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Re: Update report regarding !USA's October 4, 2000 report on investigation of 
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Dear Mr. Sinclair: 

This transmits International Uranium (USA) Corporation's ("!USA'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 
IUSA submitted to the Utah Department of Environmental Quality ("UDEQ") on 
October 4, 2000 (IUSA and HGC, 2000), and addresses questions raised by UDEQ's 
letter to IUSA in response to the CIR dated June 7, 2001. Items addressed in this report 
are also pursuant to a meeting between IUSA and UDEQ on October 5, 2001. 

Please note that this report includes a recommendation for installing two additional 
temporary wells, for the purpose of additional delineation of the areas of the perched 
zone containing chloroform, and in the locations discussed during the meeting with 
UDEQ. IUSA would like to install these two additional wells during the week of 
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December 3, 2001, so that the wells can be sampled during the first quarter 2002 
sampling event. Should you have any questions or comments concerning this or any 
other part of this report, please contact me at 303.3 89.4131. 

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, IUSA 
David C. Frydenlund, !USA 
Harold R. Roberts, !USA 
Richard E. Bartlett, IUSA 
Ron E. Berg, IUSA 
Stewart J. Smith, Hydro Geo Chern 
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1. INTRODUCTION AND SUMMARY 

International Uranium (USA) Corporation ("IUSA") submitted a Contaminant 

Investigation Report entitled "Investigation of Elevated Chloroform Concentrations 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 ofMW-4. 
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5) Rapid degradation of chloroform m the perched water IS unlikely without 
enhancement. 

Additional delineation of the chloroform in the perched water is proposed to be 

accomplished by adding two new temporary wells to the west and northwest of MW-4, and by 

vertical profile sampling in selected wells, to define the chloroform concentrations in three 

dimensions. Additional characterization of groundwater gradients in the northeast portion of the 

site, which have been changing and may affect chloroform migration in the perched water, will 

be accomplished by phased installation of piezometers. In addition, IUSA will continue to 

perform quarterly monitoring of chloroform and will transmit such data to the UDEQ in 

accordance with a schedule provided herein. 
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2. DNAPL ISSUES 

UDEQ has expressed 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 JlgiL, and in the deep sample at a concentration of 5,820 Jlg/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: 

• 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 

• 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 indicative of the presence of the pure phase. 

For chloroform, soil gas concentrations in excess of 100,000 J..Lg!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 flg/L). The measured 

concentrations are indicative of low concentrations of chloroform dissolved in vadose pore 

waters. Furthermore, the possibility that DNAPL exists within the perched zone is not supported 

by the relatively low chloroform concentrations detected at wells TW4-5 and TW4-9, which are 

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

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

The possibility that chloroform DNAPL may exist in the perched zone beneath the 

abandoned scale house leach field and/or may traveled downgradient along the Brushy Basin 

contact toward MW -4 is remote. This possibility is not supported by data collected from the 

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

2.3 .1 Detected Concentrations with Respect to Chloroform Solubility 

Perched water chloroform concentrations exceeding 1% of the solubility of chloroform 

(8,000-1 0,000 mg/1) 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/1 carbon tetrachloride contaminant on the solubility of chloroform 

used at the site would be negligible, potentially lowering the solubility by less 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 supported by past analytical 

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/1, or 0.021M, based on data 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 of2 (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.wt = 10-K:,•[saltJ, csat 
w+sa/t w 

where C~~salt = solubility of neutral organic compound in salty water, 

Ks = salting constant, 

C~at =solubility of neutral organic compound in pure water, 

and assuming that 

Ks= 0.55, and 

[salt]= [S04] = 0.021M, 

the solubility of chloroform in perched water is calculated as 0:975 c;:1 or 97.5% of the 

solubility in pure water, a reduction in solubility ofless 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, owing to it's asymmetry, which accounts for it's high solubility 

(1 0 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 ofMW-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 significantly 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). 

Concentrations 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 = 
Average saturated thickness = 
Average hydraulic gradient = 

Average hydraulic conductivity == 

20 feet 
30 feet (conservative) 
0.016 ft/ft 
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 ori the results of a pump test at 

MW-4 in 1999, which yielded a transmissivity of 38.4 ft2 /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/1, or 5 x 10-3 

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 ofMW-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 disposable 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 flg/L in the shallow sample and a concentration of 5820 

5,280 flg/L in the deep sample. 

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

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

2.4 Brushy Basin Contact 

UDEQ has expressed concern that the Brushy Basin contact at MW-4 may be depressed 

and may harbor a pool of chloroform DNAPL. This concern is based on a reported contact depth 

of 125 ft below land surface (bls) at MW-4. However, the Brushy Basin contact at MW-4 is 

considered to be at a depth of 108 ft bls based on lithologic logs of nearby temporary wells TW 4-

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 TW 4-1, TW 4-2, TW 4-7, and TW~4-8, which depict 

the contact at approximately 103 ft, 105 ft, 98 ft, and 105 ft bls, respectively. This would place 

the base of the screened interval of MW-4, which extends to 112 ft bls, approximately 4 feet 

below the contact. 
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The 125 foot depth that has been previously reported for the Brushy Basin at MW -4 is 

apparently based on the well completion diagram provided in TITAN, 1994, which depicts a 

contact 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 layer encountered within 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 extended 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 1 08 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 1 08 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 (8,000-1 0,000 mg/1). 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-l, 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 TW 4-6, 

although the recent detection of 3.6 J..lg/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 J..lg/L, although concentrations at these wells 

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

The increases in concentration detected in most of the temporary wells after installation 

are most likely related to recovery of concentrations that were lowered as a result of the air 

rotary drilling method, and the generally long recovery times expected when wells are installed 

in low permeability formations. Temporary wells located downgradient (south) of MW-4 are 

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

continue to monitor and report results to the UDEQ. 

3.2 Hydraulic Gradient in the Vicinity ofMW-4 

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

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

The change in water levels and change in hydraulic gradient to a more westerly direction 

in the vicinity of the abandoned leach field are recent, and the direction of the hydraulic gradient 

during most of the period of migration of the plume was southerly. A southerly gradient still 

exists near MW -4 and at the downgradient edge of the plume. The recently detected more 

westerly hydraulic gradient near the scale house leach field is of no concern unless a residual 

chloroform source is present, but the assumption of a residual source is not supported by any of 

the soil gas or groundwater data collected to date. IUSA plans to install piezometers, in a phased 

fashion, in the northeast portion of the site to further investigate the increase in water levels and 

change in hydraulic gradient. This work will be described in a report to UDEQ due on 

November 16, 2001. 

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

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

This feature is likely not a mound but the result of locally semi-confined conditions 

related to the stratigraphy of the perched zone. This type of feature is common in water table 

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

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

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

The vertical dimension of the chloroform in perched water will be addressed by vertical 

profile sampling as discussed in Section 2.1. The lateral dimension of the plume is defined in 

large part by the existing temporary well network but further delineation is likely needed to the . 

west and northwest ofMW-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 hydro geologically 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. · 

IUSA 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 increase 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 ~giL 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 TW 4-7 

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, 

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

• Former office trash disposal area 
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5. 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 10-4 cm/s), which was based on a 

transmissivity of 38 ft2/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 108ft bls. A detailed 

discussion ofte~ts 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 ofTW4-1 (Figure 9). The base of this zone is approximately 95 feet bls in 

TW4-1, and TW4-2, and approximately 88ft 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 Yz 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 conducted 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 ofTW4-4. 

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 travel 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, IUSA data 

validation, and reporting, IUSA proposes to submit the data, together with the quarterly summary 

report, to UDEQ in accordance with the following schedule: 

Quarter 
January - March 
April- June 
July - September 
October - December 

Submittal Due Date 
May30 
August 30 
November 30 
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 J..lg/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". 

Hydro lab Corporation, the supplier of the Hydro lab 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. Hydrolab'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 chloroform 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 and developing a work 

plan for implementation. 
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Approximate screened interval 
(feet bls) 

Chloroform (IJg/L) 
(1st sampling) 

Chloroform (IJg/L) 
(2nd sampling) 

Chloroform (J.Jg/L) 
(3rd sampling) 

Ghlorotorm (IJg/L) (Initial sampling 
of TW4-4 and TW4-~_ 

Chloroform (IJg/L) (4th Sampling) 
(2nd sampling of 

TW4-4 and TW4-6) 
Chloroform (IJg/L) 
(11/00 sampling) 
Chloroform (IJg/L) 
(03/01 sampling) 
Chloroform (IJg/L) 
(06/01 sampling) 
Chloroform (IJg/L) 
(09/01 sampling) 

Nitrate (mg/L) 
(11/00 sampling) 

Nitrate (mg/L) 
(03/01 sampling) 

Nitrate (mg/L) 
(06/01 sampling) 

NS = not sampled 
NA = not analyzed 

H:/71800/chloroform table 1.xls 

:>;" 

TABLE 1 
MW-4 and Temporary Perched Well Completion and Analytical Parameters 

TW4-1 TW4-2 TW4-3 TW4-4 TW4-5 TW4-6 TW4-7 

70-110 80-120 67-97 72-112 80-120 57.5-97.5 80-120 

5.8 2,510 702 NS 29.5 NS 256 

1,100 5,520 834 NS 49 NS 616 

1,490 NS NS NS NS NS NS 

NS NS NS <0.5 NS <0.5 NS 

2,230 5,220 836 <1 124 <1 698 

3,440 4,220 836 3.85 255 <1 684 

2,340 3,890 347 2,260 236 <1 747 

6,000 5,500 390 3,100 240 <1 1,100 

NA 4,900 300 3,200 240 3.6 1,200 

7.79 10.7 1.97 1.02 3.16 <0.1 1.99 

7.15 10.2 1.85 14.5 3.88 0.13 2.46 

8.81 9.67 2.61 14.0 6.47 <0.1 2.65 

TW4-8 TW4-9 MW-4 

85-125 80-120 92-112 

<1 4.2 NS 

21.8 1.88 NS 

NS NS NS 

NS NS NS 

102 14.2 NS 

107 39.4 6,470 

116 43.6 4,360 

180 59 6,300 

180 19 5,300 

<0.1 <0.1 9.37 

<0.1 <0.1 8.77 

<0.1 0.15 9.02 

':,·.;:.: 
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geotech· 
Environmental Equipment, Inc. 

Leaders in manufacturing and distributin9 

ground and surface water sampling, analytical, 

filtration,. and remediation equipment. 



Geotech Disposable and Reusable Bailers 

Geotech dispos~ble -and reus<d)le bailers are avaiiable-in,many 
collfiguratiQilS a.nd- rriaterla.ls to meet_your specific sanip1ing ne~ds. 

~ ·.•. . . ··-~---''.c, ' ~- :..,.· :;: .. .... : .. •·. ·. :,:_·.. . •. ':.:.. . .• : .,.:.. _ _.; · .• ·-. ·. .. :·..,,-, . 

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 

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

ertified special clean disposable bailers ava1 a e upon request 

DISPOSABLE ACCESSORIES 

Product sampler for floating hydrocarbons 

VOC sampler uses a unique design that 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 

Stainless Steel Geobailers 

Bailers 

- 1" and 1.75" diameters are 36"1ong 
- Rugged and durable for well development 

Geotech Reusable Bailers 

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

Geotech Disposable Bailers are available in the following configurations: 

Material Diameter Length Configurations Units/case 

Poly .................................... 75" ............................ 36",83" ...................... Weighted/Non Weighted ........................................ 24 per case 
Poly .................................... 1.5" ............................ 12", 36", 48" ............ Weighted/Non Weighted/Pressurized .................... 24 per case 
Poly .................................... 3" .............................. 36" ............................ Weighted/Non Weighted ........................................ 9 per case 
Teflon® .............................. 1.5" ......................... : .. 12", 36" .................... Weighted/Non Weighted ........................................ 12 per case 
Clear PVC ........................... 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-filtersm 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-filterm at the bottom. In order to dis­
place the check ball and establish a smooth flow, an additional large barbed removal device is included for bot­
tom emptying without filtering. 

ORDER TODAY (800) 833-7958 
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THE USE OF SOIL GAS DATA TO OBTAIN SOIL VO.C 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 converte~ 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, H0 • The dimen~ionless 
Henry's Law coefficient relates the concentration of a compound in the vapor phase to its 
concentration in the aqueous phase 

where H 
R 
T 
Ps 

and S 

H0 = C,JCw = HIRT.· p/S 

is the Henry's Law coefficient 
is the ideal gas constant 
is degrees Kelvin 

(1) 

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

The aqueous-phase concentration will in turn be controlled by the distribution of 
contaminants between water and the solid soil matrix. This distribution is governed by KO, 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 (fraction}, (.Chiou and Shoup, 1985) 
the water-solid distribution coefficient is 

where C5 

Cw 
Koc 
foe 

K · %0C . oc 
100 

is the concentration in the soli.d [mass VOC/mass solids] 
is the concentration in the water [mass VOC/volume water] 
is the water-organic carbon distribution coefficient 
is the fraction, by weight, of organic carbon in the soil 
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The total soil VOC concentration (MIL 3) is the sum of the mass/unit volume in each of the three ·1 

phases: 

where 

·. -

is the concentration in the gas [MIV air] 
is the total concentration in the soil [MIV (bulk volume soil)] 
is the bulk dry soil density [MIV solid] 
is the total porosity · 
is the water filled porosity 

( 3) 

The ratio of a VOC's total concentration in the soil. gas to its concentration in the soil is given by 
s.ubstituting (1) and (2) in (3) and dividing by bulk density (Pb) to convert soil concentration units 

· from mass/volume to mas·s/mass: 

KD 9w (8r -8w) -· --· (4) 
Ho HoPb Pb 

where Cr 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 J.lg/L was converted to the 
equivalent soil VOC concentration .in J.lg/kg. The soil parameters utilized iri the calculation were 
foe (fraction) = 0.005; total porosity (fraction) = 0.40; volumetric moisture content. (fraction) = 0.2; 
and dry soil bulk density (gm/cm3

) = 2.00. 
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TABLE 1. CONVERSION OF SOIL GAS TO TOTAL SOIL CONCENTRATION 

COMPOUND Koc"(mllg) Henry's Ho* Ko· SGas-Soil Soil Gas 
Coeff. (H) (H/RT} (mllg) Conversion Cone. 

Factor (~g/L) 

CCI4 110 2.41 E-2 1.0 0.55 0.75 100 

Chloroform 31 2.87E-3 0.119 0.155 2.24 100 

1,1 DCA 30 4.31E"3 0.179 0.15 1.50 100 

1,2 DCA 14 9.78E-4 0.0407 0.07 . 10.2 100 

1,1 DCE . 65 3.40E"2 . 1.41 0.325 0.401 100 

cis 1,2 DCE 49 7.58E"3 0.315 0.245 1.2 100 

trans 1 ,2 DCE 59 6.56E"3 0.273 0.295 1.55. 100 

1,1,1 TCA 155 1.7oE-2 0.707 0.775 1.33 100 

TCE 126 9.1oE·3 0.379 0.63 2.03 100 

PCE 364 2.59E"2 1.08 . 1.82 1.88 100 

Vinyl Chloride 57 8.19E"2 3.41 0.285 0.212 100 

Benzene 83 5.59E"3 0.233 0.415 2.31- 100 

Ethyl Benzene 1100 6.43E.J 0.267 5,5 19.4 100 

Toluene 300 6.37E"3 0.265 1.5 5.86 100 

Xylene 240 7.04E"3 0.293 1.2 4.53. 100 

* ROY·'·:& Griffin, 1989. - 1,1, 1 TCA 
* Montgomery & Welkom, 1990 - all others. 

It can be showri by sensitivity analysis of (4) that for all put the most water-soluble 
compounds, the ratio of soil gas to total soil concentration is most sensitive to Ko, next to H0 , 

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. 
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. . . . 
2." Predicting the Presence of NAPL from Soil Gas Concentrations 

Equation 4 is valid in most soil gas applications, butcal") 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 soH gas, it does not account for the VOCs dissolved .in lhe . 
NAPL. Where· NAPL is present, the prediction of VOC soil concentrations from s'oil gas 

• concentrations is not possible be'cause the vapor pressure of a VOC in the NAPL is a function 
of its concentration in the NAPL· and the· amount of NAPL is generally unknown. 

• Wheri a VOC· concentration in the NAPL is high, its distribution between the 
NAPL and the gas· phase can· be estimated by Raoult's Law 

where 
and 

c '1 (i ) (5) 

Ps is the vapor density (pure-compound vapor pressure) of the ith VOC 
Xi is the mole.fraction of the ith VOC 

The sum of the rrlole fractions of compounds making up a NAPL (or any 
liquid) is equal to 1": 

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, ttie substitution of (5)into (6) yields 

(6) 

(7) 

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 appro.ach _1. However, a lower than the theoretical value of 1.0 for the 
summation in (7) should. be used tb indicate the presence of a ·NAPL in unsaturated soils. In 
water saturated soils,· because of attenuation by advective and diffusive processes, only 1% of 
the saturated solubility of a groundwater contaminant is the criterion used to determine the 
presence of NAPL in groundwater (F~enstra and others, 1991), Soil gas is less likely to be 
attenuated by C!dve.ctive processes, 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 dete;ction for soB. g·as sources. Thus a larger criterion than the 1% ofthe · 

c:\info.doclsgs_soil.cr:IV · . 4 ·. I 



C\oil Gas ... 
.1alyte 

PCE 

TCE 

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 ;,; 

t cg (i) 

Ps (t) 
0.1 

·· .. · 

(8) 

As an example of the use of this criterion, suppose that the soil gas data obtained at a point 
location are 

PCE 
TCE 
Cis 1,2-DCE 

= 2,500 IJg/L 
= 4,200 IJQ/L 
= 10,000 IJQ/L 

The calculations utilizing Equation 8 are summarized in Table 2. 

-
TABLE 2. EXAMPLE OF USING SOIL GAS TO DETERMINE NAPL PRESENCE<. 

Vapor Pressure Molecular Conversion Factor- Vapor ·Observed 
· (mm) Weight (g) [J.Ig/(mm· L·g)] Density Ps. Concentration 
(@20 °C) (IJg/L) c9 (IJg/L > 

14 165.8 54.7 . 127,000 2,500 

19 131.4 54.7 137,000 4,200. 

1,2 cis DCE 180 97 54.7 955,000 . 10,000 

SUM of Crfp5 

According 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. 

References 

Chiou, C.T. and T.D. Shoup, Environ. Sci. Techno!. 1985, 19, 1196. 

Fe~nstra, S., D.M. McKay, and J.A.Cherry, 1991. A method for assissing residual NAPL 
based on organic concentrations in soil samples 
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· . Use of Soil Gas to Determine 
The.Presence of NAPLs in Soils 

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

cg (i) = Ps xi 

where Ps is the vapor density of the ith VOC · 
and X; is the mole fraction of the ·ith vo.c · 

···,_.· ... 

Figure 12 

.. 





. . 

__ · . The sum of the m_oJe fractions of compounds 
- dis.so.lved in .a NAP~ (or any li.quid) is. equal to 1: 

n 

"' X . . = LO. . ~ r -
i=l 

Where n is the number of compounds in the 
NAPL~ 

_ Assuming the NAPL ~s co-mposed of VOCs, that is_,_ 
each of the dissolvecj comp·ounds has a_r~asonable 
vapor pressure, these two ~quatioris may be _. 
combined as: 

. . t . cg (~) = l.o 
i=l p s (l) . 

.;.';,; .. 

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 o/o of the saturated 
solu~ility of.a groundwater contaminant is used to 
determine the presence of NAPL in groundwater 
(Feenstra et al., 1992). 

Figure 1'5 

. ,'. --, ... -··.·.. :.:-~ ~ .·. 



