QCL - Quality control limit
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ENERGY LABORATORIES, ING. - 2333 5ait Creek Highway (82601) - PO. Box 9258 - Casper, WY 85602
Toll Free 868.235.0515 - 307 - 5.0515 - Fax 507.234.1639 + casper@energylab; . « www.energylab.com

LABORATORY ANALYTICAL REPORT
Client: International Uraniutn (USA) Corp Lab Order: C01090647
Project:  3rd Quarter 2001 Sampling Event White Mesa Mill Report Date: . 10/04/01
LabID: C01090647-009 Collection Date: 05/20/01 09:33
Client Sample ID: WMMTIW4-9 DateReceived: 09/25/01
Matrix: AQUEOUS
: MCL/
Analyses Result  Units Qual RL QCL Method Analysis Date / By
NON-METALS
Nitrogen, Nirate+Nitrite as N 0.40 ma/L 0.10 £353.2 09/26/01 19:83 / twk
LabID: C01050647-010 Collection Date: 09/20/01 11:22
Client Sample YID: 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 mgfL 0.50 E363.2 09/26/01 19:55 / rwk
LabID: €01090647-011 Collection Date: 09/20/01 10:10
Client Sample ID;: WMMTW4-10 DateReceived: 09/25/01
Matrix: AQUEOUS
: MCL/
Analyses Result  Units Qual RL QCL Method Analysis Date / By
NON-METALS
- Nitrogen, Nitrate+Nitrite as N 232 mail 020 E353.2 09/26/01 20:01 / rwk
Report NI - Not detected at the reporting limit RL - Analyte reporting level
Definitions: MCL - Maxizium contaminant level QCL - Quality controi limit
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6.5
REDUCTION-OXIDATION POTENTIAL (ELECTRODE

METHOD)

Reduction-oxidation potential (as Eh): a measure of the
equilibrium 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’
[mV, mittivolty £, plus or minus; pSfcm, microsiemens per centimeter at 25 degrees Celsius]

7 Millivolt mster or pH meter with millivolt reading capability, prefarebly with automatic
tamperature compensator; 0. 1-mVY sensitivity; scale to atleast+1,400 mV; BNC conngctor
(sea instrument specifications for pH meters, 5.4.1in NFM 6.4)

v Redox slactrodes, eithar ta} platinum and reference elactrode (calomal or silvar:silver-
chloride) or (b) combination electrods

v Electrods filling solutions { nafar to manufacturer’s spacifications)

# Tharmometar {liquid-in-glass or thermistor type), calibrated (ses NFM 6.1 for
selection and calibration criteria)—for use with millivolt meta rs without tamperatun
compensator

v Flowthrough cell with valves, tublng, and accessoriss impermeable to air {for use
with pump system)

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

# ZoBelil's solution
v Agua regia or manufacturer's recommesndad slectrode-cleaning solution

/ Liguid nonphosphate laborstory-grade detergent

v Mild sbrasive: crocus cloth or 400- to 600-grit watidry Carborundum™ papear
# Delonized water {maximum conductivity of 1.0 pSfcm)

/ Bottla, squeeze dispanser for deionized wataer

¥ Sefety squipment gloves, glasses, apron, chemical spill kit

# Paper tissues, disposable, lint free

v Waste-disposal container

"Madify this list o meet specific needs of the field effort

1of3 11/08/2001 4:25 PM
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'CAUTION: The standard hydrogen refaerence 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 electrodes 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—handie 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.

11/08/2001 4:25 PM
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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 1t 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 recommended 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 Be 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).

10f5 11/08/2001 4:26 PM
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4 Table 6.5.2. Standard half-cell potentials of selected reference electrodes
as a function of temperature and potassium chloride reference-solution con-
entration, in volts '

Liguid-junction potential included—multiply volts by 1,000 to corvent to millivalts; KCl, petaséium
hleride; Temp °C, temperature in degrees Celsius; M, molar, —, value not provided in reference]

0.216 B.214

0220
15 B.216 [1 X347 b.200 - — — B.251 X K]
i 0.213 0.208 0.204 0.257 (D262 - 0.248 D.249
25 ©.200 0.2D5 D. 180 D255 D250 © 0248 D248 D.246
ap D206 0,201 0.184 0.253 D.248 b.244 B.241 D242

a5 0.202 D157 . 160 —_— — - 0.238 p.Z38
&0 [ %:: ] 6,153 X84 0.248 D.344 n.288 0,234 0.234
M adified $ra i Langmilt [1971).

EModified from Bstes (1873, )

3N reiio i [ 19775 ard DK. Nordarors, LS, Geolog il Survey, wiifen cammun., 1995; the bal-call
potenials salculsted from Nordstro mi [1877) ste moonititnded RIher than the values from Chatesw (1864
chied inthe irsir et manus] provided by the Orion Company becsuse Nordstro ms values wene developed
specitically &1t Ofon™ 55 78 mdex cléctrade Sl provide grésitr dscutacy siel precikion,

CHinn™ manuf: et recapifnends tat 1 sample soluioks with sl ionie strength exciteding 0.2

mlar Mot example, seawatkr), uae s S0 KC-sasitated Gilling s alation [us wslly supplied with the Drisn™ model
07-78 plectroded and the hal-cell petemisls shown sbowe forihe siiversilver chloride satursted KC| eference

#leettod

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
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.
« Use only the filling solution specified by the manufacturer. |

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

2 of § 11/08/2001 4:26 PM
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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.)

o 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. FromEh=emf+E,,
Eh (ZoBell's) = 238 mV + 202 mV = 440 mV.

11/08/2001 4:26 PM
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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[.faﬁon date. S i e D

Eh Data Record

Equipment Test Procedure

Equipm ent description and identificetion {model and serial and/or W num bar):

Meter
Eh alectroda Reference slectrode
ZoBell's solution: Lot# _____ Date: prepared expirad
Before sampls Eh: After sam ple Eh:
1. Tempersture of ZoBell's selution: T=

{after equilibration to embienttem perature}

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

relative to measuring aiact'rnda, et

am bient tem perature (E; ,oqumy O @M emf=

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

E gt Epat=

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

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

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 to 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: : 2
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,

1of5 11/08/2001 4:28 PM
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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.

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

¢ 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

20of 5

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 terriperature of the sample water.

3. Switch the meter to the millivolt function.

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

e Record the Vah_le and temperature (see the technical note that follows step 7. below).

« 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.

o 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 :
Field Eh Fiald Eh!

Temperature and pH of systern measured: T =
pH =

2. Time to thermmal equilibration:

Maasurament bagan at

Measurament snded at

3. Measursd potential of water system {mW): emf =

4, Referance aslectrode potential mV of ZoBell's

at sample tomperatura: Eraf =

5. Calculate sampls Eh: emf+ E
{add step 3 + stap 4: Eh =

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

The second measurerment is necessary for quality cordmol.

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

7. Quality control--Repeat the measurement.

http://water.usgs.gov/owq/FieldManual/Chapter6/6.5.3 .html

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 asymmeitrical: 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.

11/08/2001 4:28 PM
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p 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).

p 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).

p 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.

o 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, = M? , + e-) is

4of5 11/08/2001 4:28 PM
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Ehr = E° + 2.303RT/nF log (a"y0,/ @ yiur)

where:

R = gas constant;
T = temperature, in degrees kelvin;
n = number of electrons in the half-cell reaction;
F = Faraday constant; and '
@, and e’y = thermodynamic activities of the free ions M’ o
' ' and M" _and not simply the analytical concen-
trations of total M in oxidation states I and H,
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.

= Section 6.5.4
4 Return to Section 6.5.2
" 4 Return to Contents for 6.5--Reduction Oxidation Potential (Electrode Method)

4 Return to Chapter A6 Contents Page
4 Return to Field Manual Complete Contents
4 Return to Water Quality Information Pages

Maintainer: Office of Water Quality
Webversion by: Genevieve Comfort
Last Modified: 15AUGO00 imc

50f5 11/08/2001 4:28 PM



Section 6.5.4

10f2

= USGS
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Water Resources--Office of Water Quality

 This document is also available in pdf format:

Chapter 6.5.4.pdf

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; m¥, millivolts; emf, electromotive force]

Eh of ZoBell's solution
exceeds theoratical by
$HmV

Excessive drift
Erretic performance

Poor responsa when
using peired slectodas

Check meter oparation:

+ Uss shorting lesd to establish meter reading st zero mV.

» Checkfreplsce batteries.
* Check against backup meter.

Check elsctrode opamtion:

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

* Plug qusstionable refsrence slactrads irto 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 elactradesin a
potassium chloride solution, record mV, ringe off and
imm erse electrodes in ZoBsll's splution. The two mV
readings should be 0+ 5 mV. if using diffarent slec-
trodes (Ag:AgCl and Hg:HQClg), reading should be 44 +
5 m¥ for a good reference electrade,

* Polish pletinum tip with mild sbrasive {crocus cloth,
hard erasar, or a 4 00-800-grit wetiiry Carborundum™
paper), rinse thoroughly with deicnized water. Uss a
Kimwipe™ if these abresives are not svailable.

» Drain and refill reference electrolyte chambar.

* Disconnect reference electrode, Drain and refill electro-
lyte chambar with correct filling solution. Wipe off
connectera on electrode and m eter. Use backup
slectrode to checkthe emf

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

* Recondition electrede by claaning with aque regis and
renewinyg filling solution—ithis is a last resort.

11/08/2001 4:28 PM
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Water Resources--Office of Water Quality

This document is also available in pdf format:

T§) Chapter 6.5.5. pdf

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.

= Chapter 6.6 Contents
4 Return to Section 6.5.4

4+ Return to Contents for 6.5--Reduction Oxidation Potential (Electrode Method

4 Return to Chapter A6 Contents Page

4 Return to Field Manual Complete Contents
4 Return to Water Quality Information Pages

Maintainer: Ofﬁce of Water Quality
Webversion by: Genevieve Comfort
Last Modified: 16JUNE98 ghc
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i}

@

3
%
{5)

)
M
@)
9

(10)
(1
(12}

(13
(14}

(18)

(18)

Responae tima Is the time 1equired for 8 measuramant to accomplish 95% of a step-chasnge In only that meesurement. For nstance, ¥ the temperatars chengad sudeanly from 25*C to 36°C, lemperature’s time respcnse would
be the time raqulred for the reading to chang# to 95% {35-26)+ 26= 34.5°C,

Stabitity l9 2 muitiprobe’s abfity Lo read within s sccuracy spacifications in the same stendard usad fox callbrallon. Cartaln siations cen adversely affect stabliity, For exemple, & referance electroce soakad for a month in very
low Specific Conductanos walsr cannet cealnarily be expected o produce accsrate pH (or Redex of ISE) readings. Similerly. a DO prcbe coverad wih active algas Is not likely 1o produce accurate DO readings. Tha stabilily
spacifications ere besed on an analysls of the sensor alectronkes and net on direct tzaling, because of the d_rfﬂculty In applying such @ test 10 spacific field conditions,

Hydrolab's standard thermistor provides & 0,15°C accuracy worst cass ard + 0, 0°C using 55% Certainty (most probable srror) method for calculating Bccuracy. This seans thel more than 85 out of 100 multiprobes will meet
the < 0.10°C specification. )

Tha four rarges {0 1o 0,1988, 0.2%0 1.5, 1.5 10 15, and 15 to 100 mS;om) are charged sutomatically {autoranged) to proviie the rast digits avellable. '
The 4 dighh resciution tor Specific Conduclerce depends on viich of tha four automalically selscted ranges &re In uss. For mstance, a reeding of 0,13 mSice wout be displayed es .1300; resoluton would be ten thousandths

of mSiem. A Spacific Conductanoe ef §0.157 mSfem would bs clapleyed as 10.46; rescluten youid be Lo hundredihs of mSfcm, if the optonal oulpul, pSicm, Is chossn, the resclulion for Specific Conductance over 2988
uSiam will be four digits, #dih @ zaro added as the I;sl (ffih) digh. .