The choice of the proper value is somewhat arbitrary. A larger 
value than the 1 °/o 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 

. n C(1) 
The Presence of NAPL Is Indicated By : L g ~ 0.1 

H Ps (1) 

'·>' 

Figure 16 



APPENDIXC 

Coordinates Requested by UDEQ 



Feature 

Approximate Coordinates 
Misc. Features· • White Mesa Mill Site 

Revised using 2001 Topographic Map 
( all coordinates are approximate ) 

Easting Northing Elevation Tailings Cells • Appproximate Boundaries 

WaterWell#1 
Test Well 

2580084 323314 
2580945 322687 

Cell No. Easting Northing 

Jones Well 
Jet Pump 

2581252 318910 
2581250 329460 

Ruin Spring 2574294 310375 
Cottonwood Spring 2570024 317880 
Westwater Spring 2574166 321692 

Former Leach Field (near office) 
NW 2580274 322228 
NE 2580369 322228 
SE 2580369 322128 
sw 2580274 322128 

Old Leach Field (scale house) 
NVV 2580765 322279 
NE 2580786 322279 
SE 2580786 322223 
svv 2580765 322223 

Current Leach Field (east of Mill yard) 

Land Fill 

NVV 2581224 322530 
NE 2581324 322530 
SE 2581324 322370 
svv 2581224 322370 

NVV 
NE 
SE 
svv 

2581040 322915 
2581115 322915 
2581115 322785 
2581040 322785 

Sedimentation Pond 
NVV 2579420 322645 

. NE 2579465 322645 
A 2579465 322400 
B 2579555 322355 
SE 2579555 322175 
svv 2579420 322175 

Lab waste Holding Tank 
2580085 322408 

5391 
5238 
5493 

Dimensions (ft. x ft.) 

95 100 

Area (sq.fl.) 9500 

Dimensions (ft; x ft.) 

21 56 

Area (sq.ft.) 1176 

Dimensions (ft. x ft.) 

100 160 

Area (&q.ft.) 16000 

Dimensions (ft. x ft.) 

75 130 

Abandoned Monitor Wells, Bore Holes, and Angle Holes 

1-1 
NVV 2577460 323190 
NE 2579365 323145 
SE 2579355 322078 

svv 2576795 322150 
A 2576880 322415 

2 

3 

NVV 2576795. 322150 
NE 2580210 322040 
SE 2580210 320745 

svv 2576845 321680 

NVV 2576845 321680 
NE 2580210 320745 
SE 2579593 320100 

SVV 2576015 320825 

4A 
NVV 2577883 320411 
NE 2579593 320100 
SE 2578860 319021 

svv 2577469 319266 

Feature Easting Northing Elevation ( all coordinates are approximate ) 

MVV-13 2577590 319547 5570 
MVV·6·1 2578895 320530 5588 
MVV-6-2 2578895 320530 5588 
MVV-7·1 2578125 320886 5588 
MVV-7·2 2578125 320886 5588 
MVV·B-1 2577265 320925 5590 
MVV·8·2 2577265 320925 5590 

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

GH-94-1 2576459 320549 5597 
GH-94·21 2577257 320385 5585 
GH-94·3 2577245 320046 5579 
GH-94-4 2577365 319598 5572 

0 & M 12 2578314 326932 5648.1 
0 & M 28 2577380 317340 5547.6 11/0912001 9:25 AM 
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Analytical Results 
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f;t'1:1t/?W 
ftt&l•Ht§U•Ul!fl# 
Billings • Casper • Gillette 

Helena • Rapid City 

ENERGY LABORATORIES, INC. 
SHIPPING: 2393 SALT CREEK HIGHWAY • CASPER, WY 82601 
MAILING: P.O. SOX 3258 • CASPER, WY 82602 
E-mail: casper@energylab.com • FAX: (307) 234-1639 
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: April9, 2001 

Laboratory ID Sample Date I Time Sample ID Nitrate + Nitrite as N, 
mg/L 

01-31914-1 03-26-2001 14:02 WMMTW4-11 < 0.10 

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

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

01-31914-4 03-29-2001 12:38 WMMMW4 8.77 
tJrli-.t-rt..:; a~-11 ; > 4 -/.·del bU ( ~r &1-J:.). 

t.clill'\ MTLU -I I> e:. "'<=f. -
Quality Assurance Data 

Method EPA 353.2 

Reporting Limit 0.10 

RPD 1 1.0 

Spike2 96 

Analyst rwk 

Date/Time Analyzed 04-04-2001 17:13 
-

NOTES: 

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

the reporting limit. This range is not applicable to samples with results below I 0 times the reporting limit. 

(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELl performs 

a matrix spike on I 0 percent of all samples tor each analytical method. 

msh: r:\reports\clients2001 \international_uranium _ corp\liquid\31914-1-4. xis 
7':) .'. r-.- ~ .. ,··. : . t: ::: :--= ... , !.., 
~ ; ', ,· ~ ··',.,,. ', ; , .. , ;. .. :..., i'iV • 

COMPLETE ANALYTICAL SERVICES ·"l 
· ... -"· 
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• Billings 
• Casper 
• Gillette 
• Ratlld City I'.:[:{•J;~u•J&U:!JI>W 

ENERGY LABORATORIES, INC.'S CHAIN OF CUSTODY RECORD 
Mail Only: PO Box 3258 • Casper, WY • 82602-3258 

UPS/FeliEx Deliveries: 2393 Salt Creek Highway • Casper, WY • 82601 

tall.fi·ee 1-888-235-0515 
w1ice 307-235-0515 

.fax 307-234-/639 
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. , Energy Laboratories, Inc • 
SAMPLE CONDITION REPORT 

\ 

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

Client: International Uranium {USA) Corporation Description: WATER 
Lab ID {s): 01-31914-1 Thru 01-31914-4 Matrix: Liquid 
Delivered by: ups Date&Time Rec'd: 02-APR-01 1000 Date&Time Col'd: 26~MAR-01 1402 
Received by: Sara Hawken Logged In by: Sara Hawken 

Chain of custody form completed & signed: Yes Comments: 
Chain of custody seal: No Comments: 
Chain of custody seal intact: N/A Comments: 
Signature match, chain of custody vs. seal: N/A Comments: 
Sample received Temperature: sc Comments: 
Samples received within holding time: Yes Comments:. 
Samples received in proper containers: Yes Comments: 
Samples Properly Preserved: Yes Comments: 

Bottle Types Received:~4_-=l~6~o~z~p~n~f~h=2~so~4~-------------------------------------------------------------------

Comments: 

:"'"", -- ''0 .-.--\ t.:.;: r·• • 
q I ,-, ' • ,.-, ·~ ·' - ,.... 
'j ' · .•.• ; : 'II' .. : i j I. 

·- I ~-· • .' • ; ·-·· : • ·- !J ;._. 
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Energy Laboratories, Inc. 

REPORT PACKAGE SUMMARY 

Acronyms and Definitions 

ELI-B Energy Laboratories, Inc. - Billings, Montana 
ELI-G Energy Laboratories, Inc. - Gillette, Wyoming 
ELI-H Energy Laboratories, Inc. - Helena, Montana 
ELI-R Energy Laboratories, Inc. - Rapid City,South Dakota 

co - Carry over from previous sample 
ip Insufficient parameters 
N/A - Not Applicable 
NA - Not Analyzed 
ND - Analyte Not Detected at Stated Limit of Detection 
NR - Analyte Not Requested 
NST - No Sample Time Given 
NSD - No Sample Date Given 

FINAL PAGE 

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

Client ID: WMMMW4 is associated to Lab ID: 01-31914-4 
Client ID: WMMTW-11 is associated to Lab ID: 01-31914-l 
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: 

This is the last page of the Laboratory Analysis Report. 
Additional QC is available upon request. 

·--. .. _ 
. ·-.' ·-· -=· ::- .· _. 

; -·.•.:.•. 

The report contains the .number of pages indicated by the last 4 ~g~~ .r ::. :~ Q :··; .:: Q S 



' ; 

Billings • Casper • Gillette 
Helens • Rapid City 

ENERGY LABORATORIES, INC. 
SHIPPING: 2393 SALT CREEK HIGHWAY • CASPER, WY 82601 
MAILING: P.O. BOX 3258 • CASPER, WY 82602 
E-mail: casper@energytab.com • FAX: (307) 234·1639 
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: April9, 2001 

· Laboratory ID Sample Date I Time Sample ID 

01-31913-1 03-29-2001 09:32 WMMTW4-1 

01-31913-2 03-29-2001 11:08 WMMTW4-2 

01-31913-3 03-28-2001 17:35 WMMTW4-3 
01-31913-4 03-27-2001 09:02 WMMTW4-4 

01-31913-5 . 03-28-2001 11:04 WMMTW4-5 

01-31913-6 03-26-2001 16:20 WMMTW4-6 

01-31913-7 03-27-2001 14:56 WMMTW4-7 

01-31913-8 03-27-200116:54 WMMTW4-8 
01-31913-9 03-27-2001 11:20 WMMTW4-9 

01-31913-10 03-26-2001 14:01 WMMTW4-10 
.... 

Quality Assurance Data 

Method 
Reporting Limit 

RPD1 

Spike2 

Analyst 
Date/Time Analyzed 

NOTES: 

Nitrate + Nitrite as N, 
mg/L 
7.15 
10.2 
1.85 
14.5 
3.88 
0.13 
2.46 

< 0.10 
< 0.10 
< 0.10 

EPA 353.2 
0.10 
0.8 
94 

rwk 
04-04-2001 15:30 

( 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 I 0 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 I 0 percent of all samples for each analytical method. 

msh: r: \reports\cl ients200 I \international_ uranium_ corp\! iquid\31913-1-10. xIs 
"':"':'': 1\ :~.· .• ··~· ... , • ..... -:- ·"', r:::- !.!:! 
~ . ·• ,-~ .·. ·.. . . . ; . . ' ......... ·-. 

COMPLETE ANALYTICAL SERVICE~ . -~. :· :-· :'', .· .. :--: .· 
· .. } . : : ... ~ ... ' _: ·-' ._ 
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Energy Laboratories, Inc. 
. ,; 

SAMPLE CONDITION REPORT 

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

Client: International Uranium (USA) Corporation Description: WATER 
Lab ID(s): 0~-3~9~3-~ Thru 01-31913-10 Matrix: Liquid 
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 completed & signed: Yes Comments: 
Chain of custody seal: No Comments: 
Chain of custody seal intact: N/A Comments: 
Signature match, chain of custody vs. seal: N/A Comments: 
Sample received Temperature: sc Comments: 
samples received within holding time: Yes Comments: 
Samples received in proper containers: Yes Comments: 
Samples Properly Preserved: Yes· Comments: 

Bottle Types Received: l0-l6oz p nf h2so4 (a) 

Comments: 

-~ "!. .""'1.~. ••. • .... • • ..... ~ •• ,·.··.·, :.~.---·.• .~-.·.Q·. 
14~;-, .... ·.:. ~--= . :}. -- -

:? -\ ,~ ~ r ·~. ~- 1 r:. 
• .. i .. _ ...• ·- ........ • ... 0 



• 
Energy Laboratories, Inc. 

. ; REPORT PACKAGE SUMMARY FINAL PAGE 

Acronyms and Definitions 

ELI-B Energy Laboratories, Inc. - Billings, Montana 
ELI-G Energy Laboratories, Inc. - Gillette, Wyoming 
ELI-H Energy Laboratories, Inc. - Helena, Montana 
ELI-R Energy Laboratories, Inc. - Rapid City,South Dakota 

co - Carry over from previous sample 
ip Insufficient parameters 
N/A - Not Applicable 
NA - Not Analyzed 
ND - Analyte Not Detected at Stated Limit of Detection 
NR - Analyte Not Requested 
NST - No Sample Time Given 
NSD - No Sample Date Given 

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

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

Approved By: ;;::.-..~:i:~>- ./;~t;.~ 
::;·.·.~··: .. ·.·.-:,. .. 

Reviewed By: 

.:.~·~··.,;- ;,. ,.lo'~"' .~.;.,;:l 

This is the last page of the Laboratory Analysis Report. 
Additional QC is available upon request. 

7-::lf\ !"'.!!'l;'~ ··:: f.l.l\ ,::t:" llQ 'tt,·t ..................... ; .~-!- .. . 
The report contains the.number of pages indicated by the last 4:Jr~g~~~·3 200 JQ5 
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1 
WMMTW4-2 

03-28-200117:35 WMMTW4-3 
03-27-2001 09:02 WMMTW4-4 
03-28-2001 11:04 WMMTW4-5 
03-26-2001 16:20 WMMTW4-6 
03-27-2001 14:56 WMMTW4-7 
03-27-2001 1 54 WMMTW4-8 

01-3 03-27-2001 11:20 WMMTW4-9 
03-26-2001 14:01 WMMTW4-10 

Quality Assurance Data 

Method EPA 353.2 

Reporting Limit 0.10 

RPD1 0.8 

Spike2 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 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 ofthe spike addition. ELI performs 

a matrix spike on I 0 percent of all samples for each analytical method. 

msh: r: \reports\cl ients2001 \international_ uranium_ corp\liquid\31913-1-10 .xis 

~·· 



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 03-29-200111:08 WMMTW4-12 10.0 

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

Quality Assurance Data 

Method EPA 353.2 

Reporting Limit 0.10 

RPD1 1.0 

Spike2 96 

Analyst rwk 

Date/Time Analyzed 04-04-200117:13 

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 I 0 times the reporting limit 

(2) These values are an assessment of analytical accuracy. They are a percent recovery of the spike addition. ELI perfonns 

a matrix spike on I 0 percent of all samples for each analytical method. 

msh: r:\reports\clients2001 \international_ uranium_ corp\liquid\31914-1-4.xls 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
VoJatiJe Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-1 Date/Time Received: 

01-31916-1 Date Analyzed: 

Liquid - WATER Date Reported: 

200 

ND - Analyte not detected at stated limit of detection 

03-29-01 

09:50 

04-02-01 10:00 . 

04-04-01 

April 12, 2001 

~::::=::i::~;,,;:;;)::'::i@1i@i!fiiil::~::il~fl!ifi:fi!fi@I!Jii![i::,1:fifiii!i!i!iii!!iii!iii:t!lii?JJI:!:~~u~t.l.M.~!~a.M.~li~S.$Y.~€~~:J.m.f:P:IItilii!l!i!~i!li!!i!i!:~I~~::::::;:I:I:iN!iiiiiii!Miili!!f.!~!i!it!i~!~:::;::!!i:::::::::t~i::;~::i:i;i;i,:: 
JCAL I CCAL PERCENT ACCEPTANCE 

JNTERNAI. STANDARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1166070 1150521 101% 50-200% 

Fluorobenzene 2433645 . 2388861 102% 50-200% 

1,4- Difluorobenzene . 1769122 1775533 99.6% so- 200 % 

Cblorobenzene - dS 1189063 1163446 102% 50-200% 

1,4 - Dichlorobenzene - d4 473744 458787 103"% 50-200% 

PERCENT ACCEPTANCE 
SYSTEM MQNJTOBING CQMEOUNDS CONCENTRATION RECOVERY RANGE 
Dibromofluoromethane 9.45 94.5% 86- 118% 

Toluene- d8 10.3 103% 88 -llO% 

4 - Bromofluorobenzene 9.91 99.1% 86- 115% 

1,2 - Dichlorobenzene - d4 9.90 99.0% 80- 120% 

METHODS USED IN TIDS ANAI.YSIS: 

EPA 5030B, EPA 8260B 

sec: r:\rcpons\clienl52001\i111Crnalional_uranium_corp\casper_org\31916-1-19_8260b_chlorofonn_l·w.xls Analyst: ---------rio 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

Pentafluorobenzene 
Fluorobenzene 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-2 Date/Time Received: 

01-31916-2 Date Analyzed: 

Liquid - WATER Date Reported: 

200 

ND - Analyte not detected Ill stilled limit of detection 

1154034 1150521 100% 
2407856- 2388861 101% 

1,4 - Difluorobenzene 1752960 1775533 98.7% 

Chlorobenzene - d5 1171985 1163446 101% 

1,4 - Dichlorobenzene - d4 471262 458787 103% 

03-29-01 

11:12 

04-02-01 10:00 

04-04-01 

April 14, 2001 

PERCENT ACCEPI'ANCE 
SYSTEM MONITORING COMPOUNDS CONCENTRATION 
Dibromofluoromethane 9.36 

Toluene- d8 10.3 

4 - Bromofluorobenzene 9.93 

1,2 - Dichlorobenzene - d4 9.88 

METHODS USED IN TIUS ANAI,YSIS: 

EPA S030B, EPA 8260B 

sec: r:\repons\clicnts2001\in1Crnalional_uranium_corp\caspcr_or&\31916-1-19_8260b_chloroform_J-w.xls 

RECOVERY 
93.6% 
103% 
99.3% 
98.8% 

Analyst: 

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

rio -------

--
~\ 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

Pentafluorobenzene 
Fluorobenzene 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-3 Date/Time Received: 

01-31916-3 Date Analyzed: 

Liquid - WATER Date Reported: 

100 

ND - Analyte not detected at stated limit of detection 

1158619 1150521 101% 
2404030 2388861 101% 

1,4 - Difluorobenzene 1745382 1775533 98.3% 

Chlorobenzene - d5 1175904 1163446 101% 

1,4- Dichlorobenzene- d4 472736 458787 103% 

03-28-01 

17:56 

04-02-0110:00 

04-04-01 

Apri114, 2001 

PERCENT ACCEPI'ANCE 
SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2 - Dichlorobenzene - d4 

METHODS USED IN TIDS ANALVSIS: 

EPA 5030B, EPA 8260B 

CONCENTRATION 
9.48 
10.3 
10.1 
9.85 

sec: r:\rcpons\cliem.s2001 \imemational_ uranium_ corp \casper_ org\31916-1-19 _ 826011 _ chlorofonn _1-w .xis 

RECOVERY 
94.8% 
103% 
101% 
98.5% 

Analyst: 

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

rio . -------

'<; 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

Pentafluorobenzene 
Fluorobenzene 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-4 Date/Time Received: 

01-31916-4 Date Anal~: 

Liquid - WATER Date Reported: 

200 

ND - Analyte not detected Ill stilled limit of detection 

980162 1150521 85.2% 
2227683. 2388861 93.3% 

1 ,4 - Difluorobenzene 1572210 1775533 88.5% 

Cblorobenzene - d5 1044788 1163446 89.8% 

1 ,4 - Dichlorobenzene - d4 410680 458787 89.5% 

03-27-01 

09:00 

04-02-0110:00 

04-06-01 

Apri114, 2001 

PERCENT ACCEPTANCE 
SYSTEM MONITORING COMPOUNDS 

Dibromofluoromeiha:De 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METHODS USED IN DDS ANAI,YSIS: 

EPA 5030B, EPA 8260B 

CONCENTRATION 
9.83 
10.6 
10.6 
9.92 

sec: r:\repons\clients2001\intemational_uraniwn _ corp\casper _ org\31916-1-19 _ 8260b _chloroform _1-w .xis 

RECOVERY 
98.3% 
106% 
106% 
99.2% 

Analyst: 

RANGE. 

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

rio · -------

.. 



LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

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

Project: WHITE MESA MILL Time Sampled: 11:22 

Sample ID: WMMTW4-5 Date/Time Received: 04-02-01 10:00 

Laboratory ID: 01-31916-5 Date Analyzed: 04-04-01 

Matrix: Liquid - WATER Date Reponed: April 14, 2001 

Dilution Factor: 10 

ND - Analyte not detected at stated limit of detection 

·.::.:;·:;:.=·:··:::,:=::::·:::::::;:::::=::::::?'!t,;::::=::::;:::~::·:::::::?:i:::'::;::'/?!{::::;t'!\':\:C:t::'~::;=::t::tff!Nf.l.M.f{:!:tlv~tm::I.~~Y.MN.i!Ei·E.«II?mtt::t~i!!ii!!i!fi!!i!iiif:::::::i;::·r;:ti:·::}~!if!{::f::)~!;{:,:,;::;:::.;:=::;:·· · ... :· ::.··.: ... ·' 
JCAL I CCAL PERCENT ACCEPTANCE 

INTERNAl. STANDARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1107374 

Fluorobenzene 2345208 

1,4- Difluorobenzene 1698810 

Chlorobenzene - dS 1159686 

1 ,4 - Dichlorobenzene - d4 466834 

SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METHODS USED IN THIS ANALYSIS: 

EPA 5030B, EPA 8260B. 

1150521 
2388861 
1775533 
1163446 
458787 

CQNCENTRATIQN 
9.46 
10.4 
10.1 
9.76 

sec: r:\repons\c:liems2001\intemalional_uranium_a~rp\casper_org\31916-1-19_8260b_chloroform_l-w.xls 

96.2% 50-200% 
98.2% 50-200% 
95.7% 50-200% 
99.7% 
102% 

PERCENT 
RECOVERY 

94.6% 
104% 
101% 
97.6% 

Analyst: 

50-200% 
50-200% 

ACCEPTANCE 
RANGE 

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

rio · -------



LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
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 

ND • Analyte not detected o1 staled limit of detection 

~. 

;::~::Iii'!{::~:====:={i!)!:::;=:::i:::::::=:::~:~:::=::~::::::=:t::~:::::::t:::;::~:r:=:::r:Iiif'i~if:!:i:~I!!{!@~i}iRYNtiM.J.lii!itlmwl\f.$V.i.f#.~!JPi.f:Q.j~:::::~::::~::~i!i!ii!!!!i!!!i!Ii!!!i!i'i!ii:i:::i:~;;:;::i!i~!i!i!i~!i!@l!i!i!i!i~!i!i~!i!!!i!l 

INTERNAl. STANDARDS 
Pentafluorobenzene 
Fluorobenzene 
1,4 - Difluorobenzene 
Chlorobenzene - d5 
1 ,4 - Dichlorobenzene - d4 

1135759 
2382190. 
1708345 
1159355 
467805 

SYSTEM MONITORING COMPOUNDS 
Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2- Dichlorobenzene- d4 

METHODS USED IN DDS ANALYSIS: 

EPA 5030B, EPA 8260B . 

JCAL I CCAL PERCENT ACCEPTANCE 
AREA RECOVERY RANGE 

1150521 98.7% 50-200 % 
2388861 99.7% 50-200% 
1775533 96.2% so·- 200 % 
1163446 99.6% 50- 200 % 
458787 102% 50 - 200 % 

CONCENTRATION 
9.58 
10.4 
10.0 
9.84 

PERCENT 
RECOVERY 

95.8% 
104% 
100% 
98.4% 

ACCEPTANCE 
RANGE 

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

sec:: r:\repons\clieniS2001\international_uranium_corp\casper_or,g\31916-1-19_8260b_chloroform_t-w.xls Analyst: rJo. -------

r,-. 



J.~ABORATORY ANALYSIS REPORT," EPA METHOD 8260 
Volatile Organic Compounds 

Client: International Uranium (USA) Corporation Date Sampled: 

Project: WHITE MESA MILL Time Sampled: 

Sample ID: WMMTW4-7 Date/Time Received: 

Laboratory ID: 01-31916-7 Date Analyzed: 

Matrix: · Liquid - WATER Date Reported: 

Dilution Factor: 100 

ND - Analyte not detected Ill stilled limit of detection 

Pentafluorobenzene 1105485 1150521 96.1% 

Fluorobenzene 2323615 2388861 97.3% 

1,4 ., Difluorobenzene 1678345 1775533 94.5% 

Chlorobenzene - d5 1136308 1163446 97.7% 

1,4 - Dichlorobenzene - d4 448761 458787 97.8% 

PERCENT 

SYSTEM MONITORING COMPOUNDS CQNCRNTRA TION RECOVERY 

Dibrornofluoromethane 9.38 93.8% 

Toluene- d8 10.5 105% 

4 - Bromofluorobenzene 10.0 100% 

1,2 - Dichlorobenzene - d4 9.83 98.3% 

METHODS USED IN TIDS ANALYSIS: 

EPA 5030B, EPA 8260B. 

03-28..{)1 

15:09 

04-02..{)1 10:00 

04-04-01 

Apri114, 2001 

ACCEPTANCE 
RANGE 

86-118% 
88- 110% 
86-115% 

. 80-120% 

rio sec: r:\repons\clients2001\intemational_uranium_ corp\casper _ org\31916-1-19 _8260b _ chlorofonn_l-w .xis Analyst: ---------

.. , 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

Pentafluorobenzene 
Fluorobenzene 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-8 Date/Time Received: 

01-31916-8 Date Analyzed: 

Liquid - WATER Date Reported: 

10 

ND - Analyte not detected at stated limit of detection 

1090084 1150521 94.7% 
2309760 2388861 96.7% 

1 ,4 - Difluorobenzene 1664765 1775533 93.8% 

Chlorobenzene - dS 1119681 1163446 96.2% 

1 ,4 - Dichlorobenzene - d4 442367 458787 96.4% 

03-26-01 

17:00 

04:..W-01 10:00 

04-04-01 

April 14, 2001 

PERCENT ACCEPfANCE 
SYSTEM MONITORING COMPOUNDS CONCENTRATION 
Dibromofluorometbane 9.57 

. Toluene - d8 10.4 

4 - Bromofluorobenzene 10.1 

1,2- Dichlorobenzene- d4 9.94 

METHODS USED IN THIS ANALYSIS: 
EPA S030B, EPA 8260B 

sec: r:\repons\clien152001 \international_ uranium_ corp \casper_ org\31916-1-19 _ 826011 _chloroform _1-w .xis 

BECQVEBY 
95.7% 
104% 
101% 

99.4% 

Analyst: 

BANGE 
86- 118% 
88- 110% 
86-115% 
80- 120% 

rio -------

;-

;·· 

~--_:: 

~ ·. 



LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

Client: International Uranium (USA) Corporation Date Sampled: . 03-27-01 

Project: WHITE MESA MILL Time Sampled: 11:35 

Sample ID: WMMTW4-9 Date/Time Received: 04-02-01 10:00 

Laboratory ID: 01-31916-9 Date Analyzed: 04-05-01 

Matrix: Uquid - WATER Date Reported: April 14, 2001 

Dilution Factor: 2 

67-66-3 Chloroform (Trichloromethane) 

ND - Analyte not detected Ill stilled limit of detection 

::=:==;::::::=::::::==;=:=:.)i;::{/:;:::::{i'}i:i:::::r:::~;::;:::::=:~:i!:i:~J:f::~:::!:}::::;;;:!:=t!::Jr::,:;:?::::wP:Nrl.M.EiiQP.M.¥TJ.M~§.~Y.J.kMwP.~t1illf:Y~lii:::;=:;:i:::;:;::::::::::::::::::::::::::::r=t}{::::::::;;::;::r::it:::I::Ii!iit:t:?:Iiii 

JN]'EBNAI. STANJ)ARDS . 

Pentafluorobenzene 
Fluorobenzene 
1,4 - Difluorobenzene 
Chlorobenzene - d5 
1,4- Dichlorobenzene- d4 

AREA 
1067998 
2306313 .. 
1658294 
1115898 
447091 

SYSTEM MONITQRING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METHODS USED TN TIDS ANALYSIS: 

EPA 5030B, EPA 8260B 

ICAL I CCAL PERCENT ACCEPI'ANCE 
AREA RECOVERY RANGE 
1150521 92.8% 50- 200 % 
2388861 96.5% 50 - 200 % 
1775533 93.4% 50"" 200% 
1163446 95.9%' 50-200% 
458787 97:5% 50 - 200 % 

CONCENTRATION 

9.50 
10.5 
10.1 
9.80 

PERCENT 
RECOVERY 

95.0% 
105% 
101% 
98.0% 

ACCEPI'ANCE 
RANGE 

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

· sec: r:\reports\cliePIS2001 \international_ uranium_corp\caspcr_ org\31916-1-19 _ 8260b _ c:hloroform_l-w .xis Analyst: -------rio 

.. 



LABORATORY ANALYSIS REPORT, EPA MET1JOD 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 qA 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 

ND - Analyte not detected tJI stated limit of detection 

8J':=;:::':}=:::;=i'J':'::::::Ii::::::::::::::::;~:::::=:::{It::::=::J=:::::::;::r:::::),'i:::,::"'''':;::=::I:,::;::=~::'#.Y.Nf.!..W~W2t!~f!Mi.{$.$Y.!li.N.¢.i.tMW:if:P:I.i&i:::;:=::::::::f:I::~:I:=:::::::::;:;::f:::r::::::::@@@!~i:::i~:i~ti1\/:::'::':H:: 

INTERNAL STANDARDS 

Pentafluorobenzene 
FJuorobenzene 
1,4- Difluorobenzene 
Chlorobenzene- d5 
1,4 - Dichlorobenzene - d4 

1081645 
2280451 
1630418 
1103332 
437754 

SYSTEM MONITORING COMPOUNDS 
Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2 - Dichlorobenzene - d4 

MEWODS USED IN TIUS ANALYSIS: 

EPA 5030B, EPA 8260B 

ICAL I CCAL PERCENT ACCEPTANCE 
AREA RECOVERY RANGE 
1150521 94.0% 50 - 200 % 
2388861 95.5% 50-200% 
1775533 91.8% 50- 200 % 
1163446 94.8% 50.., 200 % 
458787 95.4% so- 200% 

CONCENTRATION 
9.55 
10.6 
10.2 
9.91 

PERCENT 
RECOVERY 

95.5% 
106% 
102% 
99.1% 

ACCEPTANCE 
RANGE 

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

sec: r:\repons\clicnlS2001 \imernational_ uranium_ corp \casper_ org\3 I 916-1-I 9 _ 8260b _ chlorofonn _ J-w .xis Analyst: rio -------

:_-:_·· 



Client: 

Project: 

Sample ID: 

Laboratory ID:" 

Matrix: 

Dilution Factor: 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-11 Q4 Date/Time Received: 

01-31916-11 Date Analyzed: 

Liquid - WATER Date Reported: 

2 

ND - Anal:yte not detected D1 stoted limit of detection 

03-23-01 

12:47 

04-02-01 10:00 

04-05-01 

April 14, 2001 

ii):::;;:;:;;:;:;:f~:~=;~:::::~::~:':!:::~::J;:;::,;;;I;~:;:;:::II!''t:::~:::;:::;:I!'iJ:::::)t:;=~:::::::=:;:::~:~,::::=:~::'}'~P:Nl:4.M.E:::l2V.~~:a.\f..1:Y.J.MNfJJ.l:!E.f.t.f:II.IIli!i!it::;:;j::ttil!l!i!~::~Ili!lil!ii!i!!i::::l!~ittiii!i!i!~i:l!i!I!II 
ICAL I CCAL PERCENT ACCEPTANCE 

INTERNAl, STANDARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1087398 

Fluorobenzene 2312161 

1,4 - Difluorobenzene 1661249 

Chlorobenzene - dS 1093054 

1 ,4 - Dichlorobenzene - d4 427271 

SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene -d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METIIODS USED IN TIUS ANAJ.VSIS: 

EPA 5030B, ~A 8260B 

1150521 
2388861 
1775533 
1163446 
458787 

CONCENTRATION 
9.53 
10.4 
10.2 
9.91 

sec: r:\rcpons\cliems2001 \international_ uranium-corp \casper-org\3 1916-1-I 9-8260b-chloroform_l-W.llls 

94.5% 50- 200 % 
96.8% 
93.6% 
93.9% 
93.1% 

PERCENT 
RECOVERY 

95.3% 
104% 
102% 
99.1% 

Analyst: 

.50-200% 
50-200% 
50-200% 
50-200% 

ACCEPTANCE 
RANGE 

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

rio ---------

.. 
.. 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-12 D~.~p. or= nv 4-2- Date/Time Received: 

01-31916-12 Date Analyzed: 

Liquid - WATER Date ~ep<;>rted: 

200 

ND - Analyte not detected Dl stated limit of detection 

03-29-01 

11:24 

04-02-01 10:00 

04-06-01 

April 14, 2001 

:::~:::::::::~)i:::I=::::=::i:=:;:::::rt::=:t=::::::;=:@:i:1::::I::::~=::;:::::~:::;:::::::::::::?':t::~:::;:::':::'}!'{\t#P.N:W.!M.~::at.t.4.t.ll~3.\f~P!MN:€~:::1§niR.w:::{:=:::Jt=:':}ii:;:;:::::::r::::::::},,;:;:::{;:;::;::::fi:::~:iH!iiii~;;i::::I:::t' . 
ICAL/CCAL PERCENT ACCEPTANCE 

JNTERNAJ, STANDARDS AREA AREA . RECOVERY RANGE 

Pentafluorobenzene 954374 

Flu oro benzene 2199976 

1 ,4 - Difluorobenzene 1545815 

Chlorobenzene - dS 1054565 

1 ,4 - Dichlorobenzene - d4 411716 

SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METIJODS USED IN TIUS ANALYSIS: 

EPA 5030B, EPA 8260B. 

1150521 
2388861 
1775533 
1163446 
458787 

CONCENTRATION 
10.0 
10.8 
10.4 
9.83 

sec:: r:\repons\c:liems2001 \international_ uranium_ corp \casper_ org\31916-1·19 _ 8260b _chloroform _1-w .xis 

83.0% 
92.1% 
87.1% 
90.6% 
89.7% 

PERCENT 
RECOVERY 

100% 
108% 
104% 
98.3% 

Analyst: 

50-200% 
50-200% 
50-200% 
50-200% 
50-200% 

ACCEPI'ANCE 
RANGE 

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

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: 14:24 

Sample ID: WMMTW4-13 ~n.Sa-rE P""' or fo Date/Time Received: 04-02-0110:00 

Laboratory ID: 01-31916-13 p~r j ,,., ~ C) 1\ Gl Date Analyzed: 04.:05-01 

Matrix: Liquid - WATER S~mp 1,,~ Pc.c. ~11.5. Date Reported: April 14, 2001 

Dilution Factor: 2 (Col~a~v 
t.~ 
~ 

ND - Analyte not detected at stated limit of detection 

:i{t:::::::::::t::=r:::::;:::~::t:::::::::::::::t:::::::::::::::::::::::::::::::r:=::;;:::::fi:':::::r:::;:::I::::::::::l:#tJNt.J.Nt~::fiP.mf:Y:@.§:ff:f!B.N.IJ!.!:.:::Ell.~Pai:I::II::::~:I:::::r::I::::I::@:::~;::::;;:::&;t;M~:::::::;;~t:t:::t~:f:::r:::::: 
ICAL I CCAL PERCENT ACCEPTANCE 

INTERNAl, STANDARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1056010 

Fluorobenzene 2291350. 

1,4 - Difluorobenzene 1639990 

Chlorobenzene - d5 1102979 

1,4- Dichlorobenzene- d4 429163 

SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2 - Dichlorobenzene - d4 

METHODS USED IN THIS ANAI,YSIS: 

EPA S030B, EPA 8260B 

1150521 
2388861 
1775533 
1163446 
458787 

CQNCENTRATION 

9.56 
10.5 
10.1 
·9.85 

sec: r:\repons\clients2001\intemalional_uranium_corp\caspc:r_org\31916-J-19_8260b_chlorofonn_l-w.xls 

91.8% . 50-200% 
95.9% . 50 - 200 % 
92.4% 50.-200% 
94.8% 50- 200 % 
93.5% 50- 200 % 

PERCENT 
RECOVERY 

95.6% 
105% 
101% 
98.5% 

Analyst: 

ACCEPTANCE 
RANGE 

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

rio ----------

,· 
::: 

~- : : 



LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

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

Project: WHITE MESA MILL Time Sampled: 12:33 

Sample ID: WMMTW4-14 ~nS.:X.... ~rto 
mw- 1-:r- , 

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

Laboratory ID: 01-31916-14 Date Analyzed: 04-05-01 

Matrix: Liquid - WATER Date Reported: April 14, 2001 

Dilution Factor: 2 

ND - Analyte not detected at stated limit of detectum 

!::t::=~=;t::n~;;:;:::::=:,;:;::::::j=::Il:;:::::;II::;:::::;:::::=:::::::::;;::;=;II!f!;:J=:;;;f'i!f'fir:=;;=:=:::;:~Y-N[J.M.!.t:!Qtf.~M.W.§fl.~€Ei;;~h:nti.~:::!i:t;:;:;:::t];::::ii!Iii!!iiii!~!i!i:ii!i';;I:~Iiiiii!i!iii!if!iJ::::::::~ii!:i@i!II'!:=;;:;: 

INTERNAl. STANDARnB 

Pentafluorobenzene 
Fluorobenzene 
1,4 - Difluorobenzene 
Chlorobenzene - d5 
1,4 - Dichlorobenzene - d4 

1053851 
2258371 
1603542 
1090824 
426403 

SYSTEM MQNITOBING CQMfQUNDS 
Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2 - Dichlorobenzene·- d4 

METHQDS USED IN TIUS ANAI,YSIS: 

EPA 5030B, EPA 8260B 

ICAL I CCAL PERCENT ACCEPTANCE 
AREA RECOVERY RANGE 
1150521 91.6% . so- 200 % 
2388861 94.5% 50-200% 
1775533 90.3% 50- 200 % 
1163446 93.8% 50- 200 % 
458787 92.9% 50 - 200 % 

PERCENT ACCEPTANCE 
CQNCENTRA TIQN BECQVERY RANGE 

9.62 96.2% 86-118% 
10.6 106% 88-110% 
10.1 101% 86-115% 
9.78 97.8% 80- 120% 

sec: r:\repons\cliems2~1\inlemalional_uranium_corp\casper_org\31916-1·19_8260b_chloroform_l·w.xls Analyst: -------rio 

, .. 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4-15 1'2-t fl '> 0 '4-c... pvu:rr to Date/Time Received: 

01-31916-15 Chlorohrt"m. we-Lls· ·.Date Analyzed: 

Liquid - WATER Date Reported: 

2 

ND - Analyte not detected at stDJed limit of detection 

03-25-01 

13:35 

04-02-01 10:00 

04-05-01 

April 14, 2001 

::'::m=::::::::=::::::::::::t::::::::::::::=~::::::I:::::::::::::::::::::::::::::::;::}::::::It:;::::::r:::::I:f:=:I:::::::f::i'}?!Y.IWlffi;g::Qy.@!g!~W.~tl.~¢H:::tm~P:uH:f!!Ifiiii::;t:I::::::::::f:(:!;t::::1:!limmi:;::::If:::::::t::':'::::::::::::=:::·,: 
ICAL/CCAL PERCENT ACCEPTANCE 

mn:RNAI. STANDARDS AREA AREA BECQVERY RANGE 

Pentafluorobenzene 1064856 1150521 

Fluorobenzene 2258935 2388861 

1,4 - Difluorobenzene 1624960 1775533 

Chlorobenzene - dS 1088081 1163446 

1,4 - Dichlorobenzene - d4 419852 458787 

SYSTEM MQNITQBING CQMPQIJNDS CQNCRNTRADON 

Dibromofluoromethane 9.47 

Toluene- d8 10.5 

4 - Bromofluorobenzene 10.1 

1,2 - Dichlorobenzene - d4 9.98 

METHQDS USED IN TIDS ANAI.VSJS: 

EPA 5030B, EPA 8260B 

sec: r:\repons\clieniS2001\internalional_uranium_corp\casper_or,g\31916-1-19_8260b_chloroform_J-w.llls 

92.6% 
94.6% 
91.5% 
93.5% 
91.5% 

PERCENT 
BECQVRRY 

94.7% 
105% 
101% 
99.8% 

50-200% 
50-200% 
50-200% 
50-200% 
50-200% 

ACCEPTANCE 
BANGE 

86- 118% 
88-110% 

·86 -115% 
80- 120% 

Analyst: flo -------

. 