Tha Tamperature compaensation for Specific Consuclanca ¢an be disabled sssily If raw” Conductivity reedings are neaded.
The Selinly accuracy Is enhanced when tha systam's callbraied for Salinity (instesd of Spacific Conduciarca) near e expected fleld values.
Although the mullprobe will measure the full © 19 14 unit pH range, ik (s nos recomenanded that the sensors be exposed 1o pH extremes outside the 2 to 12 unitrange,

The pH accuraey Is vaiid for watars of Specific Condustance giaater than 0.2 mSiem, when using Hydrolab's standaed, rebulldable reference eleclcods. Tris aocuracy can be ordinailly met in very fresh vialers (Specific

Conductance less ihan 0.2 mS/em) I you use Hydrolab's eptional LISREF {'ow lonks strength) teferance eecirode and fallow very perticular maintenance and calitration srocedures. Tha LISREF reference etectroda Is rol
refilgile,

When operated 1 lemperature of calitration and callbealed with turbid ree water and a Formezin stendard of 75% of renge. Typlcal lamperature coefficient is —0.25 NTIVC",

Response Uims i less than ten seconds with averaging disebved, but reguires thity saconds afier powar-up. The mexirun moving average 4me ls &0 veconds for a worst case response Lime of 80 seconds from power-up.

Turbidity measutement Is divided inlo twa ranges: 0 (0 100 and 100 to 1000 NTU. Readings are more acsurate in the rangs In which calibration i made, a8 shown in the chart below. The chast also showes the readings are
more accurale when made at the temparzstura of calibration,

% renge on % rang® on
cel range non-csl range
at cal tamnp +5 10
nol at cal temp 110 15

The Redox accuracy refers to frus slaciroda voilage. Aclual readings ate sublect to slow elactrode equillbration mes and urcertainty in measurerment theory and callbration. A typicel as-measured gccuracy might be 2 SOmY,
Aosuracy Is alded In very frash waters (Specific Conductance |9 1est then 0.2 mSicm) by Hydrolab's optional LISREF referance electrods (see footnota g

A transfer standarg is a calibratlen solulion or stendard graded by ensther measurement method, such as chemical tiration {e.g. Winider). In the casa of Redox, 8 transfer stendard sight be a selution messured ty a truslec
laboratoey pH-my meter. For many purposes, it Is na! necescary (o callbeate Redox at all,

The time required for a Redox sensor \0 respand to a step-change In Redox in highly veriabla ard depends on the condilien of the suifece of the Hlatinum sfectrods and on Whe direction of the step-chenge. Because response
Ume s litte affacted by nor-Redox sensar liems, such as stectronic desgn or the effects of other sensors, the respansa time of Hydrolab's Redox sensor s vlitually the same as thal of other Redax-measutement instrumenrnts.

Typlcal Accusacy, Ammonium: £ 5% of reading, of & 2 mg/-N, whizhever Ia grealer, Minimvam Accuracy: & 10% of reading. of £ 2 mgiL-N, whichever is greater. Both accuracy specifications ere st tempsraturs of callbeation
with no interfering fons. Interfaring lons artificially increase the ammenium reeding as follows:

inatfering 4 mg/L-N
lon Interferance
K+ 13mg/L
L N+ 1,300 mp
Updated /2001 ‘ Page 3
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Qualifications for Serles 4a Specifications {continued) Hydrolab Technical Note 204

Typu:ﬂ Accuracy, Ammonla: + 27% of teading, or 4 2 mgiL-N, whichavar is greaisr. Minlmum Aocuracy: £ 70% of reading, or + 2 mg/L.-N, whichever I8 greater. Ammenia ks cakasated from the sensoc’s ammenium oulput
according [o pH, and tha Inherent uncerainty In pH is 3.2 urits, which waans an unsenalnty In ammonla of + 80% when mathematically converied from ammonjum (@ emmonis. Both accuracy spedﬂcabons are el temperature

. af calibretion with no Interfadng hm and pH lass than 10. Intarfenna lans artificially increase the ammanium raading and hance e ammon'a resding,

Typlcal Mcur&w. Nitrate * 6% cf raading, or £ 2 mg/L-N, whichever 1§ greates, Minimum Accuracy; & 10% of reading, of £ 2 mgiL-N, whichaver ts greatsr. Both accuracy specifications are at ternperaturs of calibeation with ne
interfering ions. interering lons cen ariificlelly increase tha nitrete 1eeding as follows:

Intartaring 1 mg/L-N
fon inteiference
CIQy 0.0071 mgit.
) 0.45 mg/L
CN 28 mglk
ar 30,7 mglL
NOs 23 mgll
H8" 23 mglL
HC(E 433 mgil
C| Bﬂnm
Cl 765 mal.

Typical Accuracy, Chlorkde & 5% cf reading, or & 2mgh., whichever is grester. Minimum Accuracy: £ 10% of reading or £ 2 mgiL, wiichevar la greater, Both socuracy specifications are at tempearatwe of callbration with no
Intsrfeding Tons and pH tess than 12.4. Interfering lons can artificially Increase the chicride reading es follows:

lmedertng_ t mg/lL

len Interferanca

cN 1.6 x 10-6 mgl

r 16 % 106 mg/L

st 9.0x 10-8 M.

Br 8.7 x D2 mpfL J

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

Reading Rasalution
0.00 to 89.89 mgil. 0.0t mg/L,
100.0 to 889.8 mgL 0.t mgil
1,000 1o 18,000 mgiL. 1mglL

The 85% responss changs to a chanps In total dissolvad gas peowe tass than 180 seconds at ~1'C,

Typlnatlvxmracy Is£ %6 of teading, or £ 1 ymel & m?, wnichevar Is graster, I Inlmum Bocuracy: 2 10% of rudlng or £ 2 ymal 5 m2, whichever is greater. Manufecturer recommends factory sansor recaiibration at lsest one
every fwo years.

it Is important ko ncta thet the fluarescent yield ebserved In the natural environment can deviats widely over varying condltens. Glven this, the Rhodamine stendard shokld not be directly compared to chiorephytl, The standarc
i3 used In tuning of fuoromelers B8 a refarence, not es a cafiurelion. We encourage cur users to parfonn filed calibeations bn the locels of thelr sampling If they are intsresiad In more than relative Ueads.

Ths 10m Depth sccuracy Is the 95% Certainty {most probabie error] accuracy. based on the worsi-case ertors such as drifl, temperature compensailon, tiC error, ete. The 10m Depth fransducer Is atmospherically vented to
ellminats the very largs ecrors possible from barometric predsure shits causad, for Instance, by changing waather),

Updated /2001 ' , Page 4
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Qualifications for Series 4a Specifications {continued) Hydrolab Technical Note 204

The Depth reedings ere oompematad for Sallrity {that Is, water denslty} sb {had readings are accurets \'-imhar mace in frash or salt walers.
The 26m, 100, and 200m Dapth accurecy are the 95% Certalnty {most prebable arver} socuracy, based on the worst-casa erors such as drift, tamparatura compansation, titt errer, e'c. Ths socuracy raquires that the user -
employ atmosphesic coraction If changes In barometric prassure arato be consldered. The accuracy is much batter In sliuations were 1smperaturs changes are sma'i and changes [n Depth, rather than the exach Depth, ate of
primary intarast, i _
Sallnlly Ls caloulated from conductivity and tempatature based on USGS WS Papes 2511 or Section 2523 of Standard Metheds for the Examination of Waiss and Wastewater. The Stendard Methods function Is alsd commonly
referred to as the Prectical Salintly Scale o UNESCO Methad,

Heed Offica:

Hydrolab Corporation

8700 Camercn Rd. #100

Austin, TX 78764 USA

Phone: {B00) $49-3766 or {512) §32-8832
Feo: {612) 832-8838

Emall; ﬂi!ﬁﬁ@h!ﬂ.&'ih.mm

bliovwww hydrglah cam

_Inthe Irfgrest of Improving and updeting s equipeend, Hydrolab reserves the right to alter specifications o equipraent al any time, Hydrolab Cop® 2001

Undated 9/2001 | Page s
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Serles 4a DataSonde® 4a & MIniSonde®4a & Surveyor” 4a Display

Parameter Specifications

PARAMETER RANGE ACCURACY | RESOLUTION { SENSOR | COMPENSATIONS | CALIBRATION | RESPONSE | gpapyipy |  OUTPUT
TIME OPTIONS
TEMPERATURE " | $1050°C £0.00'C" 0.01°C the mistor none required - none requited < 1 minuts \hree years °C. "F.or K
0.0C00 10 0.1696 mSfem .
0.200 lo 1.500 mSfem £ 1% ol reading 0.25" x 1" oval bere KCl o olher mSlcm, pSiam,
SPECIFIC .45 t0 15,00 mSlem +1 pount 4cighs* witn four graphite | atometic to 26°C° stendard <10 secands six months conductivity, TDS,
CONDUCTANCE 24.5 to 400.0mifem £ 4Stom elocirudes - ' o¢ reslstivily
autoranged) .
o)
: Iculatad from M &p. -
’ % 1% of reading cd calibrate directty
SALINITY Olo 70 PSS $001 PSS 0.01 PSS :::ddtlanca nene {aquired vth sallnlty < 10 ssconds one month pPss
siandards
. rabulidable water-saturated alr, mel., %
CISSOLVED +0,2 mgiL. {<20) polaropraphio; 1 s | Buiomats for Vinider, or al- ) saturation, e
OXYGEN 0o 80 mgll. $08mgn 20y | 901 mall Fefionts epesaiure nd soturated wales | < - Minle one manth mplL vitheut
mambrane Y salintty correction
glass pH;
|
pH Ota 14 uris* £02units® 0.01 unit o o ' g ety | <4 ainutn anemorth | pH urits
refarance elatrode : )
Ry e e
DiTY 01 100NTU e 0.4 NTU | ith diludens
{Datzsonde 4a D0 {300 NTU t28%otrarge | Sy ?ﬁﬁﬁi‘i&"&?&ﬁ‘. ?mgc amblent Mt ) Fomazin or AEPA- | < 10 ssconds” | ane mantn NTU orvolis
oniy} {user solectable} switar {US Patant 1 potymer beads
. #6,111,249}
NoA- 010 100 NTU 0.4 NTU
SHUTTERED . ' must be operated al dilutlons of
TURBIDITY 100140 1000 NTU t5%otrange® | VNV IS0 7027-based depth >1°r‘:§r shialded Forrno:ﬂsn o AEPA- | <1minute
& ’ : . one manth NTU
{Datagonde 48 {autoranged) nephelometet trom sunlight 1 polymar beads
and Minisonde 4a)
. Quinbydrons,
REDOX -390 10869 m¥ +20 my™ 1V Pl electrode rone required Zobell LGNS0 | yasieg® one morth | mv
activity cdt»;ﬂlclan;tml41
cempuied from 8 c 1 2-,3, or4-poinl
ANMMONIUW greaier of + 5% of onspeciic cenductance; and callbretion with mgfl-N, mV, or
AMMONIA 010 100 mgiL-N reading or _ 0.01 mgt-N electroda pmmenla dedved fom | Hydrolab of uses- | <1 minuts ore month mg/L-N of iotal
2 2 mph-N : ammonium produced NH'>
. pesature, pH, an Brds
temn| H, and sland
J_speu‘ﬂc contuctance
Updated 92001 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 | SESRONSE | gragimy’ ] ONToNS
2, &, of &poini '
greates of £ 5% of A activity coefficient callbration with
NITRATE 010 100 mp/L-N teating of 01 mpA-N alactrpudo compLted from spacific | Hydroleb oruses- | <1 minute one month mgiLN or my
+ 2 mpfl-| conducience : produced :
sMandards
) 2-, 3-, ot &-point
greaterof = 6% of jor3paciic eclhity cosfficlent catibmienwith »1 year vith
CHLORIDE 0.5 to 18,000 mgil. tendingor 4digts ™ elactods commied (om specfic | Hydrokab or user- <\ minute occasional mpil. or my
: 1. & 2 mglL-NY condustance produced polish
slandards
TOTAL 400 to 1300 mmHg - membrane-povered
(max Immarsion depfh: 30 £ 01% of span 0.1 menbp pressure rone required satin ale <3 minytes™ ore menth memHgmV, or PSI
DISSOLVED GAS 1 [ traneducar :
+ 5% of raading rajection of amblent
&'1%’;“ LIGHT 00 10,000 1 mal 5 m* :rpml B 1 pmed a''m? phatovoltele ced %rg o:glde Jh%w none required < 10 seconds two years'! 1 umol 8”'m?
- nm band:
dilutions af
e
CHLOROPHYLL | 0.0310 150 ugiL : gn';' 3‘,}_‘5""“ 0.1 pgh fluorometric none taquired caSbrelion cubs) <10 secords one month wgil or volts
) with user
coelelion to fieyd
samples
DEPTWO-10?Tm“ owm 2003 m® 0001 m zﬁm‘m: aulomaticfor saiinlty | setzesoinalr <10 saconds ong month m, & or P81
DEPT“mﬁEmM 0% m 10,08 m®* 0.0 m m‘;gggf stomatlc for sallnty®* | selzero In elr <10seconds - | one month m, f, or PSI
DEPTH/C1 DOMM 0 100m £ 0,8 me* 0.4 m mdfraj: autorratic foe selinty® | set zero Inair < 10 sesonds one month m. ft, of P8I
I}EPTHJ&ZO!)hlm1 0to 200m 08 m™ aim ?ﬁﬁf automatie for sainib™ | setze:o i alr < 10 s8conds one month m, ¢, or P&
BAROMETRIC | : | mmHg, (nHg,
PRESSURE $00 1o 850 menHp % {0Ommtlp 0.1 mmHg mﬁ: nore required et in air < 10 seconds s manths KPA, mbar, Atm,
orP8l J

Note: Theao spacificatons apply over the opsraliyg temperature range ¢f =6 to 50°C (mn-m;zlng). ard avar the operating voltage range of 8 10 16VDC, foe wedl malntalned

sensors In cleen, unchanging watets, Thete are many slisations, such as blofoullng, that will nagete axtrapoletion of these'spactfications to fleld conditions.
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1. INTRODUCTION

This report describes the installation, development, and testing of eight new perched zone
groundwater monitofing wells and three new temporary perched zone wells at the White Mesa
Uranium Mill site during April through June, 2005. Work during this time also included installation
of a replacement (MW-3A) for well MW-3. The positioning of the new wells and the well
installation procedures were generally based on the work plan submitted by International Uranium
(USA) Corporation (IUSA) (IUSA, 2005). Figure 1 is a map showing the approximate locations of
the new wells. MW-3A, located approximately 10 feet south of MW-3, is not shown because of its

close proximity to MW-3.

Six of the borings were core drilled, and all borings were video logged prior to casing
installation. After completion, wells were developed by surging and bailing. Existing wells TW4-15
(now designated as MW-26) and TW4-17 (now designated as MW-32) were also developed at this

time.

Hydraulic testing consisted of slug tests and was performed on existing well TW4-17 (now
designated as MW-32), and all new wells (except MW-24 due to insufficient water in the well)
during the week of June 13,2005. Data were analyzed to estimate perched zone hydraulic properties
in the vicinity of each new well. Slug testing and analysis procedures were similar to those used in

previous testing at the site during July 2002 as described in Hydro Geo Chem, Inc. (HGC), 2002.
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2. WELL INSTALLATION

All drilling and well construction activities were performed by Bayles Exploration. Mr.
Lawrence Casebolt, under contract to IUSA, provided drilling, well construction, and development
oversight and was responsible for lithologic logging of all borings. Mr. Stewart Smith of HGC
provided additional oversight during the drilling phase, and Mr. Dean Henderson of the Utah
Department of Environmental Quality (UDEQ) was present during a portion of the drilling (the week
of June 13). Matt and Janice Johnson, of Widdison Turbine Company under contract to TUSA,
performed the video logging of all borings just prior to casing installation. The construction of all
wells except TW4-21 and MW-3A was similar to that of temporary wells TW4-15, TW4-16, and
TW4-17 as described in HGC (2002), with one exception: 10-20 Colorado Silica Sand was used as
afilter pack instead of pea gravel. Figures 2 through 13 are well construction schematics for the new
wells based on diagrams provided by Mr. Casebolt. The static water levels shown in the construction

schematics were those measured at the time of installation.

2.1 Drilling Methods

All wells were installed by air rotary using water and/or foam when needed to maintain
circulation. A 12 3/4-inch-diameter tricone bit was used to drill a boring of sufficient diameter to
install an 8-inch-diameter, schedule-40 polyvinyl chloride (PVC) surface casing. This surface casing
extended to a depth of approximately 49 feet below land surface (ft bls) in all installations except
Perched Monitoring Well Installation and Testing
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TW4-21 and MW-3A, where the surface casing extended only approximately 9 ft bls. All surface
casings were grouted in place using portland cement prior to drilling (or reaming) to the total depth

(TD).

Borings were advanced to TD using a 6 3/4-inch-diameter tricone bit, or cored using a
20-foot long, 2-inch inside diameter core barrel, then reamed with the 6 3/4-inch tricone bit. Except
at MW-3A, coring generally began near the top of the Dakota Sandstone, encountered at depths of
approximately 13 to 42 ft bls. The large diameter (12 3/4-inch) boring was initially advanced to a
depth just below the contact, coring to TD performed, then the large diameter boring was advanced
(if needed) to approximately 50 ft bls. The surface casing was then installed, followed by reaming
to TD using the 6 3/4-inch tricone bit. Borings MW-23, MW-24, MW-28, and TW4-22 were
continuously cored to TD starting at depths between 20 and 50 ft bls. MW-3A was cored between

70 ft bls and TD, and MW-30 from 20 to 60 ft bls.

All drill cuttings were logged at 2 1/2-foot depth intervals and samples were collected in
labeled, self-sealing, plastic bags and labeled, plastic, cuttings storage boxes. The core was logged
then stored in labeled, cardboard core boxes. Copies of lithdlogic logs, core logs, and photographs

of the core submitted by Mr. Casebolt are provided in Appendix A.

Fluids and cuttings brought to the surface during drilling were routed to pits excavated for
that purpose adjacent to the borings. In general, air was used as a drilling fluid until poor cuttings
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retrieval necessitated the use of water and/or foam.

All borings were advanced into the Brushy Basin member of the Morrison Formation. In
general, if a boring was drilled more than a few feet into the Brushy Basin, it was backfilled with

cuttings and/or bentonite to a depth just below the contact prior to well casing installation.

2.2 Video Logging

Video logging was performed by Widdison Turbine Co. between April 19 and

April 22, 2005. Video logs are available from TUSA’s corporate offices.

2.3 Well Construction

All wells were constructed using 4-inch-diameter, schedule-40, flush-threaded PVC casing
and 0.02-slot, factory-slotted PVC screen. Screened sections extendedr from just below the Brushy
Basin contact to a depth above the static water level in the borings. 10-20 Colorado Silica Sand was
used as a filter pack and installed to a depth of 3 to 5 feet above the screened interval. The annular

space above the filter pack was then sealed with 3 to 5 feet of bentonite and grouted to the surface

using portland cement.
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2.4 Well Development

All new perched monitoring wells and existing wells TW4-15 (now MW-26) and TW4-17
(now MW-32) were developed by surging and bailing under the supervision of TUSA personnel
and/or Mr. Casebolt. Mr. Stewart Smith, of HGC, and Mr. Dean Henderson, of UDEQ, were onsite
during development of TW4-15 and TW4-17. Wells were surged using a vented, 4-inch-diameter
surge block and then bailed. Bailing was conducted with a 3—inch—diameter—by—20—foot bailer having
a maximum capacity of approximately 7.5 gallons. The time spent surging and bailing each of the
wells was based in part on the length of the water column in the well. Wells MW-23, MW-24, and
MW-3A could not be surged or bailed due to insufficient water levels. Details of the well

development procedures and results are provided in a separate report submitted by TUSA.
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3. HYDRAULIC TESTING

HGC personnel conducted hydraulic testing during the week of June 13, 2005. The
hydraulic tests consisted of slug tests performed in the same manner as described in HGC (2002).
Hydraulic tests were attempted at all new perched well installations (except MW-3A) and atexisting
well TW4-17 (now MW-26). MW-24 was not tested due to insufficient water in the well. The
purpose of the tests was to estimate hydraulic parameters (primarily hydraulic conductivity) in the
vicinity of each new well. The same slugs and electric water level meter were used in both the
current testing event and the July 2002 testing event. The only difference between equipment used
in the current and previous testing was that submersible Mini-Troll™ pressure transducers and data
loggers were used in the current tests instead of the Geo Kon™ equipment used during the July 2002

fests.

3.1 Data Collection

Two slugs consisting of sealed, pea-gravel-filled, schedule-80 PVC pipe, one approximately
3 feet long, and one approximately 4 feet long, as described in HGC (2002), were used for the tests.
The 3-foot slug had a larger diameter and displaced approximately 0.75 gallons of water. The 4-foot
slug had a smaller diameter and displaced approximately 0.47 gallons. Typically, the 3-foot,
0.75-gallon displacement slug was used. If a test used the 3-foot slug and was slow due to low
permeability conditions, a concurrent test was started in the next well using the 4-foot, 0.47-gallon
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slug. Two Mini-Troll™ data loggers were available to allow two wells to be tested simultaneously.

In all cases, water level data were collected automatically using a Mini-Troll™ data logger
and by hand using the electric water level meter. Automatically logged data were collected at
3-second intervals. Hand-collected data were obtained more frequently in the first few minutes of
each test when water levels were changing fapidly, then more slowly as the rate of water level change

diminished.