,· ,. 

'. 



LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

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

Project: WHITE MESA MILL Time Sampled: 12:50 

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 Factor: 400 

ND • Analyte not detected at stated limit of detection 

,=:~:::;rit:t/:~;'',t}~:i{:t:~:~::i/:'ffJ!=:=;:=:ii1!i'':~'i'1i!tt::;;';;::::)@:;;;;'::'//Iir:::?;BYil.!.M~teP.~mH~l.f.$Y.&\.:N.ei.f::l§.t:liiM!i::;;lti!i1!!;';;;;:;:;;::;;;:;;;;;;;::;;:::;~:;:;;;::;;:;t:;;;I:i~;;f!i!I!:;;;;:;:;:;;;:::::;;I:':::: ::::=::::::::;::: 
ICAL I CCAL PERCENT ACCEPTANCE 

JNTERNAI. STANDARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1042084 

Fluorobenzene 2239095 

1 ,4 - Difluorobenzene 1612893 

Chlorobenzene - dS 1075862 

1,4 - Dichlorobenzene - d4 420445 

sysTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

MEWODS USED IN TinS ANALYSIS: 

EPA 5030B, EPA 8260B 

1150521 
2388861 
1775533 
1163446 
458787 

CONCENTRATION 
9.46 
10.4 
10.2 
9.98 

sec: r:\rcpons\clientS2001 \imemational_ uranium_ corp\casper _ org\3 I 916-I· I 9 _ 8260b _ chlorofonn _ l·w .xis 

90.6% so -200 % 
93.7% so- 200% 
90.8% so- 200 % 
92.5% so- 200% 
91.6% so- 200% 

PERCENT 
RECOVERY 

94.6% 
104% 
102% 

• 99.8% 

Analyst: 

ACCEPJ'ANCE 
RANGE 

86- 118% 
88 -·110% 
86-115% 
80- 120% 

rio . -------



LABORATORY ANALYSIS REPORT, EPA METHOD 82@ 
Volatile Organic Compounds 

Client: International Uranium (USA) Corporation 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: {)4-05-01 

Matrix: Liquid - WATER Date Reported: April 14, 2001 

Dilution Factor: 2 

ND - Analyte not detected at stated limit of detection 

::'::::::::::;::r:::::;::'::::Ii:f:t:t::::::::::::::;:I!ti!!'f!iti:~:::::::}:::::::::iff!:::::::::r;::::::I::::::::::u~mf.l.M.tt,!!Ilt.t~l%::J.\f.§.y~&,€:§::m.;enJ.x~r:::::::::::::I:::~r::::I:I!IIIt'!!i!!!!!i~::::Hil!l!iili!!Eiii!t:I:::::::::::::::;:::::; 
JCAL I CCAL PERCENT ACCEPTANCE 

INTERNAL STANJ)ARDS AREA AREA RECOVERY RANGE 

Pentafluorobenzene 1055347 

Fluorobenzene 2270030 

1,4 - Difluorobenzene 1618320 

Chlorobenzene - d5 1091563 

1,4 - Dichlorobenzene - d4 432256 

SYSTEM MONITORING COMPOUNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1,2 - Dichlorobenzene - d4 

METHODS USED IN TIUS ANAISSIS: 

EPA 5030B, EPA 8260B. 

1150521 
2388861 
1775533 
1163446 
458787 

CONCENTRATION 
9.61 
10.6 
10.2 
9.88 

sec: r:\rcpons\cl~cnl52001\intcmational_uranium_corp\caspcr_org\31916-1-19_8260b_chlorofonn_l·w.xls 

91.7% 50- 200 % 
95.0% 
91.1% 
93.8% 
94.2% 

PERCENT 
RECOVERY 

96.1% 
106% 
102% 
98.8% 

Analyst: 

50-200% 
50-200% 
50-200% 
50-200% 

ACCEPTANCE 
RANGE 

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

rio -------

;· 
,_,· 



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

Pentafluorobenzene 
Fluorobenzene 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation Date Sampled: 

WHITE MESA MILL Time Sampled: 

WMMTW4COMP Date/Time Received: 

01-31916-18 Date Analyzed: 

Liquid - WATER Date ·Reported: 

100 

ND - Analyte not detected at stiJted limit ofdetection 

1036677 1150521 90.1% 
2249534 2388861 94.2% 

1,4 - Difluorobenzene 1598837 1775533 90.0% 

Chlorobenzene - dS 1072649 1163446 92.2% 

1 ,4 - Dichlorobenzene - d4 416945 458787 90.9% 

03-30-01 

07:36 

04-02-01 10:00 

04-05-01 

April 14, 2001 

PERCENT ACCEPTANCE 
SYSTEM MQN.ITQBING CQM:fQlJNDS CQNCENTRA TION 

Dibromofluorometbane 9.44 

Toluene- d8 10.6 

4 - Bromofluorobenzene 10.2 

1 ,2 - Dichlorobenzene - d4 ·9.92 

METHODS USED IN THIS ANAI.YSIS: 

EPA 5030B, EPA 8260B 

sec: r:\repons\c:lien1S2001\intemational_uranium _ c:orp\c:asper _ org\31916-1·19 _ 8260b _chloroform _1-w.xls 

BECQYERY 
94.4% 
106% 
102% 
99.2% 

Analyst: 

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

rio -------

[-

·-



Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

Dilution Factor: 

LABORATORY ANALYSIS REPORT, EPA METHOD 8260 
Volatile Organic Compounds 

International Uranium (USA) Corporation · Date Sampled: 

WHITE MESA MILL Time Sampled: 

TRIP BLANK Date/Time Received: 

01-31916-19 Date Analyzed: 

Liquid - WATER Date Reported: 

1 

ND - Analyte not detected at stated limit of detection 

03-16-01 

16:10 

04-02-01 10:00 

04-04-01 

April 14, 2001 

:,:=':::'=:;=:=::::::;:~~:~=:::~:::~::::::~::::::::~:::;;!fi!F!!!!![@:::::=~:=::::::r::iir:::ttii!i:i:::r:I:'::!:~:\I'{:#Y.Nrl.M.J.l:iii!P.~m:~:\f.$fljji.N¢;g;:l&.f?:!tfl~::I::=:;~:;::::::;::::::Iiiii'i!i!i!ii~IIii!i:::tiii)!!ii!:::::::@:::::::::~::f::::r 
JCAL I CCAL PERCENT ACCEPTANCE 

UUERNALSTANDARDS AREA AREA RECOVERY RANGE 
Pentafluorobenzene 1191328 1150521 

Fluorobenzene 2452721 2388861 

1,4 - Difluorobenzene 1788376 1775533 

Chlorobenzene - d5 1218017 1163446 

1 ,4 - Dichlorobenzene - d4 491947 458787 

SYSTEM MONITORING COM:fQUNDS CQNCE~'fRATION 

Dibromofluoromethane 9.59 

Toluene- d8 10.2 

4 - Bromofluorobenzene 9.89 

1,2- Dichlorobenzene- d4 9.79 

METHODS USED IN TIDS ANAISSJS: 

EPA 5030B, EPA 8260B 

sec: r: \repons\cliems2001 \internalional_ uranium_ corp \Casper_ org\31916-1·19 _ 8260b _ chlorofonn _1-w .xis 

104% 
103% 
101% 
105% 
107% 

PERCENT 
RECOVERY. 

95.9% 
102% 
98.9% 
97.9% 

Analyst: 

50-200% 
50-200% 
50~200% 

50-200% 
50-200% 

ACCEPI'ANCE 
RANGE 

86-118% 
88 ~ 110% 
86-115% 
80- 120% 

rlo -------

'·· 



. LABORATORY ANAI,YSIS REPORT, EPA METHOD· 8260 
Volatile Organic Compounds 

Client: 

Project: 

Sample ID: 

Laboratory ID: 

Matrix: 

International Uranium (USA) Corporation 

WHITE MESA MILL 

Method Blank 

MB0404 

·water 

Dilution Factor: 1 

Date Sampled: 

Time Sampled: 

Date/Time Received: 

Date Analyzed: 

N/A 
N/A 
N/A 

04-04-01 

Date Reported: April 12, 2001 

ND - Analyte not detected at stated limU of detection 

::;;;::=::;=::::::t;::;:;::r:::::f::::}:::::::;:::;:::fi:rii:iJI:i:::::::::::~::i::~:::·~:::::::::::::::rr=:·=:=r:::::::r=:·i:fn.t.t&r!M.!!:::!2Y.4!4mt».S.$.Y.Itm«E=rtmB:ntm:I:r::::;I:f:::·::~t::::::::::f:t=:m;:!r::tjJi:;:J::::::~:::::::::::=Il:·:·:·,:,;: •. ::.::: .:: ..•••.....•..• 
JCAL I CCAL PERCENT ACCEPTANCE 

JNTERNAI. STANJ)ARDS AREA AREA RECOVERY RANGE 
Pentafluorobenzene 1184558 

Fluorobenzene 2435440 

1,4- Difluorobenzene 1782379 

Chlorobenzene - dS 1183537 

1 ,4 - Dichlorobenzene - d4 464888 

SYSTEM MONITORING COMPOllNDS 

Dibromofluoromethane 
Toluene- d8 
4 - Bromofluorobenzene 
1 ,2 - Dichlorobenzene - d4 

METiiODS USED IN TIUS ANALYSIS: 
EPA 5030B, EPA 8260B . 

1150521 
2388861 
1775533 
1163446 
458787 

CONCENTRATION 
9.53 
10.2 
9.88 
9.85 

sec: r:\repons\clienl52001\inlemalional_uraniwn_corp\casper_org\31916-1-19_8260b_chloroforrn_J-w.xls 

103% 50- 200 % 
102% 50- 200 % 
100% 
102% 
101% 

PERCENT 
RECOVERY 

95.3% 
102%" 

98.8% 
98.5% 

Analyst: 

50-200% 
50-200% 
50-200% 

ACCEPTANCE 
RANGE 

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

rio -------



Client: 

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

International Uranium (USA) Corporation Date Sampled: 03-29-01 

Sample Set: 01-31916-1 through 01-31916-19 Date/Time Received: 04-02-0110:00 

01-31916-17 s Laboratory ID: Date Analyzed: 04-05-01 

Matrix: Liquid - WATER Date Reported: April 12, 2001 

~=ttriw.fiNJU¥$.f.J.m.M'J~~~I!!~!iiiiiiiiiiiiiiiii!iiiit!i!!iiiii~i!~fi~I~:::::::t:II!t~::::~:::;m:~:::I:J::~tiillifii:Iifiiit:Ii:I1111II~litr:1itiiii!i@:::::li!iii!if!i!I~Iliiiti:Ittiiiif:tf@i{M!i!i:Im::M!MWttlW!M!iiW!Will!Ml!lNl!liii1t 
ICAL I CCAL SPIKED SAMPLE SPIKE DUPLICATE ACCEPTANCE 

AREA AREA .$! AREA Sil. RANGE 
Pentafluorobenzene 1150521 1025937 89.2% 1034958 90.0% 50-2.00% 

Fluorobenzene 2388861 2213431 92.7% 2237292 93.7% 50-200% 
1,4- Difluorobenzene 1775533 1595730 89.9% 1600008 90.1% 50-200% 
Chlorobenzene- d5 1163446 1065324 91.6% 1060181 91.1% 50- 200 % 

1,4- Dichlorobenzene-d4 458787 425066 92.6% 424488 92.5% SO- 200% 

~sr£teM::Mamt.ai.U&t.f:WiMi.iti~~,::t:::::iltjt::::::::r.tr:r:~:;:::;::i::::~~i~:::~lf:~~~t::~::::{:~~r:riEt:tiitii:lr:t;::::i:::riri::~:~:::::;~;~r:::ttttt:::::;:}::t::I:rt::@::::::m::::;~:wii:l:f::!lw=:@:~::::@~t~::wufWI'f::ii~=~t:W\i:t 
SPIKED SAMPLE PERCENT SPIKE DUPLICATE PERCENT ACCEPTANCE 

CONCEJ\"TRATJON RECOVERY CQl'S'CENTRATIQN RECOVEB:V RANGE 

Dibromofluoromethane 9.62 96.2% 9.57 95.7% 86-118% 

Toluene- d8 10.6 106% 10.6 106% 88-110% 

4 - Bromofluorobenzene 10.3 103% 10.4 104% 86- 115% 

1 ,2 - Dicblorobenzene-d4 9.95 99.5% 9.97 99.7% 80-120% 

CONCENTRATION ~ 1J&gLL) RECOVERY B..AtiGE 

Chloroform (Trichloromethane) 9.85 ND 10.0 98.S'AI 70- 130% .. · 
r-·-

:$f.rKe:~.f!W.:riitJ4~~~§i.(lti®.S.'':~ifftii.Jli!:i~::~ii:::i~!i~:Ii~:~:,:::~~:~~~:li~~~ii!~i~i~~l:~~:::}~:~~::~::~~:~::;:~:;;:':ii:i{!ii:~:i~t;~;;:~:~=~,:=~i~:::~:::~:~:~:~:::~J::::;:::~:~:=:::~::::::~::::;::::::=:!~::Q9nY:I!f~!!9P.:::qi§::~m£11:,J.~R:- 
SPIKE DUP ORIG. CONC. SPIKE PERCENT RPD 

COl'S'CENTRA]]QN iJ&glL)_ .(,&glL) RECoyE'RY 11m LIMITS 
Chloroform (Trichloromethane) 10.1 ND 10.0 101% 2.8'AI 20% 

MATRIX SPIKE· 

MATBTX SPIKE DUPllCAIE· 

':,,. 

0 of 2 Matrix Spike results are outside of established QC Limits 

0 of 1 Matrix Spike Duplicate results are outside of established QC Limits 

sec: r:\repons\clients2001\inlerna!ional_uranium_corp\casper_org\31916-1-19_8260b_chloroform_l-w.xls Analyst: rio -------

·;,; 
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Billings • Casper • Glllene 
Helena • Rapid City 

July I 0, 2001 

Wally Brice 

ENERGY LABORATORIES, INC. 
SHIPPING: 2393 SALT CREEK HIGHWAY • CASPER, WY 82601 
MAILING: P.O. BOX 3258 • CASPER, WY 82602 
E-mail: casper@energylab.com • FAX: (307) 234·1639 
PHONE: (307) 235.0515 • TOLL FREE: (888) 235-o515 

Int.emational Uranium Cotp. (IUC) 
POBox 809 
Blanding, Utah 84511 

RE: White Mesa Mill 

Mr. Brice: 

Order No: C01060297 

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

This packet contains one. invoice, thirteen pages of analytical results, one page of quality 
assurance data, the project chain of custody, and the sample receipt condition report. This packet 
contains 20 pages inc~uding 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 r~garding these test results, please feel free to call. Energy 
Laboratories, Inc. appreciat~s the opportunity to provide you with analytical services for your 
projects. ;:. 

Approved By: QAQC- Data Validation: 

COMPLETE ANALYTICAL SERVICES 



CLIENT: 
Lab Order: 

Project: 

Lab ID: 

Analyses 

International Uranium (USA) Corp-Blandin 

COI060297 

White Mesa Mill 

COI060297-001 Matrix: AQUEOUS 

Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 6000 

Surr: 1,2-Dichlorobenzene-<:14 99.8 

Suri: Dibromofluoromethane 111 

Surr: p-Bromofluorobenzene 102 

Surr: Toluene-dB 102 

Report 
Definitions: 

NO -Not detected at the reporting limit 

J - Analyte detected below quantitation limits 

ug/L 
%REC 
%REC 
%REC 
%REC 

B - Analyte detected in the associated method blank 

MCL - Maximum contaminant level 

QCL - Quality control limit 

Qual 

Report Date: 07/05/01 

Collection Date: 06/2110110:34 

Client Sample ID: WMMTW4-t· 

--·--·· 
MCU 

RL QCL Method 

200 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

Analysis Date I By 

06128/01 17:031 rio 
06128101 17:03 I rio 
06128/01 17:03 1 rio 
06128101 17:031 rio 
06128/0117:031 rio 

S -Spike recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

• - Value exceeds maximum contaminant level 

RL- Analyte reponing level 

Page I of 13 
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CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

Lab ID: C01060297-002 Matrix: AQUEOUS 

Analyses Result Units 

VOLA TILE ORGANIC COMPOUNDS 
Chloroform 5500 ug/L 

Surr: 1,2-Dichlorobenzene-d4 101 o/oREC 

Surr: Dibromofluoromethane 114 o/oREC 

Surr: p-Bromofluorobenzene 102 o/oREC 

Surr: T oluene-d8 100 o/oREC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/22/01 10:42 

Client Sample ID: WMMTW4-2 

MCL/ 
RL QCL Method 

200 SW82608 

80-120 SW82608 

80-120 SW82608 

80-120 SW82608 

80-120 SW82608 

Analysis Date I By 

06/28/01 17:46/ rio 

06/28/01 17:46/ rio 

06/28/01 17:46/ rio 

06/28/01 17:46 I rio 

06/28/01 17:46/ rio 

.... ----·--- .. ·---···-·--·-··-··------------------------· ---·-- ·-----··--·--·--
Report 
Definitions: 

NO- Not detected at the reporting limit 

J- Analyte detected belowquantitation limits 

8 - Analyte detected in the associated method blank 

MC'L - Maximum contaminant level 

QC'L - Quality control limit 

S - Spike recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

• - Value exceeds maximum ~ontaminant level 

RL - "Analyte reporting level 

Page 2 of13 



CLIENT: 

Lab Order: 

Project: 

Lab ID: 

Analyses 

International Uranium (USA) Corp-Blandin 

C01060297 
White Mesa Mill 

C01060297-003 Matrix: AQUEOUS 

Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 390 

Surr: 1,2-Dichlorobenzene-cl4 98.8 

Surr: Dibromofluoromethane 113 

Surr: p-Bromofluorobenzene 102 

Surr: Toluene-dB 101 

NO -Not detected at the reporting limit Report 
Definitions: J - Analyte detected below quantitation limits 

ug/(. 