Prior to each test, the static water level in each well was measured by hand using the Mini-
Troll™ electric water level meter. The meter was then lowered to a depth of approximately 8 to 10
feet below the static water level, and pressure readings were allowed to stabilize for several minutes
prior to beginning a test. The slug and electric water level meter sensor were then suspended in the
well just above the static water level. Each test commenced by lowering the slug to a depth of
approximately 2 feet below the static water level over a period of a few seconds and taking water
level readings by hand as soon as possible afterwards. Upon completion, equipment pulled from
each well was rinsed with clean water prior to its use in the next test. Automatically logged data
were checked, backed up on the hard drive of a personal computer, and then saved to a floppy disk

prior to conducting the next test.
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3.2 Data Analysis

Data were analyzed using Aqtesolv™ (HydroSOLVE, 2000), a computer program developed
and marketed by HydroSOLVE, Inc. In preparing the automatically logged data for analysis, the
total number of records was reduced. In general, all data collected in the first 30 seconds were
retained, then every 2nd, then 3rd, then 4th, etc. record was retained for analysis. For example, if
the first 10 records were retained (30 seconds of data at 3-second intervals), the next records to be
retained would be the 12th, the 15th, the 19th, the 24th, etc. Displacements were calculated based
on the maximum water level recorded by the Mini-Troll™ after lowering the slug into the well. In
general, the maximum measured rise in water levels was about what would be expected considering
the slug volume, the volume in the 4-inch-diameter casing, and the volume in the annular space
between the casing and the 6 3/4-inch-diameter bore. Assuming a 30% effective porosity for the
filter pack, the expected rise in water level is approximately 1 foot per gallon. The maximum
expected rise for the 3-foot, 0.75-gallon slug is therefore about 0.75 feet, and for the 4-foot,

0.47-gallon slug, is about 0.47 feet.

Data were analyzed using two solution methods: the KGS unconfined method (Hyder et al.,
1994) and the Bouwer-Rice unconfined method (Bouwer and Rice, 1976). When filter pack
porosities were required by the analytical method, a value of 30% was used. The saturated thickness
was taken to be the difference between the static water level measured just prior to the test and the
depth to the Brushy Basin contact as defined in the drilling logs. In all cases, because the static water
Perched Monitoring Well Installation and Testing
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level was below the top of the screened interval, the saturated thickness was also the effective screen

length. Therefore, no corrections for partial penetration were required.

Barometric pressure was recorded throughout each test using a BaroTroll™ pressure
transducer and logger. In all cases, except at MW-23, the test duration was short enough that the
mmpact of changing barometric pressure could be ignored. However, a second test at MW-23
(labeled MW-23b), conducted overnight, required correction. The factor for correcting changes in
water levels based on changes in barometric pressure was estimated via a trial-and-error approach.
Assuming that changes in water levels were -60% of changes in barometric pressure seemed to
provide the best correction, allowing interpretation of more of the data. Furthermore, good
agreement exists between hydraulic conductivity estimates made by different solution methods when
using this correction. The interpretation is complicated at this location by the extremely low
hydraulic conductivity, the consequent small rate of change in water levels during the test, and by
the likelihood that the relationship between changes in water level and changes in barometric

pressure was not constant over the test.

The behavior of water levels at this location in relation to changes in barometric pressure is
consistent with the discussion in HGC, 2004a. Water level changes in the perched wells are
impacted by instantaneous transmission of barometric pressure changes down the well casings and
delayed (lagged and attenuated) transmission of pressure changes to the water table at locations
remote from the wells. The lag and attenuation at remote locations result from vertically downward
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propagation of pressure changes through the low permeability vadose materials.

The KGS solution allows estimation of both specific storage and hydraulic conductivity,
while the Bouwer-Rice solution allows estimation of only the hydraulic conductivity. The Bouwer-
Rice solution is valid only for the straight-line portion of the data that results when the log of
displacement is plotted against time. Typically, only the later-time data are interpretable. The KGS
solution generally allows a fit to both early and late time data, and is sensitive to storage. Both
solutions were used for comparison. Automatically logged and hand-collected data were analyzed
separately using both solution methods. The hand-collected data, therefore, served as an independent

data set and a check on the accuracy of the automatically logged data.

3.3 Results

The results of the analyses are provided in Table 1 and Appendix B. Appendix B contains
plots generated by Agtesolve™ that show the quality of fit between measured and simulated results,
and reproduce the parameters used in each solution. Estimates of hydraulic conductivity range from
3.2x10% t0 1.9 x 10 centimeters per second (crv/s). The value of 3.2 x 10" cm/s estimated for the
first of two tests at MW-23 using the KGS solution is lower than any value previously estimated for
the perched zone. Except for the low hydraulic conductivity estimates at MW-23, values are within

the range previously measured at the site.
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In general, the agreement between hydraulic conductivities estimated from the KGS and
Bouwer-Rice solutions is good, and values agree within a factor of 2 except at TW4-21, where the
estimates differed by a factor of about 5, and at the first test at MW-23, where the estimates differed

“by more than an order of magnitude. The KGS and Bouwer-Rice estimafes for the second test at
MW-23 ( labeled MW-23b), however, were within 10%, suggesting that these are more reliable,

although the data needed to be corrected for barometric pressure variation.

The agreement between estimates obtained from automatically logged and hand-collected
data is also good. In all cases, the estimates based on automatically logged and hand-collected data
using the KGS solution are within a factor of 2, and in all but three cases, are either identical or
within 10% of one another. Estimates obtained from automatically logged and hand-collected data
using the Bouwer-Rice solution are also close: identical or within approximately 25% in all cases
except at TW4-21, where the estimates differ by a factor between 3 and 4. Late-time noise in the
automatically logged data at TW4-21 did, however, make interpretation difficult using the Bouwer-

Rice solution.
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4. SITE HYDROGEOLOGY

The site hydrogeology is described in detail in Titan (1994). Updated descriptions of the
perched zone hydrogeology based on work performed since Titan (1994), are provided in HGC
(2003) and HGC (2004a). HGC (2004a) compares the hydrogeology of the perched zone in the
vicinity of the chloroform investigation with downgradient areas. The results of the installation and
testing of wells described in this report add detail to the hydrogeologic understanding of the perched

zone, but do not fundamentally change the hydrogeologic interpretation of the site.

As indicated in the drilling logs, the Dakota and Burro Canyon formations, which host the
perched water beneath the site, typically consist of very fine to coarse-grained, variably cemented
quartz sandstone, with local layers and lenses of conglomerate, siltstone, shale, and claystone. The
lithology of the new borings is generally similar to previous site borings, with no striking

dissimilarities evident.

Except for the exceptionally low hydraulic conductivity of 3.2 x 10® cr/s estimated from
the first slug test at MW-23 using the KGS solution, hydraulic conductivity estimates from the new
wells are within the range previously reported for the site. In general (except for MW-23), the
hydraulic conductivities estimated at the new wells are intermediate within the previously reported
range. Perched zone h3.ldraulic conductivities are highest in the area immediately northeast
(upgradient) of Tailings Cell #2, and lowest in the areas south and southwest (downgradient) of the
Perched Monitoring Well Installation and Testing
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tailings cells.

Figure 14 is a contour mép of the upper surface of the Brushy Basin member of the Morrison
Formation that includes data from the new wells. The upper surface of the Brushy Basin forms the
base of the perched zone at the site. Ordinary linear kriging with a linear variogram was used to grid
the raw data. Although additional detail is provided in the vicinity of the tailings cells by the new
borings, the surface still shows a general dip to the south-southwest beneath the tailings cells.
Possible paleo-ridge and channel features trending generally northeast-southwest, subparallel to the
general dip, are evident in the contoured data. The depth to the Brushy Basin contact in the vicinity
of MW-3, as deﬁned'by MW-3A, is 92.5 ft bls. This depth is between the reported TD of MW-3

(96 ft bls) and the bottom of the screened interval (87 ft bls).

Figure 15 is a contour map of second quarter 2005 perched water level data, including data
from the new wells. This map was also generated by gridding the raw data using ordinary linear
kriging with a linear variogram. The general direction of perched water flow inferred from the water
level contours is to the southwest beneath the tailings cells. The general direction of groundwater
flow and average magnitude of the hydraulic gradient are similar to previously reported values.
Additional detail regarding local hydraulic gradients beneath the tailings cells is provided by the new

installations.

Table 2 calculates the average perched water pore (interstitial) velocities in the vicinities of
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the new wells and MW-32 based on hydraulic conductivity estimates and the estimated hydraulic
gradients shown on Figure 16. Hydraulic conductivities shown in Table 2 are averages of estimates
shown in Table 1. An effective porosity of 18% was used in the calculations. The heavy black lines
inFigure 16 indicate the positions and lengths over which the perched zone hydraulic gradients were

e calculated. The method of calculation is substantially the same as described in HGC, 2004b.

As indicated, the calculated interstitial velocities range from 0.010 feet per year (ft/yr) at
MW-23 to 49.5 ft/yr at TW4-21. Calculated velocities at MW-25, MW-30, TW4-20, TW4-21, and
TW4-22 are greater than 10 ft/yr; velocities at MW -27, MW-29, MW-31, and MW-32 are between

1 and 10 ft/yr; and velocities at MW-23 and MW-28 are less than 1 ft/yr.
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5. CONCLUSIONS

Data collected from new wells installed, developed, and tested between April and June 2005
provide additional detail regarding the perched zone hydrogeology at the site. The lithology of the
new borings is similar to that of previous borings. Hydraulic conductivity estimates based on slug
tests at the new wells range from 3.2 x 10 cm/s to 1.9 x 10* cm/s. The value of 3.2 x 108 cm/s,
based on the first of two tests conducted at MW-23 and obtained using the KGS solution, is lower
than any previously reported value for the perched zone. Except for estimatesl obtained at MW-23,
the range of hydraulic conductivities estimated for the new wells is generally intermediate in the
range of values previously reported for the site. Perched zone hydraulic conductivities are highest
in the area immediately northeast (upgradient) of Tailings Cell #2, and lowest in the areas south and

southwest (downgradient) of the tailings cells.

Data from the new borings has provided additional detail regarding the elevation of the
Brushy Basin contact and hydraulic gradients beneath the tailings cells. However, the general

interpretation of perched zone hydrogeology has not fundamentally changed based on the new data.

Perched water pore (interstitial) velocities in the vicinities of the new wells and MW-32 are
calculated to range from 0.010 ft/yr at MW-23 to 49.5 ft/yr at TW4-21. Calculated velocities at

MW-25, MW-30, TW4-20, TW4-21, and TW4-22 are greater than 10 ft/yr; velocities at MW-27,
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MW-29, MW-31, and MW-32 are between 1 and 10 ft/yr; and velocities at MW-23 and MW-28 are

less than 1 ft/yr.