%REC 

%REC 

%REC 

%REC 

B - Analyte detected in the associated method blank 

MCL - Maximum contaminant level 

QCL - Quality controllim!t 

Report Date: 07/05/01 

Collection Date: 06/21/01 09:04 

Client Sample ID: WMMTW4-3 

-- ~.- ·-.-··-· 
MCL/ 

Qual RL QCL Method Analysis Date I By 

50 SW8260B 06128/01 18:28 1 rio 
80-120 SW8260B 06128/01 18:28 I rio 

80-120 SW8260B 06/28/01 18:28 I rio 

80-120 SW8260B 06128101 18:281 rio 

80-120 SW8260B 06128/0118:281 rio 

S - Spike recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

• - Value exceeds maximum contaminant level 

RL- Analyte reporting level 

Page 3 of13 



CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

Lab ID: C01060297-004 Matrix: AQUEOUS 

Analyses Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 3100 ug/L 

Surr: 1 ,2-Dichlorobenzene-d4 100 %REC 

Surr: Dibromofluoromethane 113 %REC 

Surr: p-Bromofluorobenzene 103 %REC 

Surr: Toluen~d8 101 %REC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/20/01 09:36 

Client Sample ID: WMMTW4-4 

MCL/ 
RL QCL Method 

200 SW82608 

80-120 SW82608 

80-120 · SW82608 

80-120 SW82608 

80-120 SW82608 

Analysis Date I By 

06/28/0119:11/rlo 

06/28/01 19:11/ rio 

06/28101 19:11 I rio 

06128/01 19:11 I rio 

06128/01 19:11 1 rio 

------------·------·--·-·- . ··-···· --····--·--·-·-··-·· ·-··--
Report 
Definitions: 

NO - Not detected at the reponing 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 reponing level 

Page 4 of13 



CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

Lab ID: C01060297-005 Matrix: AQUEOUS 

Analyses Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 240 ug/L 

Surr: 1,2-Dichlorobenzene-d4 99.3 %REC 

Surr: Dibromofluoromethane 117 %REC 

Surr: p-Bromofluorobenzene 102 %REC 

Surr: T oluene-d8 102 %REC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/20/01 14:14 

Client Sample ID: WMMTW4-5 

MCL/ 
RL QCL Method 

10 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

Analysis Date I By 

06/28/01 19:53/ rio 

06/28/0119:53/ rio 

06/28/01 19:53/ rio 

06/28/01 19:53/ rio 

06/28/0119:53/ rio 

-------···--·-----···-
Report 
Definitions: 

ND- Not detected at the reporting limit 

J - Ana lyte detected below quantitation limits 

B - Analyte detected in the associated method blank 

MC'L - Maximum contaminant level 

QC'L - 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 

PageS of13 
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CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

Lab ID: C01060297-006 Matrix: AQUEOUS 
..... ··----·-····--·-·-···-----

Analyses Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform ND ugiL 

Surr: 1,2-Dichlorobenzene-cl4 100 %REC 

Surr: Dibromofluoromethane 114 %REC 

Surr: p-Bromofluorobenzene 102 %REC 

Surr: Toluene-dB 102 %REC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/20/01 09:58 

Client Sample ID: WMMTW4-6 

MCL/ 
RL QCL Method 

2.0 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

80-120 SW8260B 

Analysis Date I By 

06128101 20:36 I rio 

06/28101 20:36 I rio 

06128/01 20:36 I rio 

06/28101 20:36 I rio 

06128101 20:361 rio 

··-. ·------------- ·----··---··--·-----.......................... ·---·-··--··· .. ·--·------
Report 
Definitions: 

ND - Not detected at the reporting limit 

J. Analyte detected belowquantitation limits 

8 • 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 6 of13 



CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

Lab ID: C01060297-007 Matrix: AQUEOUS 

Analyses Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 180 ug/L 

Surr: 1,2-Dichlorobenzene-d4 101 o/oREC 

Surr: Dibromofluoromethane 112 o/oREC 

Surr: p-Bromofluorobenzene 103 %REC 

Surr: Toluene-dB 102 o/oREC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/20/01 12:55 

Client Sample ID: WMMTW4-8 

MCL/ 
RL QCL Method 

10 SW82608 

80-120 SW82608 

80-120 . SW82608 

80-120 SW82608 

80-120 SW82608 

Analysis Date I By 

06/28/01 21:19/ rio 

06/28/01 21 :19 I rlo 

06/28101 21 :19 I rlo 

06/28101 21:19 I rlo 

06/28101 21 :19 I rlo 

·····-··-· ------------------------------·-·· .. ---------------··· 
Report 
Definitions: 

NO - Not detected at the reporting limit 

J - Analyte detected below quantitation limits 

8 - 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 7 of 13 



CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 

C01060297 

Project: White Mesa Mill 

LabiD: C01060297-008 Matrix: AQUEOUS 

Analyses 

ORGANIC COMPOUNDS 
Chloroform 

Surr: 1,2-Dichlorobenzene-d4 
Surr: Dibromofluoromethane 

Surr: p-Bromofluorobenzene 
Surr: Toluene-dB 

---··---· 

Result 

59 
98.3 
112 

103 
102 

·--------· 

Units 

ug/L 

o/oREC 
o/oREC 
o/oREC 
o/oREC 

Qual 

Report Date: 07/05/01 · 

Collection Date: 06/20/01 ll:09 

Client Sample ID: WMMTW4-9 

·······-- .. -...... 
MCL/ 

RL QCL Method 

2.0 SW82608 
80-120 SW82608 
80-120 SW82608 

80-120 SW82608 
80-120 SW82608 

Analysis Date I By 

06128101 22:01 I rio 
06128/01 22:01 I rio 
06128/01 22:01 I rio 
06/28/01 22:01 I rio 
06128/01 22:01 I rio 

. .. . ·-·------ -·----------··------··---·--·-·--···. -·-·· .. -
Report 
Definitions: 

ND- Not detected at the reporting limit 

J- Analyte detected belowquantitation 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 8 of 13 



CLIENT: 

Lab Order: 

Project: 

Lab ID: 

Analyses 

International Uranium (USA) Corp-Blandin 

C01060297 

White Mesa Mill 

C01060297-009 Matrix: AQUEOUS 

Result Units 

ORGANIC COMPOUNDS 
Chloroform 1100 

Surr: 1,2-Dichlorobenzene-d4 98.5 

Surr: Dibromofluoromethane 113 

Surr: p-Bromofluorobenzene 103 

Surr: Toluene-dB 101 

---·-··-·----------
Report 
Definitions: 

ND • Not detected at the reporting limit 

J • Analyte detected below quantitation limits 

ug/L 

%REC 

%REC 

%REC 

%REC 

B • Analyte detected in the associated method blank 

MCL • Maximum contaminant level 

QCL • Quality control limit 

Report Date: 07/05/01 

Collection Date: 06/21/01 09:50 
Client Sample ID: WMMTW4-7 

-- ··-· -·~··-···-
MCL/ 

Qual RL QCL Method Analysis Date I By 

50 SW8260B 06/28/01 22:44 1 rio 
80-120 SW8260B 06128/01 22:44 1 rio 

80-120 · SW8260B 06/28/01 22:44 I rio 

80-120 SW8260B 06/28101 22:44 I rio 

80-120 SW8260B 06/28/01 22:44 1 rio 

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: 

Lab Order: 

Project: 

Lab ID: 

International Uranium (USA) Corp-Blandin 

C01060297 
White Mesa Mill 

C01060297-010 Matrix: AQUEOUS 
---··· -----·--· .. -- -------· --------·--·-- --- ··-

Analyses Result 

VOLATILE ORGANIC COMPOUNDS 
Chlorofonn 6300 

Surr: 1,2-Dichlorobenzene-d4 99.0 

Surr: Dibromofluoromethane 117 

Surr: p-Bromofluorobenzene 105 

Surr: Toluene-dB 101 

Report 
Definitions: 

NO - Not detected at the reponing limit 

J - Analyte detected below quantitation limits 

Units 

ug/L 

%REC 

%REC 

%REC 

%REC 

B - Analyte detected in the associated method blank 

MCL - Maximum contaminant level 

QCL - Quality control limit 

Report Date: 07/05/01 

Collection Date: 06/22/01 11:25 

Client Sample ID: WMMMW-4 

-.. --. --···· 
MCL/ 

Qual RL QCL Method 

400 SW8260B 

80-120 SW8260B 

80-120 · SW8260B 

80-120 SW8260B 

80-120 SW8260B 

Analysis Date I By 

06128/01 23:26 1 rio 

06128101 23:26 1 rio 

06128/01 23:26 1 rio 

06/28/01 23:261 rio 

06128/01 23:26 1 rio 

S - Spike recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

•- Value exceeds maximum contaminant level 

RL - Analyte reponing level 

Page 10 of13 



CLIENT: 
Lab Order: 

International Uranium (USA) Corp-Blandin 
COI060297 

Project: White Mesa Mill 

Lab ID: C01060297-011 Matrix: AQUEOUS 
--·····-· ·--. .... ~-·-- ···-----· ······-·--· 

Analyses Result Units 

VOLATILE ORGANIC COMPOUNDS 
Chloroform 320 ug/L 

Surr: 1,2-Dichlorobenzene-d4 97.9 %REC 

Surr: Dibromofluoromethane 116 %REC 

Surr: p-Bromofluorobenzene 102 %REC 

Surr: Toluene-dB 102 %REC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/21101 09:04 

Client Sample ID: WMMTW4-IO 

MCL/ 
RL QCL Method Analysis Date I By 

2.0 SW8260B 06129/01 00:09 1 rio 
80-120 SW82608 06/29/01 00:09 I rio 

80-120 SW82608 06129101 00:09 1 rio 

80-120 SW8260B 06129101 00:09 1 rio 

80-120 SW82608 06/29/01 00:09 1 rio 

··-··--·--· ------------------ ---·-----···--··-----·---------
Report 
Definitions:· 

NO- 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 11 of13 



CLIENT: 

Lab Order: 

Project: 

Lab ID: 

International Uranium (USA) Corp-Blandin 

C01060297 

White Mesa Mill 

C01060297-012 Matrix: AQUEOUS 

Report Date: 07/05/01 

Collection Date: 06/21/01 l2:11 

Client Sample ID: WMMTW4-ll 

--------------------- ... --·········-- --·- -··~·. ·-·· -·--· 

Analyses Result 

VOLATILE ORGANIC COMPOUNDS 
Chlorofonn 3.0 

Surr: 1,2-Dichlorobenzene-d4 102 

Surr: Dibromofluoromethane 118 

Surr: p-Bromofluorobenzene 103 

Surr: Toluene-dB 102 

. - .. ----------------· 
Rrport 
Drfinitions: 

ND- Not detected at the reporting limit 

J - Analyte detected below quantitation limits 

Units 

ugll 

%REC 

%REC 

%REC 

%REC 

B - Analyte detected in the associated method blank 

MCL - Maximum contaminant level 

QCL - Quality control limit 

MCL/ 
·Qual RL QCL Method Analysis Date I By 

1.0 SW8260B 06/29101 00:51 I rio 
80-120 SW8260B Oei29101 00:51 I rio -
80-120 SW8260B 06/29101 00:51/ rio 

80-120 SW8260B 06129101 00:51 I rio 

80-120 SW82608 06/29/01 00:51 I rio 

---------····--···· ---··--· -----·-·--··-- ··--------·-·------- ----
S - Spike recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

• - Value exceeds maximum contaminant level 

RL - Analyte reporting level 

Page 12 of13 
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CLIENT: 

Lab Order: 

International Uranium (USA) Corp-Blandin 

COI060297 

Project: White Mesa Mill 

Lab ID: COI060297-013 Matrix: AQUEOUS 

Analyses Result Units 

VOLA TILE ORGANIC COMPOUNDS 
Chloroform 960 ug/L 

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

Surr: Dibromofluoromethane 118 o/oREC 

Surr: p-Bromofluorobenzene 103 %REC 

Surr: Toluene-dB 103 o/oREC 

Qual 

Report Date: 07/05/01 

Collection Date: 06/22/01 13:50 

Client Sample ID: WMMTW4-Comp 

MCL/ 
RL QCL Method 

100 SVV82608 

80-120 SVV82608 

80-120 SVV82608 

80-120 SVV82608 

80-120 SVV82608 

Analysis Date I By 

06/29101 01:341 rio 

06/29101 01 :34 I rio 

06129101 01 :34 1 rio 

06/29101 01 :34 I rio 

06/29101 01:34 I rio 

·--. --···-··------- ------ ·-·· ... ·-----· ··-····- .. -· . - . ·- ·- ·-· ....... ···-·- ·-- ·-----------
Report 
Drfinitions: 

NO- Not detected at the reporting limit 

J • Analyte detected below quantitation limits 

8 • 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 
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CLIENT: 
Work Order: 

International Uranium (USA) Corp-Blandin 

C01060297 
ANALYTICAL QC SUMMARY REPORT Date: 05-Ju/-0 I 

Project: White Mesa Mill TestCode: VOC-8260-W-SHT 

Sample 10: Method Blank # 

Client 10: 

Analyte 

Chloroform 

Surr: 1 ,2-Dichlorobenzene-d4 

Surr: Dibromofluoromethane 
Surr: p-Bromofluorobenzene 

Surr: Toluene-dB 

Sample 10: C01060297-013A 

Client 10: WMMTW4-Comp 

Analyte 

SampType: MBLK 

Batch 10: R282 

Result 

NO 

9.99 
11.43 
10.29 

10.13 

SampType: MS 

Batch 10: R2B2 

Result 

Chloroform 13330 

Surr: 1 ,2-Dichlorobenzene-d4 9960 

Surr: Dibromofluoromethane 119BO 
Surr: p-Bromofluorobenzene 1 0390 

Surr: Toluene-dB 9B90 

Sample 10: C01060297-013A SampType: MSD 

Client 10: WMMTW4-Comp Batch 10: R282 

Analyte 

Chloroform 
Surr: 1,2-Dichlorobenzene-d4 

Surr: Dibromofluoromethane 

Surr: p-Bromofluorobenzene 

Surr: Toluene-dB 

Result 

13570 

10110 

12070 

10320 
101BO 

Quallners: NO- Not Detected at the Reporting Limit 

TestCode: VOC-8260-W-SHT Units: ugll 

TestNo: SW8260B 

POL SPK value SPK Ref Val 

1.0 

0 
0 
0 

0 

10 

10 
10 

10 

0 
0 
0 
0 

TestCode: VOC-8260-W.SHT Units: ugll 

TestNo: SW8260B 

POL SPK value SPK Ref Val 

1000 10000 956 
0 10000 0 

0 10000 0 

0 10000 0 
0 10000 0 

TestCode: VOC-B260-W-SHT Units: ugll 

TestNo: SW8260B 

POL SPK value SPK Ref Val 

1000 10000 956 

0 10000 0 

0 10000 0 

0 10000 0 

0 10000 0 

Prep Date: 

Analysis Date: 612812001 

%REC Lowllmit High limit RPD Ref Val 

99.9 
114 
103 

101 

%REC 

124 

99.6 

120 
104 
9B.9 

%REC 

126 

101 

121 

103 
102 

BO 
BO 
80 

80 

Prep Date: 

Analysis Date: 

120 

120 
120 
120 

612912001 

0 

0 
0 

0 

Lowllmit High limit RPDRefVal 

70 130 0 

BO 120 0 

80 120 0 

80 120 0 

BO 120 0 

Prep Date: 

Analysis Date: 612912001 

Lowllmif High limit RPD Ref Val 

70 130 13330 

BO 120 0 

BO 120 0 

BO 120 0 

BO 120 0 

Run 10: GCMS1-C_010628A 

SeqNo: 5880 

%RPD RPDLimit Qual 

0 

0 
0 

0 

Run 10: GCMS1-C_010628A 

SeqNo: 5894 

%RPD RPDLimit Quai 

0 
0 

0 
0 
0 

Run 10: GCMS1-C_010628A 

SeqNo: 5895 

%RPD RPDLimit Quai 

1.7B 

0 
0 
0 
0 

20 

10 

10 

10 
10 

s 

B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits Page I of I 

·;·;:·· ;.;~::: .'·.:.:·;.·;">. 
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1\II.I.IN<:!I,MT 
l'.n. Rn~· ,:tfi'Ut-c5•JIU71 
II.:!U Snnth 17t11 f~111Uit 

wmu HtJO. 7.f5-·I-IH'J 
,.,,In• .JIJfl·!5!·1\.fZ.'i 
1-·,,x .Jtlfi-2.~2-N'IIIfl 

·.~ .. 

CHAIN OF CUSTODY RECORD 

(:ASI'F.R, \V\' 
P.O. Box 3258 182M2) ll'tlll.< /IR/1-2.1.~-/IJ I J 
23'13 Snit Cn:ck Hi~hwoy IR2M II ,.,;,.,. Jfl7-2.l.'i-115/.'i 

Ftu- .107-2.14-/6.19 

!f. 

GII.I.ETI'F• W\' 
I Ill~ Wc>1 Fir<l Su,cc (82116) "'"'~ .l07-6R6-717J 

Fr<r .107-6112-4625 

P.O.# Project Name I Address 
~ -s 
01 
<ll 

-~ 
~ ==>I 

'9S1f 
Contact Name & Phone 

Cll § II.U.=f;t,,, l4~l.:fS-Z,t Zl I li 0 i 
I !Invoice to: -r-~~A 6 :::> lir ··~ .. 

\ i 
L 
Lab No. 

For Lab Use Only 
DATE I TIME 

u:::.. :::>r 
'Q(/)~ ... ~~ 
Cll:::o;Yl 

I ~, ~ 1-71 ~~~~ 
Reportto: ~ ' __ ~~~~-E ~~ 

SAMPLE I.D. Z."' 

MM;t...)~ -I 

tl--~ 

r.Rst> I W M r.1,. w <.\ ... -:J-
lvlvv I ,,,., I {}) MMfV\~--\ 

, 

j;:;:~ 
.!!!I'll 
~~I 
I'll·!:: 
CJ) ~I 

Received Date: 
login Date: 
Shipped by: I J...P'5; :2f1 
Shipping Bill#: --=---­
Sample Temp: \.5 oc 

IIF.I.ENA, MT 
P.O. Bnx ~6HK (5%11~1 
27114 Dillin~< A\'C.(5l)(~ll I 

b 
./!! 

J1 g. 
t! 

·ft? 
~ 
~ 

oF 

llllll.< H77--17!-1171/ 
\loit-.-1/'t<t -1111>--1-12-1171/ 

?!1""' (signatum) 
Date Time Received by: (signature) 2. Relinquished (signature) 

"hr(.,, 
U~oo- vf., 

~·;. ,- ,'.'·,'' 

Cust. No.:_. ----­
Custody Seal: 
Intact: 
Signature Match?: 

Yes/No 
Yes/No 
Yes/No 

If no - Reason: 

RAI'In Cll'\', Sll 
1'.0. Rn• 2~711 1577.,11 
6111 l'unnvoMMI1~771ll 1 

U'dii.!O .\ISH-t.71-1 !!.i 
fo/15-.1-1!-1!!5 
hiJJ •• I./!-/.IY7 

Comments, Special 
Instructions, etc. 

e,J.-·'1 



z \ )1 .... 
• Billings ENERGY LAB ORA TORIES, INC.'S CHAIN OF CUSTODY RECORD toll free 1-888-235-0515 

Rl.iA~ • Casper Mail Otrly: PO Box3258 • Casper, WY • 82602-3258 voice 307-235-0515 
• Gillette 

l~!:l•Zil:&O:•Tilli, • Rapid City 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 INSTRUCTIONS) 
Project Name I Location I Purchase Order II I Bid II .. Special Requests 
l!:1aQ<..,.~ "' Type of Analyses Requested -s 

'co 1 ~-' w s._ _ _,,.,. J •.ut.., k 1111......... 11\.,. 11 I P..I ..... .....J 11 

~ Cll 
,)-k.J- !'> "' 

&.;; ~-e 
,Name I Phone# I Fax# .) ~ ::s, 

?. .... ::.. 1:: 
l:S .e 

l),....,.J.T l.f'>"il.- /l't15·) b1Y- ,.,..., , ) C.li~S? h?'i"- oznv 
.... c,t:: .... 
~ s 

~ C)~\l 
u to 

Send Invoice to: :t"o.>C:.. . ~ :S:I ~ 
cu ~- Se.'"J ~-:-:~ ~ cu .... p.o. g.,.,._~ Q.) 'U ~ 

.~ ~ >C)~~ ~ c., 
E; 1..:..-! • """:) . u k...J.. '1tt.J-,, E ~~ C) Date Time E' ~ :i }~ dl 

>C) Send Report to: sc:...~.,.., 4.).~ <:~~ '\\ C) 1: ~I u '\II 
Comments, Special b.O 

~ ~ 
Sample J.D .. 

Instructions, etc. 
! 