Well development efforts (detailed in a separate TUSA report) resulted in clean water with
no visible sediment at all new installations having sufficient water for development to be performed.
Development efforts at existing wells MW-26 (TW4-15) and MW-32 (TW4-17), installed in 2002,
did not result in sediment-free water. Sediment in these wells is believed to result from fines present

in the perched water in those areas, that passes directly through the filter pack and well screens.
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6. LIMITATIONS

The opinions and recommendations presented in this report are based upon the scope of
services and information obtained through the performance of the services, as agreed upon by HGC
and the party for whom this report was originally prepared. Results of any investigations, tests, or
findings presented in this report apply solely to conditions existing at the time HGC’s investigative
work was performed and are inherently based on and limited to the available data and the extent of
the investigation activities. No representation, warranty, or guarantee, express or implied, is
intended or given. HGC makes no representation as to the accuracy or completeness of any
information provided by other parties not under contract to HGC to the extent that HGC relied upon
that information. This report is expressly for the sole and exclusive use of the party for whom this
report was originally prepared and for the particular purpose that it was intended. Reuse of this
report, or any portion thereof, for other than its intended purpose, or if modified, or if used by third

parties, shall be at the sole risk of the user.
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TABLE 1

Slug Test Results

Automitically Logged Data

Hand Collected Data

e
i

|

b
[

Bouwer-Rice = Unconfined Bouwer-Rice solution method in Agtesolv™

cm/s = Centimeters per second
ft = Feet

K = hydraulic conductivity
KGS = Unconfined KGS solution method in Agtesolv™
Ss= specific storage
NI= Not interpretable due to insufficient sensitivity.

H:\718000\Reports\Perched Monitor Well Tables: Table 1

KGS Bouwer-Rice KGS Bouwer-Rice
Test Saturated K Ss K K Ss K
Thickness | (cm/s) (1/ft) (cm/s) (cm/s) (1/t) (cm/s)
MW-23 12 3.2x10%| 1x 10 1.6 x 10° NI NI NI
MW-23b 12 2.3x107}2.3x10°| 25x107 NI NI 2.0x 107
MW-25 33 1.1x10" | 3.0x10*] 7.4x10° |1.7x10*]2.0x10*| 1.0x10™
Mw-27 36 82x10°]5.3x10*] 36x10° |1.4x10*]8.7x10°] 3.1x10°
MW-28 23 1.7x10%}2.0x10%] 1.7x10% | 1.7x10%}2.0x10%| 2.0x10°
MW-29 18 1.1x10* ] 1.9x10*] 9.3x10° J1.3x10*]2.1x10*] 1.0x10*
MW-30 24 1.0x10*] 2.9x10*] 6.4x10° }1.1x10*]1.4x10*} 5.1 x10°
MW -31 53 7.1x10°} 25x10°] 6.9x10° |7.4x10°}72x10°| 69x10°
MW-32 46 3.0x10°}8.8x10°] 26x10° |2.8x10°|25x10*] 30x10°
TW4-20 43 59x10°] 1.6x10°| 42x10% |7.0x10%°]12x10°| 53x10°
TW4-21 63 1.9x10*] 1.1 x10*] 32x10° }1.9x10*]3.2x10°}] 94x10®
JTw4-22 55 1.3x10*] 6.8x10°] 1.1x10* ]1.3x10*]| 45x10%| 1.1x10*
Notes:
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TABLE 2
Estimated Perched Zone Pore Velocities

wel |Hydraulic Conductivity’| Hydraulic Gradient | Pore Velocity®
(cm/s) (ft/yr) (fvft) (ftiyr)
MW-23 2.2x 107 0.22 0.008 0.010
MW-25 1.1 x10™ 112 0.023 14.3
MW-27 7.2x10° 74 0.022 1 9.0
. MW-28 | 1.8x10° 1.8 0.029 029
MW-29 | 1.1x10% 112 0.013 8.1
MW-30 8.1x10° 83 0.027 - 12.4
MW-31 7.1x10° 73 0.024 9.7
MW-32 | 2.9x10° 29 0.021 3.38
TwW4-20 | 56x10° | 57 0.037 11.7
TW4-21 | 1.9x10™*¢ 194 0.046 49.5
TwW4.22 | 1.2x10™ 123 0.029 19.8
Notes:

& Average of estimates; value for MW-23 based on second test at MW-23.
b Assumes effective porosity of 0.18

¢ Estimates from Bouwer-Rice method not included in average

cm/s = Centimeters per second

fi/ft = Feet per foot

ft/yr = Feet per year

H:\718000\Reporis\Perched Monitor Well Tables: Table 2 8/4/2005
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APPENDIX A

LITHOLOGIC AND CORE LOGS
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Core Log of Well No, MW-3A

Cored Interval 70.0 ft. to 95.0 ft. T.D.

Depth

70.0 - 74.0
74.0 - 80.0
80.0 - 85.2
85.0 - 87.5
87.5 -90.0
90.0 - 95.0

Core barrel blocked, 75% core recovery, quartz sandstone, very light’
tan - white, med. to very coarse grained, chert pebble zone at 71.3 ft.,
sparse chert grains, calcareous cement at 72.3 - 73.0 ft., abund.
hematite/limonite disseminated at 73.2 - 73.8 ft., possible replacement
of earlier pyrite.

Core recovery 67%, quartz sandstone from 76.0 ft.-77.5 ft., white,

medium grained, sub rounded, 77.5 ft. - 78.4 ft., quartz sandstone,
very light tan, fine to medium grained, sub rounded, 78.4 ft. - 80.0 ft.,
quartz sandstone, very light tan, fine to medium grained, sub rounded,
clay cement.

Quartz sandstone fine grained subrounded to rounded clay cement
(non calcareous) occasional chert pebble, grit size zone from 82.5 -
82.8 and from 84.5 - 84.9 ft..

No core recovery.

Quartz sandstone / grit, calcareous cement white to light gray green,
coarser zones contain light green shale fragments and chert pebbles,
green clay gall noted from 88.0 - 88.2 ft., conglomerate from 89.5 -
90.0 feet.

Core recovery 97%, quartz sandstone / conglomerate, light gray
green, contains abundant chert pebbles and grit, zone from 90.0 -
92.5 ft. contains numerous low angle partings due to friable character
of the core, no weathered or mineralized surfaces noted. Upper Brushy
Basin contact at 92.5 ft.. Conglomerate in direct contact with
undisturbed green shale below. End of Core
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Core Log of Well No, MW-23

Cored Interval 49.0 ft. to 132.0 ft. T.D.

Depth

49.0 - 59.5
59.5 - 70.0
70.0 - 80.0
80.0 - 90.0
90.0 - 100.0
100.0- 110.0

D s
Core recovery 100%, 49.0 - 59.5 ft., quartz sandstone, fine - medium
grained, tan, non calcareous cement, cross-bedded, very uniform, most
partings occur along cross beds and are mechanical (broken during
drilling), no mineralized or weathered surfaces. '

Core recovery 95%, 59.5 - 61.5 ft., quartz sandstone, fine - medium
grained, tan, non calcareous, cross-bedded as above, lower contact is
45 degree angle erosional surface.

'61.5 - 64.0 ft., quartz sandstone, very light gray, medium grained,

very clean sandstone, no mineralized partings, grades downward into
conglomerate. :

64.0 - 69.5 ft., quartz sandstone, medium - grit sized grains, very
coarse chert pebble conglomerate from 67.0 - 69.5 ft..

69.5 - 70.0 ft., quartz sandstone, medium - coarse grained, very light
gray. :

Core recovery 90%, 70.0 - 70.5 ft., no core recovered,

70.5 - 73.5 ft., siltstone, very light gray- green, soft core, low angle
parting with limonite at 73.0 ft..

73.5 - 80.0 ft., quartz sandstone, light gray-tan to light pink-tan,
limonite stained low angle parting at 73.7 ft., grit zone at 75.0 ft., and
from 75.5 - 76.5 ft., small limonite blebs after sulfides-at 77.5 - 78.0
ft., some manganese dendrites from 78.5 - 79.5 ft., calcareous zone
from 78.5 to 79.5 ft..

Core recovery 87%, 80.0 - 84.5 ft., quartz sandstone, light gray-tan,
fine - medium grained, non calcareous cement, no mineralized partings.
84.5 - 85.7 ft., quartz sandstone, pink-tan to yellow orange, medium -
grit sized grains, abundant disseminated limonite at 85.5 - 85.7 ft..

- 85.7 - 87.0 ft., core not recovered.

87.0 - 89.0 ft., quartz sandstone, pink-tan, medium - grit sized grains.
89.0 - 90.0 ft., quartz sandstone / gritstone, some disseminated
limonite.

Core recovery 40%, 90.0 - 96.0 ft., no core recovered.

96.0 - 100.0 ft., quartz sandstone / gritstone, medium - very coarse,
light tan - yellow-orange, abundant disseminated limonite from 97.8 -
98.2 and from 99.5 - 100.0 ft., mechanical partings along un-
mineralized bedding planes, non calcareous.

Core recovery 100%, 100.0 - 102.3 ft., quartz sandstone, fine -
medium grained, light yellow-orange to pink-tan, abundant limonite
from 100.0 - 101.0, hematite from 101.5 - 102.3.

-102.3 - 105.5 ft., quartz sandstone, fine - medium grained, light gray,



meMLMMLCmL

11.0 - 120.0
120.0 - 130.0
130.0 - 132.0

unmineralized mechanical partings.

105.5 - 106.0 ft., disseminated limonite zone, yellow-orange. .
106.0 - 110.0 ft., quartz sandstone, fine - coarse grained, light gray to
orange-yellow.

Core recovery 100%,.110.0 - 111.2 ft., no core recovered.

111.2 - 113.5 ft., quartz sandstone / conglomerate, fine - grit size
grains, light gray to light gray-green, green clay biebs plus dark chert
fragments and pebbles.

113.5 - 114.5 ft., quartz sandstone / gritstone, abundant hematite
mineralization, yellow-orange.

114.5 - 120.0 ft.,- quartz sandstone / gritstone, cross-bedded, gray-
tan, chert fragments and pebbles at 115.0 - 116.5, 117.5 - 118.5, and
119.0 - 120.0 ft., non calcareous.

Core recovery 91%, 120.0 -.120.9.0 ft., no core recovered.

120.9 - 126.8 ft., quartz sandstone / gritstone, gray-tan to dark gray,
dark gray chert fragments and pebbles, no mineralized partings
observed, calcareous zone from 124.2 - 126.8 ft., upper Brushy Basin
Mbr. contact at 126.8 ft.

126.8 - 129.7 ft., shale, green.

129.7 - 129.8 ft., gritstone as above.

Core recovery 100%, shale, green, non calcareous, T.D.
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Cored Interval 20.0 ft. to 120.0 ft. T.D.

Depth
20.0 - 29.0

29.0 - 38.0

38.0 - 48.0

48.0 - 68.0

58.0 - 69.0

69.0 - 80.0

Description

Quartz sandstone, very fine - fine grained, non calcareous cement,
some chert pebbles from 20.0 - 20.5 ft..

20.5 - 23.5 quartz sandstone, very fine - fine grained, gray to light tan
brown, weathered contact at 23.5 ft. with hematite/limonite.

23.5 - 27.5 siltstone/shale, very. light gray, high angle parting with
slickensides at 25.5 ft.

27.5 - 29.0 quartz sandstone, very fine grained, light gray tan, some
low angle parting with hematite/limonite coatings.

Quartz sandstone, very fine - fine grained, light gray with disseminated
hematite/limonite staining from 29.0 - 29.2 ft. and from 29.0 - 29.2
and 29.3 - 29.4 ft., also some low angle partings with hematite
staining.

30.0 - 34.0 quartz sandstone, very fine - fine grained, light gray tan,
non calcareous.

34.0 - 34.5 quartz sandstone, fine - medium grain, abundant
disseminated limonite.

34.5 - 38.0 quartz sandstone, fine - medium grained, very light gray
tan, non calcareous cement, some low angle partings.

Core recovery 100%, 38.0 - 39.9 ft., quartz sandstone, very fine
grained, very light gray, well sorted. Non calcareous cement.

39.9 - 48.0 quartz sandstone, very light gray - white, medium grained,
well sorted, some disseminated limonite patches from 47.0 - 47.5 ft.,
non calcareous cement. No mineralized partings.

Core recovery 88%, 48.0 - 51.5 ft., quartz sandstone, light gray, fine -
coarse grained, non calcareous cement, disseminated limonite at 48.5
and 50.5 - 51.2 ft. . ' ‘

51.5 - 56.0 ft., quartz sandstone / conglomerate, medium - grit sized
grains, consists of chert fragments and pebbles, conglomerate zones at
51.5 - 52.0 ft., 53.7 - 64.0 ft., 65.5 - 56.0 ft., non calcareous.

56.0 - 58.0 ft., siltstone / shale, light gray-green.

Core recovery 93%, 58.0 - 69.0 ft., quartz sandstone / siltstone, very
fine grained, light tan, rounded grains, disseminated limonite from 58.9
- 59.5 ft., and 60.5 - 61.0 ft., low angle partings with hematite /
limonite coatings at 62.7 ft., and 66.0 ft., grain size increases to fine
from 67.0 - 69.0 ft., two small 2 - 4 cm patches of limonite after
pyrite with remnant pyrite in center of patchs at 68.5 ft.

Core recovery 73%, 69.0 - 70.0 ft., quartz sandstone, fine - medium
grained, light tan, very clean sandstone, non calcareous cement.
70.0 - 72.0 ft. core not recovered.



80.0 - 90.0

90.0 - 100.0

100.0 - 110.0

110.0 - 120.0

Core iog of well MW- 24 Cont.

72.0 - 72.2 ft., green shale.

72.2 - 76.0 ft., quartz sandstone / conglomerate, fine - medium
grained, grading downward into conglomerate from 75.0 - 76.0 ft.,
light gray-tan to tan.

76.0 - 78.0 ft., quartz sandstone, very fine grained, light purple-pink
to yellow-tan.

78.0 - 79.5 ft., shale, gray-green, poor recovery.

79.5 - 80.0 ft., quartz sandstone, fine - medium grained, gray,
abundant disseminated limonite, some manganese dendrites.

Core recovery 100%, 80.0 - 80.2 ft., shale, gray-green.

80.2 - 90.0 ft., quartz sandstone, medium - grit size grains, light gray-
tan, abundant 2 - 3 cm diameter spherical patches of disseminated
black mineral from 80.2 - 83.0 ft., no mineralized partings observed.
conlomerate zones at 84.0 - 84.3 ft., 84.5 - 85.0 ft., and 87.7 - 88.2
ft., non caicareous cement.

Core recovery 90%, 90.0 - 95.0 ft., quartz sandstone, fine - grit sized
grains, light gray-tan, conglomerate zones at 90.2 - 91.0 ft., 92.3 -
95.0 ft., non calcareous cement, some disseminated limonite.

95.0 - 97.0 ft., quartz sandstone, fine - medium grained, light gray.
97.0 - 98.0 ft., quartz sandstone, medium - grit sized grains, light
yellow-gray, some conglomerate zones.

98.0 - 99.0 ft., core not recovered.

99.0 - 100.0 ft., quartz sandstone, medium grained, light gray-tan,
very friable.

Core recovery 70%, 100.0 - 105.0 ft., quartz sandstone /
conglomerate, fine - grit sized grains, light gray to tan, conglomerate
zones from 100.0 - 100.2 ft., 102.5 - 103.5 ft.,

103.5 - 105.0 ft., quartz sandstone, medium grained, non calcareous
cement. .

105.0 - 110.0 ft., quartz sandstone, medium grained, some
disseminated limonite, very soft and friable.

Core recovery 100%, 110.0 - 114.5 ft., quartz sandstone, yellow-tan
to gray-pink, medium grained, abundant disseminated limonite in this
zone.

114.5 - 116.7 ft., quartz sandstone, medium grained, light gray.
116.7 - 117.5 ft., abundant disseminated limonite.

117.5 - 118.5 ft., quartz sandstone, fine - medium grained, gray,
calcareous cement.

118.5 - 118.6 ft., conglomerate / shale, green, upper Brushy Basin
Mbr. contact at 118.5 ft., contact is high angle.

118.6 - 120.0 ft., shale, green. T.D.
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Core Log of Well No, MW-28

Cored Interval 49.0 ft. to 110.0 ft. T.D.

Depth
49.0 - 60.0

60.0 - 70.0

70.0 - 80.0

80.0 - 90.0

90.0 - 100.0

100.0- 110.0

D .
Core recovery 55%, 49.0 - 54.0 ft., no core recovered.

54.0 - 54.3 ft., conglomerate, non calcareous.

54.3 - 60.0 ft., quartz sandstone, fine - medium grained, yellow-
orange to tan, no mineralized or weathered surfaces, disseminated
limonite zones from 55.0 - 56.0 ft., and 57.8 - 59.8 ft..

No core recovered from this interval.

Core recovery 22%, 70.0 - 77.8 ft., no core recovered,

77.8 - 80.0 ft., quartz sandstone, fine - medium grained, yellow-tan,
cross-bedded with some grit sized grains occuring along bedding
planes, very friable, non calcareous.

Core recovery 63%, 80.0 - 83.8 ft., no core recovered.

83.8 - 86.3 ft., quartz sandstone, medium - grit sized grains, yellow-
tan, sharp contact with underlying shaie.

86.3 - 86.5 ft., shale, yellow-gray.

86.5 - 90.0 ft., quartz sandstone, medium grained, yellow-tan to gray,
non calcareous, very friable.

Core recovery 82%, 90.0 - 91.7 ft., no core recovered.

91.7 - 83.5 ft., quartz sandstone, fine - medium grained, gray-tan to
light tan, several nonmineralized mechanical partings, non calcareous.
83.5 - 100.0 ft., quartz sandstone / gritstone, yellow-gray, grit zone
from 95.5 - 97.5 ft., conglomerate zone from 99.9 - 100.0 ft., non
calcareous, core becomes almost unconsolidated from 91.7 - 100.0
ft..

Core recovery 67%, 100.0 - 103.3 ft., no core recovered.

103.3 - 103.5 ft., conglomerate with chert pebbles up to 1 1/2 inch
diameter.

103.5 - 104.0 ft., quartz sandstone, fine - medium grained, yeliow-
gray, some limonite on contact at 104.0 ft., upper Brushy Basin Mbr.
contact.

104.0 - 110.0 ft., shale, green to purple-brown, some carbonaceous
patches at 105.0 - 105.4 ft., purple -brown mottling from 106.5 -
108.5 ft.

End of core at 110.0 ft., T.D.
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re L f Well No. MW-

Cored Interval 20.0 ft. to 60.0 ft.

Depth
20.0 - 30.0

30.0 - 40.0.

40.0 - 50.0

50.0 - 60.0

D .
Core recovery 36%, 20.0 - 20.3 ft., quartz sandstone / siltstone, very
fine grained, yellow-pink- tan, calcareous cement.

20.3 - 27.0 ft., no core recovered.

27.0 - 30.0 ft., quartz sandstone, medium grained, pink-tan to tan-
brown, disseminated limonite from 27.0 - 28.0 ft..

Core recovery 100%, 30.0 - 40.0 ft., quartz sandstone, cross-bedded,
medium - grit sized grains, tan, non calcareous, grit zone from 31.3 -

31.7, dark gray clay galls from 32.1 - 33.0 ft., no mineralized partings.

Core recovery 67%, 40.0 - 40.7 ft., quartz sandstone, tan, medium -
grit sized grains, grit zone from 40.7 - 41.0 ft., contact with
weathered surface at 41.0 ft., manganese dendrites.

41.0 - 45.2 ft., quartz sandstone, light gray, fine - medium grained.
45.2 - 46.6 ft., quartz sandstone, yellow-gray to yellow-tan, low angle
limonite mineralized parting at 46.3 ft.

46.6 - 50.0 ft., no core recovered.

Core recovery 95%, 50.0 - 51.0 ft., siltstone, yellow-gray-tan.

51.0 - 52.5 ft., quartz sandstone / siltstone, dark gray-brown.

52.5 - 55.5 ft., shale, purple-red.

55.5 - 60.0 ft., siltstone, yellow-brown, very soft, lower contact is
low angle parting, grades into quartz sandstone to 60.0 ft., tan to
yellow-orange conglomerate zones at 57.0 - 57.3 ft., 58.0 - 58.7 ft.,
and 59.8 - 60.0 ft., end of core.



INd 9€:T1 S00T/¥1/L 1301

3dl ¢10079%21000T%M IN/S0104d0T%1[2MOT%S00T/TO8 T L/000R 1 L/-H///=14 (%7) Pa1eds - (sjaxid ge47x6c0€ “d8ew] () 8dl¢10 2100 MIN



1301
Nd LET1 SO0T/HI/L

dOLl ON-XN

= £ adr 0
3dlH1007%31000T% M IN/S0104dOZ2%[[9M0T%S00T/Z081 L0008 L L/-H///P14 (24L7) Poreas - (sjaxid gezxp50€ ‘9Few] 0gdr) 8dlH10 2100 MIN



r f Well 4-

Cored Interval 20.0 ft. to 115.0 ft. T.D.

Depth
20.0 - 30.0

30.0 - 40.0

40.0 - 49.0

49.0 - 60.0

60.0 - 70.0

70.0 - 80.0

80.0 - 90.0

Description

~ Core recovery 95%, 20.0 - 21.4 ft., silty shale, mottied yellow-gray-

brown, calcareous from 20.0 - 20.5 ft., low angle contact with
sandstone below is nonmineralized. '

21.4 - 30.0 ft., quartz sandstone, fine - medium grained, tan to gray-
brown, cross-bedded, mechanical partings are low angle, parting with
limonite at 23.8 ft., limonite bands and blebs from 28.5 - 30.0 ft..

Core recovery 100%, 30.0 - quartz sandstone, medium grained, tan to
gray-tan, cross-bedded with patch of disseminated limonite from 35.7
- 35.9 ft., non calcareous, no mineralized partings.

Core recovery 100%, 40.0 - 49.0 ft., quartz sandstone, medium -
coarse grained, gray-brown, cross-bedded, Non calcareous cement.
Mostly nonmineralized mechanical partmgs, mineralized partings at
43.2, 43.4 and 43.5 ft..

Core recovery 86%, 49.0 - 50.0 ft., quartz sandstone, gray-brown,
medium grained, cross-bedded, non calcareous cement.

50.0- 52.0 ft., quartz sandstone, medium - coarse grained, orange-tan
to tan, strong limonite mineralization follows cross-bedding planes.
52.0 - 55.0 ft., quartz sandstone, medium grained, limonite
mineralization concentrated along cross-bedding, non calcareous, no
mineralized partings.

55.0 - 60.0 ft., quartz sandstone, light tan, very fine - fine grained,
some conglomerate zone from 55.0 - 56.2 ft., no mineralized partings.:

Core recovery 43%, 60.0 - 62.3 ft., quartz sandstone, medium - grit
sized grains, tan to pink-orange, cross-bedded.