"'/:z.,).,, O'ioV t/ W"""-l""'"i?V ~ 10 1·&J / 
"'/,.•lo I 12..1( v/ WoM wt 'tw '-t-11 3 -'-11 / 

~J,:·d~l ll.f.::> - , 
WV\1'\,....._TI,A) l( .. c.d-.1/1 '3 -tV ,/ 

Date Time Received hy: (signature) 2. Relinquished hy: (signature) Date Time Received hy: (sign:1ture) 

b!tr/,, 
U!ov 

3. Relinquished hy: (signature) Date Time Received by: (signature) 4. Relinquished by: (signature) Date Time 

)[!iJ 

' . ~ : .. ';·· ~ 



Energy Laboratories, Inc. 
SAMPLE CONDITION REPORT 

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

Client: International Uranium (USA) Corporation Description: WATER 
Lab ID(s): 01-33939-1 Thru 01-33939-14 Matrix: Liquid,Misc 
Delivered by: UPS Date&Time Rec 1 d: 26-JUN-01 1000 Date&Time Col 1 d: 21-JUN-01 1034 
Received by: Sara Hawken Logged In by: Tabitha Fassett 

Chain of custody form completed & signed: Yes Comments: 
Chain of custody seal: No Comments: 
Chain of custody seal intact: N/A Comments: 
Signature match, chain of custody vs. seal: N/A Comments: 
Sample received Temperature: sc Comments: 
Samples received within holding time: Ye.s Comments: 
Samples received in proper containers: Yes Comments: 
Samples Properly Preserved: Yes Comments: 

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

CoJI'Dllents: 



t=l~'(l,?;"j 
p;ttl•U&Il•UQV 

Billings • Casper • Gillette 
Helena • Rapid City 

ENERGY LABORATORIES, INC. 
SHIPPING: 2393 SALT CREEK HIGHWAY · • CASPER, WY 82601 
MAILING: P.O. BOX3258 • CASPER, WY 82602 
E-mail: casper@energytab.com • FAX: (397) 234-1639 
PHONE: (307) 235.0515 • TOLL FREE: (888) 235.0515 

LAB ORA TORY ANALYSIS REPORT 

Client: INTERNATIONAL URANIUM (USA) CORPORATION 
Contact: Wally Brice 

Sample Matrix: Liquid, Water 

Date/Time Received: 061261200110:00 
Report Date: July 11, 2001 

Laboratory ID Sample Date I Time Sample ID Nitrate + Nitrite as N, mgiL 

01-33936-1 06/2112001 10:31 WMMTW4-1 8.81 
01-33936-2 0612212001 10:38 WMMTW4-2 9.67 
01-33936-3 0612112001 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 06/2112001 09:50 WMMTW4-7 2.65 
01-33936-8 06/20/2001 12:51 WMMTW4-8 < 0.10 
01-33936-9 0612012001 11:00 WMMTW4-9 0.15 

01-33936-10 06/2212001 11:20 WMMMW4 9.02 
01-33936-11 06121/2001 08:58 WMMTW4-10 2.96 
01-33936-12 06/2112001 12:15 WMMTW4-11 3.19 
01-33936-13 06/2112001 12:17 WMMTW4-12 0.66 

Quality Assurance Data 

Method EPA 353.2 

Reporting Limit 0.10 

RPD1 0.0 

Spike2 97 

Analyst rwk 

Date I Time Analyzed 06/27/200114:18 

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

the reporting limit. This range is not applicable to samples with results below I 0 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 I 0 percent of all samples for each analytical method. 

msh: r:\reports\clients2001 \international_ uranium_ corp\liquid\33936-1-13. xis 
TRt:..Ci~![ :;; i :G. PAGE NO. 

COMPLETE ANALYTICAL SERVICES 

~: 



L«;t«e>7 
Received Date: Cust. No,;T/tf /C 
Login Dote: Custody Seal: Yes/No 

aaaucacsca»s& 
1'4 r:r.nr.:. tt-JrU:f. .. CHAIN OF CUSTODY RECORD Shipped by: I A.J' 5. Intact: Yes/No 

Shipping Bill #: . Signature Match?: Yes/No 
PLEASE PRINT OR TYPE ALL 

INFORMATION EXCEPT SIGNATURES 

Sample Temp: 5 o~ If no - Reason: 
t])ltoo:e '(Jrl~ ~~tJ [f;) 
. f 11 ~ fl-7 ::J'Ju{Jrtb~use 01 

Rll.l.INf;S. MT, '·' 
J•.n. n .. , Jl~llh c~9107c 
11~0 Snuth ~71h C!li•liUI' 

""""·' XOt'J-7.f5-.J.JIW 
,.,,,... -106-2.~!-h.f2.~ 

f"•tf -llltJ·2!iZ-fJtNW 

CASPF.R,W\' 
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GILI.F.TIF., WY 
I 105 West Fi1111 Slrecl (R271h) w•lc·c• .!07-~H6·7175 

Fm .107-~R2-4625 

P.O.# Project Name 7 Address 
~ 
£ 
01 

Contact Name & Phone Sampler's Signature 
Cll 

-~ 
~ ::::C! 

r~~~~~~~~~~~~~~"*~;rc~~c:----------------------------J~ ~ .s -~ 

Invoice to: :I."-C... !!! 0 ~ t::::::. ~ 

'fo '!o'C. sa~ 8 ~ :§!, 

~~A""' , Kf" !AS"t\ '0 (/) ~ ~~bl 
Lab No. DATE I TIME ~~~an~~~~~~--------_J~~~ I'" ;::, ·· o For Lab Use Only Report to: 

'o~t... 
t: :g_ CI)J 
~~ 
.!!!j 
~~I 
ru-~ 

(I) ~I 

IIEI.ENA, MT 
P.O. Dnx ShRR 151ll\ll.l I 
2711.1 Billings Ave. (~91~11 1 

1\lm.r H77-472-1171/ 
u,;,.,./Fux 406--1-11-0711 

RA I' Ill CIT\', Sll 
P.O. Bnx 2~71l 157711'11 
hi I, fa~nwnud ~5771111 

,,·,m~ o"'SX-fJ71-1~1.i 

,.,;,.,. IJid-.1-12-11!.~ 

F11x (~1.~-.14~-/.1~7 

Comments, Special 
Instructions, etc. 

·~-,~I ~:~ \ ~1.-·~'0 p·'l:21 wm~ ~~r~ _ I I I'\ I I I I I I I I I 
~.J' 

' .. ;:-;I n \ I I )'"'' IV"""" I w,-,, I I &IV I-T I I ,A, I I I I I I I I ~ I 
I.,' .J 

(,;II .;J I "l'~v 1-~':~l w~~· IIIIVT_l2 I I I" I I I I I I I ·'I I 
~~~~I ~~· / -'1 l77 v ~ I Wtr• M I IIV I • I I L\PI X I I . I I I I I .I . I 
;. ; 

'e':IJ/fhed (signature) I Date I Time· I Received by: (signature) 
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1-'tu ./ti/,.J.~2-Nih•l 

CHAINO~~DYRECORD 
PLEASE PRINT OR TYPE ALL 

INFORMATION EXCEPT SIGNATURES 

CASPER,W\' 
P.O. Rnx 325M IR21102J 
2393 Soh Cn.d Highway IK2tlllt"l 
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01 
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-~ 
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·c; 0 5 ~~~~~~~~LL~~~~~L-----~~~----------------------~~ <ll a ::l ~ 
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DATE TIME ~q:~ ~------~~~~~~~~~----------~~ •• 0 
Report to: 1:: l ~ 

Lab No. 
For Lab Use Only 
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<ll-

~~1 
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(/) q:l 

lttJ 
l&..J 

tw 

Received Dote: -----­
login Dote: 
Shipped by: 
Shipping Bill#: -----­
Sample Temp: oc ------

Cust. No.: -----­
Custody Seal: 
Intact: 
Signature Match?: 
If no - Reason: 

Yes/No 
Yes/No 
Yes/No 

For Lab Use Only 
HEI.ENA,MT 
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./ 
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1'.11. ""' 2~711 15771~11 
Mil l';on""""ll571111 I 

n-clfl~ ~"(.~S-()7~-1~1.i 
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Comments, Special 
Instructions, etc. 

... J I -I . .;t~~ .I I I I I I I I I I I I· I I 

... :) 

·· ··' I ·.-: .. : I I I I · I I I I I I I I I I 
-· ., I ;;) 

.. ;.)I : ·; I I I I ·. I I I · I ·I I I I I I 
,:::·) 

. ; ...... , 
.... .,:. 

• 
·:~.-_) t-...,.-----'!'-'-----'-~~-'---r-----::'----r-----:-:----r----~-----~-..------1.___--L _ _.__ .......... _-~-,-~.._-L....r-----''---J.._,._..,,t:;....;:"'-~-:--~~---.-...,._.--l 
:.:-· Date Time Received by: (signature) 2. 

6/zr-t1 
lt:oo- -1 .... 1 

c;-_.·, 



Energy Laboratories, Inc. 
SAMPLE CONDITION REPORT 

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

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

Chain of custody form completed & signed: Yes Comments: 
Chain of custody seal: No Comments: 
Chain of custody seal intact: N/A Comments: 
Signature match, chain of custody vs. .seal: N/A Comments: 
Sample received Temperature: sc Comments: 
Samples received within holding time: Yes ·Comments: 
Samples received in proper containers: Yes Comments: 
Samples Properly Preserved: Yes Comments: 

Bottle Types Received: 12-l60Z P NF H2S04 (A),2-l20Z P NF H2S04 (AB) 

Camments: ------------------------------------------------------------------------------------------------------------------------------~-------

,. 
(• 



Energy Laboratories, Inc. 

REPORT PACKAGE SUMMARY 

Acronyms and Definitions 

ELI-B Energy Laboratories, Inc. - Billings, Montana 
ELI-G Energy Laboratories, .Inc. - Gillette, Wyoming 
ELI-H Energy Laboratories, Inc. - Helena, Montana 
ELI-R Energy Laboratories, Inc. - Rapid City,South Dakota 

co - Carry over from previous sample 
ip Insufficient parameters 
N/A - Not Applicable 
NA - Not Analyzed 
ND - Analyte Not Detected at Stated Limit of Detection 
NR - Analyte Not Requested 
NST - No Sample Time Given 
NSD - No Sample Date Given 

FINAL PAGE 

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

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

Approved By: ~·~ 
S'T.IVI £ C .... -.3'!'C:~ 
~sSw~~·~· 

Reviewed By: 
~~ 

QuALITY AssuR-NCE OIRECTOII 

This is the last page of the Laboratory Analysis Report. 
Additional oc is available upon request.. TRACiWt? i·!O. PAGE NO. 
The r~port contains the number of pages indicated by the last 4 digits ") ") ,..,. ·~ r Q Q ("" ,-. Q r 
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LABORATORY ANALYTICAL REPORT 

Client: International Uranium (USA) Corp 
Project; 3rd Qtr CIW Sampling- White Mesa Mill 

Lab 1)): COl 090685-001 

Client Sample ID: WMMTW4-2 

An~Jyses 

--------------------
vocs 
Chloroform 

Surr: 1 ,2-0ichlorobenzene--d4 

Surr: Oibromoftuoromethane 

Surr: p-Sromofluorobem.:ene 

Surr: Toluene-d8 

Lab ID: C01090685-002 

Client Sample ID: WMMTW4:.3 

Analyses 

vocs 
Chlorofonn 

Surr: 1 ,2·Dichlorobenzene-d4 

Surr: Oibromofluoromelhane 

Surr: p-Bromofluoroben2:.ene 

Surr: Toluene-de 

LablD: COl 090685-003 

Client Sample ID: WMMTW4--4 

Analyses 

vocs 
Chloroform 

Surr. 1.2-0ichlorobenzene--d4 

Surr. DibromoHuorometl'\ane 

Surr. p·Bromofluorobenzene 

Surr. loluene-d8 

Result 

4900 

101 

93.5 
83.0 

95.6 

Result 

300 
102 
109 

8808 
96.9 

Result 

3200 

101 

107 

88.9 

96.5 

Report 
Defini(ioo&; 

ND - Not detected at the repotting limit 

MCL • l\llaximum contamiL'lllllt lc"cl 

Units 

ug/L 

%R.EC 

o/oREC 
%REC 
%REC 

Units 

ug/l.. 
%REC 

%REC 

%REC 

%REC 

Units 

ug/l 
%REC 

%REC 

%REC 

%REC 

L:~b Order: CO 1090685 

Report Date: 10/16/01 

Collection Date: 09120/01 10:S2. 

Date.Q.eceived: 09/2S/Oi 

Matrix: AQUEOUS 

MCL/ 
Qual lU.. QCL Method ~alysis Date I By 

Qual 

Qual 

---
400 SW8260B 10/04/01 00:56 I rh 

60·120 SW8260B 10/04101 00:58 I rh 

60·120 SW8260B 10/04/01 00:56/ rh 
80-120 SW~606 1 0/04101 00:56 I rh 

80-120 SW82606 10104/01 00:56 I th 

Collection Date: 09120/0'1 10:25 
DateRec:eived: 09/25/0l 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date 1 By 

10D SW82606 10102/01 22:30 I rh 

80-120 SW82608 10/02/01 22:30 I rh 
80-120 SW8260B 1010:V01 22:30 I rh 

80·120 SW8260B 10102101 22:301 rn 

80·120 SW8260B 1 0/0Z/01 22:30 I rh 

Collection Date: 09/20/01 IO:SO 
DateRecei1"ed: 09125/01 

Matrb;: AQUEOUS 

MCIJ 
RL QCL Method 

200 SWB2608 

BQ-120 SWB260B 

80-1:ZO SW6260B 

80-120 SWB260B 

80-120 SWB260B 

RL • Analyte reporting IJ:VCi 

QCL - Quality contl'tlllimit 

Analysis Date I By --
10/02101 23:11/1'11 

10102101 23:11 I rh 

10102101 23:111 rn 
10102/01 23:11/ rh 

10102101 23:11 J rh 

T:"". • ........... _ ~·"" ~·. !":t!"' ''· 
•. '~• '• •' o • • • • • • ''..1- I •' 

'"' ..... -, ...... , r~ .. ... ~ ~· 
:. 0 0 .1 o" • ; -; '..) 0 0 .. • tJ : 
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LAnORATORY ANALY'l'lCAL REPORT 

Client: International Uranium (USA) Corp 
Project: 3rd Qtr CIW Sampling • White Mesa Mill 

Lab JD: COI09068S-004 

Client Sample ID: WMMTW4-5 

vocs 
Chloroform 

Surr: 1 ,2·Dichlorobe~ene-d4 

Surr: Oibromofiuoromelhcme 

Surr. p-Bromofluorcbenzene 

Surr: Toluene-dB 

Lab ID: co 1 090685~005 

Client Sample ID: WMMTW4-6 

Analyses 

vocs 
Chloroform 

S1.1rr: 1 ,2-Dichlorcbenz:ene-d4 
Surr. Oibromofluoromelhane 

Surr. p-Brornonuorobenzene 

S1.1rr: Toluene-ciS 

Lab ID: C0109068S-006 

Client Sample ID: WMMTW4-7 

vocs 
Chloroform 

S1.1rr: 1 ,2-Dichlorobenzene-d4 

Surr: Dibrcmofl1.1oromethane 

surr: p-Bromofll.lorobenzene 

Surr. Toluene-dB 

Result 

240 

100 

92.5 

82.8 

94.3 

Result 

3.6 

99.0 

100 

86.9 

98.1 

Result 

1200 

98.9 

98.6 

88.7 

96.2 

Report 
Definitions: 

ND - Not detected ;:n the reportins limit 

1\IICL - Maximum contamin:mt level 

Units 

ugll. 

%REC 
%REC 
%RE:C 

%~C 

Units 

ugll 
%REC 
%REC 

%REC 
%REC 

Units 

ug/L 
%RI:O.C 

%RSC 
%R!;OC 

%RI:O.C 

Qual 

Qual 

Qual 

Lab Order: C01090685 

Report Date: 10/16/01 

Collection Date: 09/20/01 1 O:OS 

Date.Recei"cd: 09/25/01 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

20 SW82606 10/04/01 01:37 1 rn 
SQ-120 SW8260B 10/04/01 01:37 I rh 
80-120 SW8260B 1 0104/01 01:37 I rh 
80-120 SW82608 1 0/04/01 01 ;37/ rh 
8Q-120 SW62SOB 10104/01 01:371 m 

CoUection Date: 09120/01 09:16 

DateReccived: 09/25/01 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

2.0 SWS260B 10/03101 13:21 I rh 
80-120 SW6260B 1 0/03101 13:21 I rh 
80-120 SWB260B 10/0310113:21 I rh 
80-120 SW8260B 10/03101 13:21/ rh 
80-120 SW6260B 1 0/03101 13:21 I th 

Collection Date: 09/20/0110:43 

DatcReceived: 09/25/01 

Matrix: AQUEOUS 

MCL/ 
RL QCL Method Analysis llate I By 

100 SW8260B 10/0310114;02/ rh 
S0-120 SW8260B 10/03101 14:02/ rh 
BQ-120 SW8260B 10103/01 14;02 I rh 
BQ-120 SWB:Z608 10/0310114:02 f rh 
ao-120 SW8260B 1 0/03101 14:02/ rh 

RL - Arullyt.e reponing lcvo}J 

QCL • Quality conttollimit 

-:--, r _, ••.• .._. -'·"' 
~ : ... -. ·..~. - . . 
,, ·~ •~ ••• r:' I" (i 
_ • I • .; .: • ... • • \.I 

,..... ~~ l"Q ... ·- - . 
I I •,....:_ ~ f 

·· .. -. n ... 
. · .. j .. :: 
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LABORATORY ANAL \'TICAL R.EPO:R.T 

Client: International Uranium (USA) Corp 
Project: 3rd Qtt CIW Sampling- White Mesa Mill 

Lab ID: co 1090685-007 

Client Sample ID: WMMiW4-8 

Apalyscs 

vocs 
Chloroform 

Surr. 1,2·Dichlorobenzene-d4 
Surr: Dlbromofluoromelhane 

Surr. p-6rornofluorobenzene 

Surr: Toluene-de 

Lab ID: C01090685-008 

Client Sample ID: WMMTW4-9 

vocs 
Chlort~form 

Surr. 1 ,2-Diehloroberuene-d4 

Surt: Dibromofluoromethane 

Surr: p-Bromofluorobenzene 

Surr: Toluene-dB 

Lab ID: C01090685-009 

Client Sample ID: WMMMW4 

Analyses 

vocs 
Chloroform 

Surr. 1.2·Diehlorobenzene-d4 

Surr: Dibrt~tnofluoromethane 

Surr; p.Bromofluorobenzene 
Surr. Toluene-i:IB 

Result 

180 

99.4 

102 

87.8 

95.9 

Result 

19 

99.2 

92.1 

84.8 

97.3 

Result 

5300 
102 

102 

87.2 

96.7 

ftc port 
.Oclinitioos: 

NO - Not deteCted at the rcportins limit 

MCL - Ma~timum con!ll.minant level 

Units 

ug/L 

%REC 
%RE:C 
%REC 

o/oREC 

Units 

uQIL 
OfoREC 
%REC 
%REC 
o/aREC 

Units 

ug/L 
%REC 

%REC 
%REC 

%REC 

Qual 

Qual 

Qual 

Lab Order: C0109068S 

Report Date: 10/16/01 

Collection Date: 09120/01 09:46 

DateReeeived: 09125/01 

Matrix: AQUEOUS 

MCLI 
RL QCL Method Analysis Date Illy 

-~ 

10 SW6260B 10103101 14:4:3 I rh 

B0-120 SW8260B 10/03/01 14:43 'rh 
130-120 SWS260B 10/03101 14:431 rh 

80·120 SW62608 10/03101 14:43 I th 

ao-120 SW8260B 1010:3/01 14:431 rh 

Collection Date: 09/2.0/01 09;31 

DateReceived: 09/25/01 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

2.0 SW8260B 10104101 02:27/ rh 
80-120 SW8260EI 10/04101 02:27 I rh 
8Q-120 $W82608 10/04101 02:27' rh 

Bo-120 SW8260B 1 0/04101 02:27 1 m 
SQ-120 SW8260B 10104101 02:27 I rh 

Collec:tioo Date: 09/20/01 11:20 

DateReceived: 09/25/0l 

Matri:x: AQUEOUS 

MCU 
.RL QCL Method Analysis Date I By 

400 SW8260B 10103/01 16:041 ri'l 

BQ.-120 $WB2608 10103/01 16:041 rh 

80-120 SW8260B 10/03/01 16:04/ rh 

BCI-120 SW8260B 10/03101 16:04/ rh 

80-120 SW8260B 10/03/01 16:04/ rh 

RL- Analyte n:pOrting level 

QCL - Quality control limit 

,...., -•. . ~· ·~ :-:: ·-~ n .-. ~. n • 
_r .: '·' • • \) :. _: •J ·. 

.. 

,. 
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LABORATORY ANALYTICAL REPORT 

Client: Intemational Uranium (USA) Corp 
Project: 3rd Qtr CIW Sampling - White Mesa Mill 

Lab ID: COl 090685-010 

Client Sample JD: Trip Blank 

Lab 0l'der: C0109068S 

Report Date: 10/16/01 

CQllection :Pate: 08/22/01 10:20 

DateReceived: 09/25/01 

Matrix: AQUEOUS 

MCIJ 
Result Units Qual lU. QCL Method Analysis Date I By Analyses 

----~,~----------~--------...::....... 

vocs 
Chloroform 

Surt: 1.2·Dicnlcrobenzene-d4 

Surt: Dibromcfluorometh;;me 

Surr: p-Brorncfluorobenz:ene 
Surt: Toluene-dB 

NO 
101 

102 

66.7 

96.7 

R.:pon 
DefiuiliOIIS: 

NO -Not detected at the reportin8 limit 

M~L - Maximum contaminant levd 

ugil 

%REC 

%REC 

%REC 

%REC 

1.0 SW8260B 

60-120 $W8260EI 

60-120 SW8260B 

60-120 SW62608 

8Q.120 SW62606 

RL- Analyte reporting level 

QCL - Quality control limit 

10102101 16:59 I rh 

10/02101 16:591 rlt 

10102/01 16:59 I r1t 

10102/01 16:591 rlt 

1 0102/01 16:591 rh 

Y"l 'r•·r••,.. ·· -. ... , "'­............ ,, · · . :-. .- ,·~·.::!:.. tfO 
n .•. , .• ~. - ,., Q .... -
•• ·:. 1 : I · · ! : -. ... 
... . . -· • . ·~ I 0 · .. • 

:·:::'~ 
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ENERGY LABORATORIES, INC. 
P.O. BOX 3269 • CASPER, WY 82602 • 2393 SAL. T CREEK HIGHWAY • CASPER, WY 82601 
PH 0 N E (307) 235·0515 • FA)( (307} a34·1639 

CLiENT: 

Work Order: 
IntemationalUrnnium(USA) Corp 

CG1090685 
ANALYTICAL QC SlJl\IIMARY REPORT Date: 18-0ct-fJJ 

Project: 3rd Qtr CI\V Sampling - White Mesa Mill TestNo: SW8l60B 

Semple ID: Method Blank ft. SampType: MBt.K 

CllenliD: Ba\ch ID: R24411 

Analyte Result -
Chloroform ND 

Surr: 1, 2-Dichlorobenzene..()4 9.8 
Surr; Oibromofluoromelllane 10.12 
Surr: p-Bromoftuorobenzene 8.76 
Surr: Toluene-d8 9.6B 

Sample ID: Metllor:l Blank# SampType: MBLK 

CllentiD: Batch ID: R2451 

Analyte Result 

Cllloroform ND 
Surr: 1,2-Dlchlorobenzene..()4 10.13 

Surr: Dlbromoftuoromethane 10.33 

Surr: p-Bromofluorobenzene 8.59 
Surr: Toluene-de 9.6 

Sample ID: Methot! Blank# S11mpTyp.e: MB LK 

CllentiD: Batcl'l!O: R2461 

Analyte Result 

Ci'llorororm NO 

Surr: 1,2-Dlchlorobenzerle·d4 9.8 
• .':1 e~rr: Dlbromonuoromelhane 10.12 .. 
: -. ~~rr: p-Bromof!uorobe nzene 8.76 
Z,_: •• 

. ' l;i~rr; Toluene-d3 9.68 
•• • ... J ··-
~J j •·) 

~·.) 

0 
·..:...• 

...... ~- -.-.. 
NO -Not Dctcc!cd at !be Reporting Limil 

TestCode: VOC·82!10-W.SHT Unlls: ugtl 

TestNo: SW8260B 

PQL SPK value SPK Ref Val 

1.0 

0 

0 
0 

D 

10 
10 
10 
10 

0 
0 
0 

0 

TestCode; VOC..a260-W..SHT Ul'lils: ug/L 

TestNo: SW8260B 

PQL SPK value SPK Ref Val 

1.0 
0 

0 
0 
0 

10 
10 

10 
10 

0 
{) 

0 
0 

TestCode: VOC~260·W·SHT Ulllts: ug/L 

TestNo: 5W826CB 

PQl SPKvalue SPK Rerval 

1.0 

0 
0 
0 
0 

10 
10 
10 
10 

0 
0 
0 
0 

Prep Dale: 

Analysis Date: 1011(2001 

Run ID: GCMS1..C_011tt01A 

SeqNo: 4gsgs 

%REC Lovd.lmll Hil)hUmlt RPD Ref Va1 %RPO RPDlimlt Qual 

9B 
101 
87.3 
96.8 

BD 
eo 
ao 
ao 

P1ep Date: 

120 
120 
120 
12.0 

Analysis Dale: 101212001 

0 
0 
0 
0 

0 
{) 

0 

0 

Run ID: GCMS1-C_0110D3C 

Seq,No: 49751 

%REC Ltwd.lm1l HlghUmlt RPD Rer Val %RPD RPDI..Imll Qual 

101 
100 

85.9 
96 

BO 120 

eo 120 

80 120 
80 120 

Prep Date: 

Ana1ys1s Dale; 1lli3/2.CC1 

0 0 
0 0 
0 0 
0 0 

Run ID: GCMS1-C_D1HICI3C 

Sec;No: 49162 

%REC LowUmlt HlghLlmlt RPO Ref Val %RPO RPDtimlt Qual 

98 
101 

87.6 

9EI.8 

80 
00 
60 
6{) 

120 
12.0 
12.0 
120 

0 
0 
D 
0 

0 
0 
D 
0 

B • An11lytc detcc:lro in the assoeialc:d Mcthoo Blank 1,_) Q~;~mers: 
0 fT'l 

-.~ ... J - Anal)'te detected ~1ow quontilalion I i mils 

S - Spilre Recover)' outside aC(cp1cd recnvcry limi Is 

R - RPD o~ !side accepled recovery limi1s 
U) 0 

COMPLETE ANALYT1CAL SERVICES 

.. 

:z 
0 

"i 
c:> 
CD 
I 

c:> 

c:> ,.. 
~ 

"T1 ... 
~ 
I 

c: 
n 
aJ 
r­
> :z 
co 
:z 
t:') 

CD 
c:> 

CD ...... 
CD 

..... ..... ..... ,.. 

-t 
I 

Ul 
Ul 
Ul 

-u 
c:> 
c:> 
CD 

~ 
..... 
"T1 
I ...... ..... 

Ul 



l=tMI 
CLIENT~ 

Work Order: 

International Uranium (USA) Corp 
C01090685 

ANALYTICAL QC SUMMARY REPORT Date: 18-0ct-01 

Project: 3rd Qtr CIW Sampling- \VIrile Mesa Mill TestNo~ SW8260B 

Sample ID: Method Blank f# SampType: MBLK TesiCocle: VOC·B260·W.SHT Unlls: ugiL. Prep Date: Rtm ID: GCMS1-G_011003C 

Cller.tiD: Batch ID: R2461 Tas1No: SW8260B Analysis Date: 1 01412.001 SeqNo: 44l769 

Analyte Result PQL SPK value SPKRefVal %REC Lowtlmil Hlgllllmlt RPD Ref Val %RPD RPDLimlt Qual 

Ctlloror01m ND 1.0 
Burr: 1,2.01chloroberrzene-d4 10.16 0 10 0 102 80 120 0 0 
Surr: Dibromofluoromelhane 10.07 0 10 0 101 ao 120 0 0 
Sun: p-Sromofluorobenzene 8.43 0 10 0 B4.3 BO 120 0 0 
Surr: Toluene-dB 9.51 0 10 0 95.1 80 120 0 0 

Sample 10: C01051D6B5.Q09A SampType: MS Testeode: VOC·S2.B{I·W.SHT Units: ugll Prep Date: Run 10: GCPirS1.C_G11001A 

CllenllD: WrdMMW4 BatclliD: R2449 TestNo: SW8260B Analysis Dale: 1011J2ct01 Se.qNo: 49729 

Ana lyle Result PQL SPKvalue SPKRefVal %REC LOY.t.lmll HIIJhllmll RPD Ref Val %RPD RPDLimlt Qual 

Surr: 1 ,2·Dichlorobenzene-d4 9980 0 10000 0 99.8 8() 120 0 0 

Surr: Dlbromo1luorometh ene 9770 0 10000 0 97.7 so 120 0 0 

Surr: p-Bromonuoro!::Jenzene 8730 0 10000 0 B7.l so 120 0 0 

Burr: Toluene-dB 9620 0 1000[) 0 96.2 80 120 0 0 

Sample ID: C01090773.001A SampType: r.tS TestCode: VOC·B26CI·W.SHT Units: ugfl.. Pri!pOale: Run ID: GCMS1-C_0110D3C 

CllenliD: Balch ID: R2461 TesiNo: SWB261lB Analysis Date: 101212001 SeqNo: 49752 

Analyle Result PCL SPKvalue SPK Ref Val %REC LowLlmlt High Limit RPD Rer Val %RPD RPDtlmll Qual 

Chloroform 51.9 5.0 50 0 104 70 1lD 0 {I 

Surr: 1 ,2-Dichlorobe nzene-d4 5[).4 0 50 0 101 ao 120 0 0 

Surr: Dlbromonuoromelhane 52.75 {l 50 0 100 ao 120 0 0 

$4rr: p-Bromonuorobenzel'le 43.45 0 50 0 86,9 so 120 0 0 
'· ·") 

.:· ..... S~rr: Toluene-<IB 47.75 0 50 0 95.5 8() 120 0 0 

,:_J .• 'J . ..• .. ' 
'. J 

(.rE .,> 

- I ......... . . ' 
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;: : ·1 Quiilrfiers: 
• • ,L·• 

NO- Not Dc~eled al the Repe~nins Limil B - Analytc de1ecled in Lhc associ o.tcd Mclnod Blank 

'·. _J L~) 
C.") r11 

J - Anoly!c d~tecl~cl bclo\V quantiw1ion limits 

S- Spike Rcco\ocryoutside acceplcd recovery limils 

R • RPD outside acctpted recO'r'ery' lirnil!l 
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T«~ 
CLIENT: 

Work Order: 

Jnlernationa1 Uranium {USA) Corp 

COI0906SS 
ANALYTICAL QC SUI\11\1ARY REPORT Date: 18-0ct-01 

Projec(; 3rd Qtr CJW Sampling -White Mesa Mill TestNo: SW8260B 

Sample 10: C01CI90685-009A 

Cli&nt 10: WMMr.\W4 

Analy!e 

Chloroform 
Surr: 1,2·Dichlorollenzene-d4 
Surr: Dlbromofluoromethane 
.su rr: P· Bromonuorobenzene 
SurT: TofLtene-d8 

Sample ID: CCI1090695..(112A. 

ClreniiD: 

Analyte 

SampTypa: MS 

BalclliD: R2461 

Result 

16180 

9980 
gno 
8730 

9620 

SampType: MS 

Balch ID: R2461 

Result 

Chloroform 1047 
Surr: 1,2-Dfcl11oroo enzene.<f4 996 

Surr. 01 bromonuoromelhane 982 

Surr: p-Bromofluorobanzene 875 
Surr: Toluene-ciS 970 

Sample Ill: C01090BB5.(J09A SampTypa: MSD 

Client ID: WMMMW4 

Analyte 

Chloroform 

t :':, 

(_j'~ 

t.." .I 

Surr. 1 ,2-Dich!Dl'Obenzene-d4 
Surr; Oibromonuoromelhane ... , 
~Jlrr: p-Bromoftuorobenzene 

SUlr: Toluene-d8 ..... .. 
(j ~ .. J 
•••, I ..... ·~ , 
C> 

i) 

Saleh ID: R2449 

Result 

15750 
1{)031} 

9850 

8790 

9550 

.. - .. , '7.\o. 
·· · Qu•hnc:rs: ND • N~tt Detected at the Reporting Limit 

TestCoda: VOC-8260-W·SHT Units: uaiL 

TestNo: SWSZSOB 

POL SPKvalua SPK Ref Val 

1000 10000 5280 

0 10000 0 
0 10000 0 
0 10000 0 
0 10000 0 

TestCode: VOC-8260-W-SHT Units: uiJIL 

TestNo: SWB260B 

PQL SPK value SPK Ref Val 

50 
0 
0 
0 
0 

1000 
1000 

1000 

1000 
1000 

0 

0 

0 

0 
0 

TeslColla: VOC-8260-W·SHT Units: ug/L 

Tes!No: SW8260B 

PQL SPKvatue SPK Ref Val 

1000 10000 5280 

0 10000 0 
0 100<10 0 
0 10000 0 

0 10000 0 

%REC 

109 
99.8 
97.7 

87.3 
95.2 

%REC 

105 
99.6 

96.2 

a7.5 
97 

%REC 

105 
100 

98.5 
87.9 
96.5 

Prep Date: 

Analysis Dale: 10f3f2001 

Run ID: GCMS1..C_011003C 

SeqNo~ 49763 

Lowllmll Hlghllmll RPO Ref Val o/oRPD RPDUmlt Qual 

70 130 

80 120 
ao 120 
80 120 

80 120 

Prep Date: 

Analysrs Dale: 101512001 

0 

0 
0 
0 
0 

0 

0 
0 

0 
0 

Run 10: GC~IIS1-C_011003C 

SeqNo: 49770 

LO'.vl.lmlt HlghLlmlt RPD Ref Val %RPD RPDLimll Qual 

70 

BO 
ao 
ao 
8(} 

Prep Date: 

130 
120 
120 
120 
120 

Analysis Dale: 1 0/112001 

0 0 
0 0 
0 0 
o a 
0 0 

Run ID: GCMS1..C_CI11001A 

SeqNo: 49730 

L01ovl.lmlt Hlgi1Limil RPD RerVal %RPD RPDllmlt Qual 

70 130 
ao 120 
ao 120 
ao 120 
80 120 

16180 
0 
0 

0 
0 

2.69 
0 
0 
0 
a 

20 
10 
to 
10 
10 

B • Analyle detected in llie associated Method Bhmk 

J ·An ai)'!C detected below quantito.tinn limi1s 
0 •• J ;;") 

0 f11 

S • Spike Reco\'CI)' o~1side accepted recovery limi Ls 

R • RPO oulside accepted recovery limi1s 
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Lt:t•l 
CLIENT: 
Work Order: 

International Uranium (USA) Corp 
C01090685 

ANAL YTJCAL QC S~IARY REPORT Date: 18-0c!-01 

Project: 3rd QCr CJW Sampling- \Vhite Mesa Mill TestNo: SW8260B 

Sample 10: CD't090773-C01A 

Cl1en\ 10: 

Analyle 

Chloroform 
Surr: 1 ,2-DichlorobellZMe-114 
Surr: Dibrom~>lluorornethane 

S u rr: p-Br<mofluorobenzene 
Surr: Toluene-d8 

Sample ID: C010901!85.009A 

CllenliO: WMMMW4 

Ana lyle 

Chlororonn 

I .r-:1 

·····' 

Surr.: 1 ,2-Dichlorobenzene-<14 
Surr: Dlbromolluoromelhane 
Surr: p-BromoRuorobenzene 
Surr: Tolue!le-<18 

Sample ID: Cll109DS95~12A. 

Client 10: 

Analyte 

Chloroform 
Surr: 1 ,2·Dicnlorobenzer~e-d4 

Surr: Dlbromofluoromelhane 
"''l S:urr: p-Bromofluorobenzene 
Stlrr: Toluene.cJB .. r:J "1 

:.. ) ~· ~ 
; : l 

:·.) 

SampType: MSD 

Ba!ci11D: R24S1 

Result 

52.7 
51.9 

53.8 
44.15 

48.5 

SampType: MSD 

Batch 10: R2.4131 

Resu11 

15750 

10030 

9650 
S790 

9650 

SampType: MSD 

Batch ID: R2461 

Result 

1073 

1001 

1035 

870 
961 

TestCoda: VOC-82EIG-W.SHT Units: ug/l P1ep Date: Run ID: GCMS1-C_D1100lC 

TestNo: SWB26DB Analysis Oafe: 1D/2120C1 Seq No: 49753 

PQL SPKvalue SPK Ref Val %REC Lowllmit H!gh.Llmlt RPD RerVal %RPD RPOLlmlt Qual 