62.3 - 68.0 ft., no core recovered.

68.0 - 70.0 ft., quartz sandstone, yellow-tan, fine - coarse grained,
cross-bedded, no mineralized partings.

Core recovery 32%, 70.0 - 76.6 ft., core not recovered.

76.6 - 77.5 ft., quartz sandstone / conglomerate, medium - grit sized
grains with chert pebbles, orange-gray to dark gray.

77.5 - 77.9 ft., quartz sandstone, light gray.

77.9 - 80.0 ft., quartz sandstone, fine - medium grained, tan, no
mineralized partings.

Core recovery 80%, 80.0 - 82.0 ft., no core recovered.
82.0 - 90.0 ft., quartz sandstone, fine - medium grained, yellow-tan,
nearly all unconsolidated sand, very friable.



Core Log of Well TW4-22 Cont.

90.0 - 100.0
100.0 - 110.0
110.0 - 115.0

Core recovery 93%, 90.0 - 90.6 ft., no core recovered.

90.6 - 91.5 ft., quartz sandstone, fine - medium grained, yellow-tan,
very friable, non calcareous cement.

91.5 - 92.0 ft., shale, yellow-gray, very soft.

92.0 - 93.0 ft., quartz sandstone / siltstone, mottled - light gray.
93.0 - 93.2 ft., shale, gray-blue.

93.2 - 100.0 ft., quartz sandstone, very fine - fine grained, light gray-
tan, cross-bedded with limonite patches from 94.5 - 95.0 ft.,
unconsolidated from 99.5 - 100.0 ft., non caicareous.

Core recovery 47%, 100.0 - 105.3 ft., no core recovered.
105.3 - 110.0 ft., quartz sandstone / gritstone, light gray-green, dark
chert fragments.

Core recovery 72%, 110.0 - 111.4 ft., no core recovered.

111.4 - 111.5 ft., chert pebble conglomerate, upper Brushy Basin Mbr.
contact at 111.5 ft.

111.5 - 115.0 ft., shale, green - mottled, T.D.
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APPENDIX B

SLUG TEST ANALYSIS PLOTS
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\mw23\mw23.aqt
Date: 07/13/05 Time: 11:25:53
PROJECT INFORMATION
Client: iuc

Test Well: mw23

AQUIFER DATA

Saturated Thickness: 12. ft

WELL DATA (mw23)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 it
Screen Length: 12. {t Total Well Penetration Depth: 12. ft
Gravel Pack Porosity: 0.3
SOLUTION
Agquifer Model: Unconfined Solution Method: KGS Model
Kr = 3.236E-08 cm/sec Ss =0.11t"

Kz/Kr=1.
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw23\mw23br.aqt
Date: 07/13/05 Time: 11:26:08

PROJECT INFORMATION

Client: iuc
Test Well: mw23

AQUIFER DATA
Saturated Thickness: 12. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw23)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 12. ft Total Well Penetration Depth: 12. ft

Gravel Pack Porosity: 0.3

SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.605E-06 cm/sec

y0 = 0.63 ft
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Time (min)

WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw23b\mw23b.aqt
Date: 07/14/05 Time: 10:57:04

PROJECT INFORMATION

Client: iuc
Test Well: mw23b

AQUIFER DATA

Saturated Thickness: 12. ft

WELL DATA (mw23b)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft ‘ Well Skin Radius: 0.281 ft
Screen Length: 12. ft Total Well Penetration Depth: 12. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr = 2.256E-07 cm/sec Ss  =0.002312 ft]

Kz/Kr = 1.
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- WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw23b\mw23bbr.aqt
Date: 07/14/05 Time: 10:57:16

PROJECT INFORMATION

Client: iuc
Test Well: mw23b

AQUIFER DATA
Saturated Thickness: 12. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw23b)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 12. ft Total Well Penetration Depth: 12. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.494E-07 cm/sec y0 =0.6211 ft
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw23b\mw23bbrh.aqt
Date: 07/13/05 Time: 11:26:45

PROJECT INFORMATION

Client: iuc
Test Well: mw23bh

AQUIFER DATA
Saturated Thickness: 12, ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw23bh)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 12. ft Total Well Penetration Depth: 12. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 1.978E-07 cm/sec y0 = 0.681 ft
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0.01 0.1 1. 10. 100. 1000.
Time (min)
WELL TEST ANALYSIS
Data Set: H:\718000\hydtstO5\mw25\mw25.aqt
Date: 07/13/05 Time: 11:26:59
PROJECT INFORMATION
Client: iuc
Test Well: mw25
AQUIFER DATA
Saturated Thickness: 33. ft
WELL DATA (mw25)
Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 33. ft Total Well Penetration Depth: 33. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001133 cm/sec Ss  =0.0003004 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw25\mw25br.aqt
Date: 07/13/05 _ Time: 11:27:14
PROJECT INFORMATION
Client: iuc

Test Well: mw25

AQUIFER DATA
Saturated Thickness: 33. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw25)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 33. ft Total Well Penetration Depth: 33. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =7.437E-05 cm/sec y0 = 0.2857 ft
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0.01 0.1 1. 10. 100. 1000.
Time (min)
WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw25\mw25h.aqt
Date: 07/13/05 Time: 11:27:24

PROJECT INFORMATION

Client: iuc
Test Well: mw25h

AQUIFER DATA

Saturated Thickness: 38. ft

WELL DATA (mw25h)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 33. ft Total Well Penetration Depth: 33. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001733 cm/sec Ss =0.0001989 "

Kz/Kr = 1.
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw25\mw25brh.aqt
Date: 07/13/05 Time: 11:27:34

PROJECT INFORMATION

Client: iuc
Test Well: mw25h

AQUIFER DATA
Saturated Thickness: 33. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw25h)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 33. it Total Well Penetration Depth: 33. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =0.0001031 cm/sec : y0 = 0.2605 ft
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0.01 0.1 1, 10. 100. 1000.
Time (min)

WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw27\mw27.aqt
Date: 07/13/05 Time: 11:27:49

PROJECT INFORMATION

Client: juc
Test Well: mw27

AQUIFER DATA

Saturated Thickness: .36. ft

WELL DATA (mw27)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 36. ft Total Well Penetration Depth: 36. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =8.238E-05 cm/sec Ss  =0.0005319 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw27\mw27br.aqt
Date: 07/13/05 Time: 11:27:59

PROJECT INFORMATION

Client: juc
Test Well: mw27

AQUIFER DATA
Saturated Thickness: 36. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw27)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 36. ft Total Well Penetration Depth: 36. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 3.633E-05 cm/sec y0 =0.1194 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw27\mw27h.aqt
Date: 07/13/05 Time: 11:28:09
PROJECT INFORMATION
Client: iuc

Test Well: mw27h

AQUIFER DATA

Saturated Thickness: 36. ft

WELL DATA (mw27h)
Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 36. ft Total Well Penetration Depth: 36. ft
Gravel Pack Porosity: 0.3

SOLUTION

Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001385 cm/sec Ss = 8.702E-05 ft’

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw27\mw27brh.aqt
Date: 07/13/05 Time: 11:28:19

PROJECT INFORMATION

Client: iuc
Test Well: mw27h

AQUIFER DATA
Saturated Thickness: 36. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw27h)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 36. ft Total Well Penetration Depth: 36. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =3.112E-05 cm/sec y0 = 0.08258 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw28\mw28.aqt
Date: 07/13/05 Time: 11:28:33

Client: iuc
Test Well: mw28

PROJECT INFORMATION

Saturated Thickness: 23. ft

AQUIFER DATA

Initial Displacement: 0.67 ft
Wellbore Radius: 0.281 ft
Screen Length: 23. ft
Gravel Pack Porosity: 0.3

WELL DATA (mw28)

Casing Radius: 0.167 ft
Well Skin Radius: 0.281 ft
Total Well Penetration Depth: 23. ft

Aquifer Model: Unconfined

Kr =1.731E-06 cm/sec
Kz/Kr=1.

SOLUTION

Solution Method: KGS Model

Ss =0.02ft]
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw28\mw28br.aqt
Date: 07/13/05 ‘ Time: 11:28:46

PROJECT INFORMATION

Client: iuc
Test Well: mw28

' AQUIFER DATA
Saturated Thickness: 23. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw28)

Initial Displacement: 0.67 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 23. ft Total Well Penetration Depth: 23. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =1.681E-06 cm/sec y0 = 0.2734 ft
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtstO5\mw28\mw28h.aqt
Date: 07/13/05 Time: 11:28:58

PROJECT INFORMATION

Ciient: iuc
Test Well: mw28h

AQUIFER DATA

Saturated Thickness: 23. ft

WELL DATA (mw28h)

Initial Displacement: 0.67 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft : Well Skin Radius: 0.281 ft
Screen Length: 23. ft Total Well Penetration Depth: .23. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =1.709E-06 cm/sec Ss =0.02 1t

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw28\mw28brh.aqt
Date: 07/13/05 Time: 11:29:08

PROJECT INFORMATION

Client: iuc
Test Well: mw28h

AQUIFER DATA
Saturated Thickness: 28. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw28h)

Initial Displacement: 0.67 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 23. ft Total Well Penetration Depth: 23, ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 1.962E-06 cm/sec y0 = 0.314 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\mw29\mw29.aqt
Date: 07/13/05 Time: 11:29:26
PROJECT INFORMATION
Client: iuc

Test Well: mw29

AQUIFER DATA

Saturated Thickness: 18. ft

WELL DATA (mw29)
Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 18. ft Total Well Penetration Depth: 18. ft
Gravel Pack Porosity: 0.3

SOLUTION

Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001109 cm/sec Ss  =0.0001861 ft'

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw29\mw29br.aqt
Date: 07/13/05 Time: 11:29:36
PROJECT INFORMATION
Client: iuc
Test Well: mw29
AQUIFER DATA
Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (mw29)
Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 18. ft Total Well Penetration Depth: 18. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice
K =9.283E-05 cm/sec y0 = 0.3464 ft
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw29\mw29h.aqt
Date: 07/13/05 Time: 11:29:49

PROJECT INFORMATION

Client: iuc
Test Well: mw29h

AQUIFER DATA

Saturated Thickness: 18. ft

WELL DATA (mw29h)

Initial Displacement: 0.45 ft Casing Radius: 0.167 it
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 18. ft Total Well Penetration Depth: 18. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001336 cm/sec Ss  =0.0002141 ft~

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw29\mw29brh.aqt
Date: 07/13/05 : Time: 11:30:01

PROJECT INFORMATION

Client: iuc
Test Well: mw29h

AQUIFER DATA
Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw29h)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 18. ft Total Well Penetration Depth: 18. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =0.0001003 cm/sec y0 = 0.3159 ft
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw30\mw30.aqt

Date: 07/13/05

Time: 11:30:17

Client: iuc
Test Well: mw30

PROJECT INFORMATION

Saturated Thickness: 24. it

AQUIFER DATA

Initial Displacement: 0.45 ft
Wellbore Radius: 0.281 ft
Screen Length: 24. ft
Gravel Pack Porosity: 0.3

WELL DATA (mw30)

Casing Radius: 0.167 ft
Well Skin Radius: 0.281 ft
Total Well Penetration Depth: 24. ft

Aquifer Model: Unconfined

Kr. =0.0001042 cm/sec
Kz/Kr =1.

SOLUTION
Soiution Method: KGS Model
Ss =0.0002875 ft'1
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst0O5\mw30\mw30br.aqt
Date: 07/13/05 Time: 11:30:33
PROJECT INFORMATION
Client: iuc
Test Well: mw30
AQUIFER DATA
Saturated Thickness: 24. ft Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (mw30)
Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 24. ft Total Well Penetration Depth: 24. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =6.437E-05 cm/sec y0 = 0.2274 ft




1- T TTTTIT T T T TTTIT T T TTTTT T T TTTTIT T T TTT7T

0.8 — |
0.6 — -
\O/ [ —
I = i
T L |
0.4 —
0.2 — |
O. | | { lIIIII‘ | | IIIIII’ 1 1 IIIIHI 1 | IIIIII_
0.01 0.1 1. 10. 100. 1000.
Time (min)
WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw30\mw30h.agt
Date: 07/13/05 Time: 11:30:45
PROJECT INFORMATION
Client: iuc

Test Well: mw30h

AQUIFER DATA

Saturated Thickness: 24. ft

WELL DATA (mw30h)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 24. ft Total Well Penetration Depth: 24. ft
Gravel Pack Porosity: 0.3
, SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001113 cm/sec Ss  =0.0001427 fiT

Kz/Kr = 1.
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw30\mw30brh.aqt

Date: 07/13/05

Time: 11:30:55

Client: iuc
Test Well: mw30h

PROJECT INFORMATION

Saturated Thickness: 24. ft

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 0.45 ft
Wellbore Radius: 0.281 ft
Screen Length: 24, ft
Gravel Pack Porosity: 0.3

WELL DATA (mw30h)

Casing Radius; 0.167 ft
Well Skin Radius: 0.281 ft
Total Well Penetration Depth: 24. ft

Aquifer Model: Unconfined
K =5.105E-05 cm/sec

SOLUTION
Solution Method: Bouwer-Rice
y0 =0.1892 ft
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\mw31\mw31.aqt
Date: 07/13/05 Time: 11:31:11

PROJECT INFORMATION

Client: iuc
Test Well: mw31

AQUIFER DATA

Saturated Thickness: 53. ft

WELL DATA (mw31)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 58. ft Total Well Penetration Depth: 53. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model

Kr  =7.084E-05 cm/sec Ss =2.52E-05ft1
Kz/Kr = 1. .
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WELL TEST ANALYSIS
Data Set: H:\718000\hydistO5\mw31\mw31br.aqgt
Date: 07/13/05 Time: 11:31:21
PROJECT INFORMATION
Client: iuc

Test Well: mw31

AQUIFER DATA
Saturated Thickness: 53. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw31)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 53. ft Total Well Penetration Depth: 58. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 6.886E-05 cm/sec y0 = 0.4976 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\mw31\mw31h.aqt
Date: 07/13/05 Time: 11:31:31
PROJECT INFORMATION
Client: iuc

Test Well: mw31h

AQUIFER DATA

Saturated Thickness: 53. ft

WELL DATA (mw31h)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 53. ft Total Well Penetration Depth: 53. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr = 7.353E-05 cmisec Ss =7.227E-06 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\mw31\mw31brh.aqt .
Date: 07/13/05 Time: 11:31:41
PROJECT INFORMATION
Client: iuc
Test Well: mw31h
AQUIFER DATA
Saturated Thickness: 53. ft Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (mw31h)
Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 it Well Skin Radius: 0.281 ft
Screen Length: 53. ft Total Well Penetration Depth: 53. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 6.886E-05 cm/sec y0 = 0.5456 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw32\mw32.aqt
Date: 07/13/05 Time: 11:31:56
PROJECT INFORMATION
Client: iuc

Test Well: mw28

AQUIFER DATA

Saturated Thickness: 486. ft

WELL DATA (mw32)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 46. ft Total Well Penetration Depth: 46. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =3.001E-05 cm/sec Ss =8.812E-05 it

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw32\mw32br.aqt _
Date: 07/13/05 Time: 11:32:08
PROJECT INFORMATION
Client: iuc

Test Well: mw32

AQUIFER DATA
Saturated Thickness: 46. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (mw32)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 46. ft Total Well Penetration Depth: 46. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =2.626E-05 cm/sec y0 = 0.4528 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\mw32\mw32h.aqt
Date: 07/13/05 Time: 11:32:21
PROJECT INFORMATION
Client: iuc

Test Well: mw32h

AQUIFER DATA

Saturated Thickness: 46. ft

WELL DATA (mw32h)

Initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 46. ft Total Well Penetration Depth: 46. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Soiution Method: KGS Model
Kr  =2.84E-05 cm/sec Ss =0.0002502 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\mw32\mw32brh.aqt
Date: 07/13/05 _ Time: 11:32:30
PROJECT INFORMATION
Client: iuc

Test Well: mw32h

AQUIFER DATA

Saturated Thickness: 46. ft Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (mw32h)
initial Displacement: 0.7 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 46. ft Total Well Penetration Depth: 46. ft
Gravel Pack Porosity: 0.3 :
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =3.015E-05 cm/sec _ y0 = 0.4528 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydistO5\tw20\tw20.aqt
Date: 07/13/05 Time: 11:32:44
PROJECT INFORMATION
Client: iuc

Test Well: tw4-20

AQUIFER DATA

Saturated Thickness: 43. ft

WELL DATA (iw4-20)

Initial Displacement: 0.45 {t Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 43. ft Total Well Penetration Depth: 43. ft
Gravel Pack Porosity: 0.3
SOLUTION
Agquifer Model: Unconfined Solution Method: KGS Model
Kr = 5.882E-05 cm/sec Ss = 1.595E-05 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS

Data Set: H:\718000\hydist05\tw20\tw20br.aqt
Date: 07/13/05

Time: 11:32:55

PROJECT INFORMATION

Client: iuc
Test Well: tw4-20

AQUIFER DATA

Saturated Thickness: 43. ft

Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (tw4-20)

Initial Displacement: 0.45 ft
Wellbore Radius: 0.281 ft
Screen Length: 43. ft
Gravel Pack Porosity: 0.3

Casing Radius: 0.167 ft
Well Skin Radius: 0.281 ft
Total Well Penetration Depth: 43. ft

SOLUTION
Aquifer Model: Unconfined

K =4.226E-05cm/sec y0 =0.314 ft

Solution Method: Bouwer-Rice
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\tw20\tw20h.aqt -
Date: 07/13/05 Time: 11:33:05
PROJECT INFORMATION
Client: iuc

Test Well: tw4-20h

AQUIFER DATA

Saturated Thickness: 43. ft

WELL DATA (tw4-20)

Initial Displacement: 0.45 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 fi
Screen Length: 43. ft Total Well Penetration Depth: 43. ft

Gravel Pack Porosity: 0.3

SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =6.994E-05 cm/sec Ss = 1.207E-05 ft’]

Kz/Kr=1.
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WELL TEST ANALYSIS

Data Set: H:\718000\hydtst05\tw20\tw20brh.agt
Date: 07/13/05

Time: 11:33:15

PROJECT INFORMATION

Client: iuc
Test Well: tw4-20h

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

Saturated Thickness: 43. ft

WELL DATA (iw4-20)

Casing Radius: 0.167 ft
Well Skin Radius: 0.281 ft
Total Well Penetration Depth: 43. ft

Initial Displacement: 0.45 ft
Wellbore Radius: 0.281 ft
Screen Length: 43. ft
Gravel Pack Porosity: 0.3

SOLUTION
Solution Method: Bouwer-Rice
y0 = 0.3288 ft

Aquifer Model: Unconfined
K =5.329E-05 cm/sec
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtstO5\tw21\tw21.aqt
Date: 07/13/05 Time: 11:33:34

PROJECT INFORMATION

Client: iuc
Test Well: tw4-21

AQUIFER DATA

Saturated Thickness: 63. ft

WELL DATA (tw4-21)
Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 63. ft Total Well Penetration Depth: 683. ft
Gravel Pack Porosity: 0.3

SOLUTION

Aquifer Model: Unconfined Solution Method: KGS Model
Kr = 0.00019 cm/sec Ss  =0.0001105 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\tw21\tw21br.aqt
Date: 07/13/05 Time: 11:33:50

PROJECT INFORMATION

Client: iuc
Test Well: tw4-21

AQUIFER DATA
Saturated Thickness: 683. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (tw4-21)

lhitial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 63. ft Total Well Penetration Depth: 63. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =38.261E-05 cm/sec y0 = 0.04976 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\tw21\tw21h.aqt

Date: 07/13/05 Time: 11:34:12

PROJECT INFORMATION

Client: iuc
Test Well: tw4-21h

AQUIFER DATA

Saturated Thickness: 63. ft

WELL DATA (tw4-21h)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 63. ft Total Well Penetration Depth: 63. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr = 0.0001908 cm/sec | Ss  =3.208E-05 ft""

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydistO5\iw21\tw21brh.agt
Date: 07/13/05 v Time: 11:34:23
PROJECT INFORMATION
Ciient: iuc

Test Well: tw4-21h

AQUIFER DATA
Saturated Thickness: 63. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (iw4-21h)

Initial Displacement: 0.6 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 68. ft Total Well Penetration Depth: 63. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =9.399E-06 cm/sec y0 = 0.04976 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydist05\tw22\tw22.aqt
Date: 07/13/05 Time: 11:34:42
PROJECT INFORMATION
Ciient: iuc

Test Well: tw4-22

AQUIFER DATA

Saturated Thickness: 55. ft

WELL DATA (iw4-22)
Initial Displacement: 0.4 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 55. ft Total Well Penetration Depth: 55. ft
Gravel Pack Porosity: 0.3

SOLUTION

Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001348 cm/sec Ss =6.75E-06 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\tw22\iw22br.aqt
Date: 07/13/05 Time: 11:34:53
PROJECT INFORMATION
Client: iuc

Test Well: tw4-22

AQUIFER DATA
Saturated Thickness: 55. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (iw4-22)

Initial Displacement: 0.4 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 55. ft Total Well Penetration Depth: 55. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =0.0001071 cm/sec y0 =0.314 ft
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtstO5\tw22\tw22h.aqt
Date: 07/13/05 Time: 11:35:02
PROJECT INFORMATION
Client: iuc ‘

Test Well: tw4-22h

AQUIFER DATA

Saturated Thickness: 55. ft

WELL DATA (tw4-22h)

Initial Displacement: 0.4 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 55. ft Total Well Penetration Depth: 55. ft
Gravel Pack Porosity: 0.3 :
SOLUTION
Aquifer Model: Unconfined Solution Method: KGS Model
Kr  =0.0001311 cm/sec Ss  =4.542E-06 ft!

Kz/Kr = 1.
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WELL TEST ANALYSIS
Data Set: H:\718000\hydtst05\tw22\tw22brh.aqt
Date: 07/13/05 Time: 11:35:12
PROJECT INFORMATION
Client: iuc

Test Well: tw4-22h

AQUIFER DATA
Saturated Thickness: 55. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (tw4-22h)

Initial Displacement: 0.4 ft Casing Radius: 0.167 ft
Wellbore Radius: 0.281 ft Well Skin Radius: 0.281 ft
Screen Length: 55. ft Total Well Penetration Depth: 55. ft
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =0.0001071 cm/sec y0 =0.314 it
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