5.0 
0 
0 
0 
0 

50 
so 
50 
50 
50 

0 
0 
0 
0 
0 

TestCotle: VOC-B261>·W-5HT Units: ug/L 

TesiNo: SWS26DB 

PQL SPK value SPK Ref Val 

1000 10000 5280 

0 10000 D 
0 10000 0 
0 1000{} 0 
0 10001) 0 

TesiCode: VOC-82.6Q·W-SHT Units: ugll 

TesiNo: SW826DB 

PQI.. SPKvalue SPK Ref Val 

50 1000 0 

0 1DOD 0 

G 1001) 0 

0 1DDO 0 
0 1000 0 

105 

104 
108 

88.3 
97 

%REC 

105 
100 
98.5 

87.9 
96.5 

%REC 

107 

100 

104 

87 

96.1 

70 130 51.9 1.53 20 
ao 120 0 0 10 
80 120 0 0 10 
80 120 0 0 10 
ao 120 D a 10 

Prep Date: Run ID: GCMS1-C_011GI>3C 

Analysis Date: 1013/2001 SeqNo: 49764 

Lowl.lmlt HlghUmll RPD Ref Val %RPD RPDUmll Qual 

70 130 16180 2.69 20 

80 120 0 0 10 

80 120 0 0 10 

BO 120 0 0 10 
eo 12.0 0 0 10 

Prep Date: Run ID: GCMS1..C_011Q03C 

Analysis Date: 10/512001 SeqNo: 49771 

Lovil.lmlt Hlghllrnll RPD Ref Val %RPD RPDUmll Qual 

70 130 1047 2.45 20 

BO 120 0 0 10 

so 120 0 0 10 

so 120 0 (lo 10 

BO 120 0 0 10 

Ul 
:·. _j 

0 
· -.~·:'Q:u~i:;;:Hnl:e-rs::-: ---::::-::-:-:-~--:--:-:--:--:--.-.~~----------------------------------- -----

ND- Not Detected at 1hc Reporting Limit S- Spike Recovery outside accepled recover)' limils 

R - RPD oulsidc accc:pled recovery limils 

B- Analyle detected in 1hc associated Melhod Bl~rak 

.. ~~·· r:~ 
( ... :) l''l 

~.I J Ei 
J - Analytc dctccfo!l below qumntitation 1imi1s 
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l'!t~z-z,t-•'·Nll4* 

LABORATORY ANALYTICAL RE'PORT 

Client: International Uranium (USA) C01p 
Project: 3rd Quarter 2001 Sampling Event White Mesa Mill 

LabiD: co 1090647-001 

Client Sample ID: WMMTW4-l 

Analyses Result Units Qual 

NON-METALS 
Nitrogen, Nitrclte+Nitrlte as N 12.8 mg/1.. 

Lab ID: C01090647-002 

Client Sample ID: WMMTW4-2 

Analyses Result Units Qual 

NON-MET Al.S 
NitrOgen, Nibate+Nitrlte as N 11.4 mgiL 

Lab ID: C01090647-003 

Client Sample{)): WMMTW4-3 

Lab Order: C01090647 

Report Date: 10/04/01 

Collection Date: 09/20/01 11:02. 

DateReceived: 09125/01 
Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

0.50 E353.2 09126101 19:27 I IWk 

Collection Date: 09/20/01 10:55 

DateReceived: 09/25/0l 

Matrix.: AQUEOUS 

MCU 
RL QCl.. Method Analysis Date I By 

0.50 E353.2 09126101 19:29 I rwk 

Collection Date: 09120/01 10:30 
DateReceived: 09/25/01 

Matrix: AQUEOUS 

MCU 
Result 'UJlits Qual RLQCL Method Analysis Date I By Anruys~------------------------------------------------------~--------------~------~ 

NON--METALS 
Nitrogen, Nitrate+Nitrite CIS N 3.06 rng/L 0.10 E353.2 09/26/0119:33 I rwk 

Lab ID: C01090647-004 Collection Date: 09/20/01 10:50 

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

Matrix: AQUEOUS 

MCLI 
Analyses Result Units Qual RL QCL Method Analysis Date I By 

NON-METALS 
Nitrogen. Nittate+Nitrlte as N 14.8 

Report 
Definitions: 

NO - Not detetlcd at the reportins limit 

MCL - Maximum conmminant level 

mg/L 1.00 E353.2 

IU. - Analytc re!)Orting level 

QCL - Qualit)' control limit 

09126/01 19;39/ rwk 

'l '"' '- I ··~ :) --: ,. . ., 1 .. , 
:.. ; _ _; • .~ •• _I : I U . . I_ . 1_, ; : 

/.,-::. 
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~?!...9:-~Y':J ENERGY LABORATORIE5r INC. • 2393 Sah Cr6ek Highway (82601) • F.O. Box-..3?.58 • Casper; WY 82fj()£ 
L.!:IJ._~!~l! lOU Free 888.235.0515 • 30·. ''iOSTS • Fax 301.234.1639 • casper@energy/ab.~. · • • www.energylab.etJI1'1 

P:t#f•1;W•lc/10¥W 

LABORA TO!tY ANALYTICAL REPOR-T 

Client: International Uranium (USA) Corp 
Project: 3rd Quarter 2001 Sampling Event Whlte Mesa Mill 

Lab ID: C01090647-005 

Client Sample lD: WMMTW4-S 

Analyses ltesult Units 

NON-METALS 
Nitrogen, Nitr.ds+Nittite as N 2.10 mgll 

LabiD: C01090647-006 

Client Sample ID: WMMTW4-6 

Analyses Result Units 

NON-METALS 
Nitrogen, Nitrate+Nitrite as N ND mg/L 

Lab lJ): co 1090647-007 

Client Sample ID: WMMTW4-7 

Analyses Result Units 

NON-METALS 
Nitrogen. Nitrate+Nitrtte as N 3.38 mg/L 

LabJD: co 1090647-008 

Client Sample ID: WMMTW4-8 

Qual 

Qual 

Qual 

Lab 0.-der: C01090647 

Report Date: 10/04/01 

Collection Date: 09/20/01 10:10 

DateReceived: 09/25/01 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

0.50 E353.2 09126/01 19:41 I rwk 

Collection Date: 09/20/01 09:17 

Da.teReteived: 09/25/01 

Matrix: AQUEOUS 

MCL/ 
RL QCL Method Analysis Date I By 

0.10 E353.2 09/26101 19:43 I rwk 

Collection Date: 09120101 10:43 

DateRcceived: 09/25/01 

Matrix: AQUEOUS 

MCL/ 
lU. QCL Met bod Analysis Date I By 

0.20 E353.2 09126101 19:45/ twk 

Collection Date: 09120101 09:48 

DateReceivcd: og/25/01 

Matrix: AQUEOUS 

MCLI 
Analyses Re§nlt Units Qual RL QCL Method Analysis Date I By 

NON~METALS 
Nitrogen, Nilr.lte+Nitrite as N 0.35 

Report 
Definitions: 

ND • Not detected at the reponing limit 

MCL • Maximum con~minant lcv&:l 

mg/L 0.10 E353..2 

RL- Analytc: reponing level 

QCL - Qualit)' control limit 

09/26101 19:47 I twk 

7'"' ~ c·' , ...... -~ ~. ,_ •o 
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LUOR.ATORY ANALY11CAL REPORT 

Client: International Uranium (USA) Cotp 
Project: 3rd Quarter 2001 Sampling Event White Mesa Mill 

Lab ID: C01090647-009 

Client Sample ID: WMMTW4-9 

Analyses Result 

NON-METALS 
Nitrogen. Nltrate+Nitrite as N 0.40 

Lab ID: C01090647-010 

Client Sample ID: WMMMTW4 

Analyses Result 

NON~METALS 

Nitrogen, Nittate+Nitrlte as N 9.45 

Lab ID: COI090647-0ll 

Client Sample ID: WMMTW4-IO 

Analyses Result 

NON-METALS 
Nitrogen, Nitrate+Nilrite as N 2.32 

Report 
Dcfidiooos: 

NO -Not deteCted at the reporting limit 

MCL - Maximurn contaminant Jewel 

Units 

mg/L 

Units 

mgll 

Units 

mgll 

Qual 

Qual 

Qual 

Lab Order: C01090647 

lteport Date: 10/04/01 

Collection Date: 09/20/01 09:33 

DateReceiYed: 09/25/01 

Matrix: AQUEOUS 

MCL/ 
RL QCL Method Analysis Date I By 

0.10 E353.2 09/26/01 19:!SS I rwk 

Collection Date: 09/20/01 11;22 

DateRe~eived: 09/25/01 

Matrix: AQUEOUS 

MCL/ 
RL QCL Method Analysis Date I By 

O.!SO E353.2 09126/01 19:55/ rwk 

Collection Date: 09/20/0110:10 

DateRecei-ved: 09/25/01 

Matrix: AQUEOUS 

MCU 
RL QCL Method Analysis Date I By 

0.20 E353.2 09/26101 20;01 I twk 

RL- Analyte reporting level 

QCL - Quality control limit 

·,-:J~r··~·~:: .. _.., -:-ir:£ ~·o 
I lo. 1. ~·•' • • • t, ·~ • • :·o- •• • 
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6.5 
REDUCTION-OXIDATION POTENTIAL (ELECTRODE 
METHOD) 

Reduction-oxidation potentia) (as Eh): a measure of the 
equilibrium potential, relative to the standard hyd1·ogen 

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 practical measurement (see "Interferences and Limitations," section 
6.5.3.A) . 

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

..,.. 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 1 o-s 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). 

~Section 6.5.1 
1fReturn to Contents for 6.5--Reduction Oxidation Potential (Electrode Method) 
1t Return to Chapter A6 Contents Page 
1t Return to Field Manual Complete Contents 
1fReturn to Water Quality Information Pages 

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

11/08/2001 4:24PM 

::-: 
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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 oftbe 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 measurements1 

[mV, millivolt;±. plus or minus; j.1Sicm, mlc.roslemens per amtimell!r at 25 dE9rees Celsius] 

./ Mllllvolt meter or pH meter with millivolt rgadlng capability, praferably with automatic 
temperature compensator; 0. 1-mV sensitivity; scale to at least±1,400 mV; BNC connector 
(see Instrument specifications for pH meters, 6.4.1ln NFM 6.4) 

./Redox electrodes, either (a) platinum and reference electrode (calomel or sllvar:sllvsr­
ch lorlda) or (b) combfnatlon electrod!l 

./ El11ctrode f111lng solutions ( rgfer to manufactur11r's spaclficatlons) 

./Thermometer (llquld-fn-glass or thermistor type), callbratad (see NFM 6.1 for 
selection and callbratlon crlteria)-far use wlth mllllvoltmeters wlthouttemperaturg 
compensator 

r1 Flowthrough call with valves, tubing, and accessories Impermeable to alr (for usa 
with pump system) 

r1 Sampling system: (1) In situ (downhole) measurement \nstrum11nt, or 
(2) submerslbla pump (used wlth closed-system flowthrough cell). Pump tubing 
must be "lmparmeable" to oxygen. 

r1 ZoBe If's solution 

./Aqua rsgla or manufacturer's recommanded alactrode-claanfng solution 

./ llquld nonphosphate laboratory-grada detergent 

./ Mild abrasfva: crocus cloth or 400. to 600-grft wst/dry CarborundumTM papar 

./ Delonlllld water (maxlmum conductivity of 1.0 JIS~cm) 

./ Bottis, squeeze dlspenssr for dslonlzed water 

r1 Safety equlpment gloves, glasses, apron, chemical splll kft 

,f Papar tissues, dlsposabla, llnt free 

./Waste-disposal contlllnar 

1Modify thio liat to meet opecific- need& ofthe field effort. 

11/08/2001 4:25PM 
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CAUTION: The standard hydrogen reference electrode (SHE) can 
be dangerous and Is not recommended tor field use . 

..,. 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 ofK4Fe(CN)6 and 
K3Fe(CN)6• ZoBell's is reported stable for at least 90 days ifkept 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 K4Fe(CNk3H20 (Potassium ferrocyanide) 

1.0975 g K3Fe(CN)6 (Potassium ferricyanide) 

7.4557 g KCI (Potassium chloride) 

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

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

CAUTION: ZoBell's solution Is toxic-handle with care . .. 

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

6.5.1.A 
MAINTENANCE, CLEANING, AND STORAGE 

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

Maintenance 

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

Keep the 0-ring on electrodes moist during cleaning procedures . 

..,. 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. 

Ill- 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). 

Ill- 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 TM paper (Bricker, 1982) . 

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

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

Storage 

For short-term storage, immerse the electrode in deionized water to above the electrode junction and 
keep the fill hole plugged to reduce evaporation of the filling solution. The recommended procedures for 
long-term storage of electrodes vary with the type of electrode and by manufacturer. The Orion™ 
combination electrodes are stored dry after rinsing precipitates from outside of the electrode, draining 
the filling solution from the chamber, and flushing it with water (consult the manufacturer's cleaning 
instructions). The electrode connector ends must be kept clean. Clean them with alcohol, if necessary. 
Store the connector ends in a plastic bag when not in use. 

Some of the procedures recommended herein ror equipment operation 
may be out of date If the equipment being used Is different from that 
described or Incorporates more recent technological advances-foliO\'\! 
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. 

Jl> Before using, check that the ZoBell's solution has not exceeded its shelf life. 

Jl> Test the Eh equipment using the ZoBell's solution before and after field use . 

..,.. 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: Ereris the whole-cell potential ofthe reference electrode in ZoBell's solution. 

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

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

E0 = 430 m V is the standard electrode potential of ZoBell's solution measured against the hydrogen electrode 
at25°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 oftemperature. For 
those temperatures not shown on tables 6.5-2 and 6.5-3, interpolate the values. Add the value 

. corresponding to the solution temperature to the measured potential electromotive force (emf 
measurement). 
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Table 6.5-2. Standard half-cell potentials of selected reference electrodes 
as ;a function of temper;dure and potassium chloride reference-solution con­
centration, in volts 
[Liquid-junction potential included-multiply volts by l,ODOto c:ornert to millillolts; KCI, potil!!iium 
c:hlo mola · wluenol 

10 0.221) 0.216 1).214 

15 0.216 0.212 1).2119 

20 0.213 0.208 0.204 

26 0.2119 0.206 11.1119 

30 0.206 0.2111 II. 11M 

36 0.202: 0.100' 11.11& 

40 o.ue 0.193 0.184 

Odified 1101'1'1 l.AIIgl'l'llllt [19711. 
~Modi6ed flam liMes (100'~. 

0.280 11.256 0.254 0.2!36 

11.251 0.253 

0.257 0.252 0.24B 0.249 

11.256 11.250 0.248 11.244 0.248 

11.253 11.248 0.244 11.241 0.242 

B.23B 0.238 

0.249 0.244 0.2::B 0.234 0.234 

sNo ld&Uo m (1971111nd D.IC. Nordanow~ u.s. Geolog ielll Sut'o!I!Y, wrlh!fl comm~ •• 19!l6; lhe hlll·tell 
poretlllaltcale!M&.red nom Nortlsuom[19711 are recommended wherlhaflthe \lalues rrorn C!Weau(10041 
clfed In~~~ lhtit ~n>etli. manual provl:led b)'ihe Orion Cb mpaftV becDute Nordllro m~ vallll!!> were dewlaped 
11-pedlli:llll'l' b I the DIIOJi"' 98-18 not! ox o>leeilade and ptO\Il:li> g r;;Met *iCilii>CII' 61ld pte<:ii.IOJI, 

4orloll"" marufat:rurer tl!!l!tll'l'lmends thM b t samplelitllllliafis wlih totallohiC Wellgth e:o!:i!l!d ll'lg 0.2 
molllt [lor e.xarnple, st.awllfl!!rl. us,; a 4M K!;l-satul'lltt<d lillirtg so hAlon [usually supplied wlfh rhe Orlo rl'"' modi!!l 
97· 79 eleeirodo+ and the hd·""ll pciemlali- sh.-n abo..,. br the. llllv;,r:llllver chloride tal11rated !CCI relorence 
i>IO!CIIOdi!. · 

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

12 462 28 423 

14 457 '30 418 

16 4~ 32 416 

18 448 '34 407 
2) 443 '36 402 

22 4'38 '38 '!/iT] 

24 433 40 ?93 
25 4:!10 

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 
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wipe) excess moisture from the electrode. 

4. 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. 

• Add enough solution to cover the reference junction . 

• Allow 15 to 30 minutes for the solution and sensors to equilibrate to ambient temperature. 

5. Stir slowly with a magnetic stirrer (or swirl manually) to establish equilibrium 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. 

6. 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 . 

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

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

7. 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+ Eref 

where: 

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

emf or Emeasuredis the electromotive force or potential (in millivolts) ofthe water measured 
at the sample temperature, 

Erefis 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, 

• Measured temperature = 22°C 

• emf= 238 mV. 

b. Check table 6.5-2. The interpolated reference potential= 202 mV for Ag:AgCl-saturated 
KCl at22°C. 

c. From Eh = emf+ Eref 

Eh (ZoBell's) =238m V + 202 m V = 440 m V. 
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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 solution-do not use solution past Its 
expiration date. 

Eh Data Record 

Equipment Test Procedure 

Equipment description end identification (model end serial snd/cr W num berh 

Mm~--------------------·-----------------------·------------
Eh electrode -·------------- Reference electrode -------------

ZeBell's solution: Lot# ___ _ Date: prepared _____ expired ___ _ 

1. Tern perature cfZoBell's solution: 

(after equilibration to em bianttam perature) 

2. Observed potential (in m illivolta) of ZeBell's 

relative tom assuring electrode, at 

Before sample Eh: After aemple Eh: 

T = -----------

ambient temperature (Emaesurad or em#): emf= -·-------

3. Reference electrode potential Cin millivalts) 

at ambient tern perature from table 6.!i-2 

CErsf): Erat= -----------

4. Calculate Eh ofZoBell's: Eh = emf+Eraf Eh= --·--------

5. Theoretical pctential (in millivolts) 

ofZoBell'a at ambient tern perature 

from table 8.5-.'3: Eh (theoretical)= -------

8. Subtract calculated Eh from Eh theoretical 

(Zobell'sHetsp 4 minus step 5') AEh= ---------

1. Check: is AEh within± 5' mV1 Observations:----------------

Figure 6.5-1. Eh data record: equipment test procedure. 

I:'VSection 6.5.3 
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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). 

111- 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. 

Jllo. Water samples cannot be preserved and stored for the Eh measurement. 

111- 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 
species from the water. 

Measure Eh in situ with a submersible instrument or use an airtight flowthrough system. 

First: 

1. Record the type of reference-electrode system being used (fig. 6.5-1). 

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

3. Keep the electrode surface brightly polished. 

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

Next, measure the Eh and complete thefieldform (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 
record the time lapsed. 

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

• Record the pH and temperature of the sample water. 

3. Switch the meter to the millivolt function. 

• Allow the reading to stabilize (±5 m V) . 

• Record the value 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. 

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

• 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 ZeBell'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 

rield Measurements 

FieldEh 

1. Temperatu rg and pH of sysmm measured: T = 

pH:---

2. Time to thermal equilibration: 

Measurement began at --­

Measurement end ad at ---

3, Measured pomntial ofwat:Gr system (mV): emf= 

4. Reference electrode pomntial mV of ZeBell's 

at sa mpl a temperature: 

5. Calr.ul am sample Eh: 11rrl + E rsf 

(add step 3 +step 4): Eh =---

6. Field measurements should agrgewithin about 10 mV. 

Fiald Eh1 

Observations:----------------------

1Tt18 second nEasurement islli!CI!Ii&ary fur quality mrtrol. 

figure 6.5-2~ Eh data record: field measurements. 

7. Quality control--Repeat the measurement. 

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

6.5.3.A 
INTERFERENCES AND LIMITATIONS 

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

..,. Hydrogen sulfide can produce a coating on the platinum electrode that interferes with 
the measurement if the electrode is left in sulfide-rich water for several hours 
(Whitfield, 1974; Sato, 1960) . 

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

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

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

TECHNICAL NOTE: Misconceptions regarding the analogy between Eh (pe) and pH as master variables 
and limitations on the interpretation ofEh 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 ofhydrated protons. Eh may be expressed as pe, the negative logarithm of the 
electron activity, but conversion tope offers no advantage when dealing with measured potentials. 

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

• The practicality ofEh 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 assigned 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 (M1(aq) = Ml1(aq) +e-) is 
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where: 

R = gas constant; 
T = tern perature, in degrees kelvin; 
n = number of electrons in the half~ceU reaction; 
F = Faraday constant; and 

a1MI, 1 and a11Mf,.
1
= thermodynamic activities of the free ions M1~ 

1 
, 

11 
, ~ and MI1f, 

1
and not simply the analytical conce:-

trations 
11
of total Min oxidation states I and 11, 

respectively. 

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

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

~ Check the voltage of the batteries. 

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

Table 6.5-4. Troubleshooting guide for&. musurement 
[±, plus or minus; mV, millivolb; e"mf, electromotive force] 

Eh of ZeBell's solution 
exceeds theoretical by 
±5mV 

Excessive drift 

Erratic performance 

Poor rae pen se when 
using paired electodes 

Check m star operation: 

• Use shorting lead to establish mater reeding et zero mV. 

• Checlqteplsce batteries. 

• Check against backup m star. 

Check electrode operation: 

• Checkthst electrode reference solution level is to the 
fill hole. 

• Plug questionable reference electrode into reference 
electrode jack and another reference electrode in good 
working order of the sam a type into the indicator 
electrode jack of them star; imm eras electrodes in e 
potassium chloride solution, racord mV, rinsa off end 
imm eree slectrodse in ZeBell's solution. The two mV 
reedings should be D ± 5 mV. If using diffsrent else> 
trades (Ag~gCI end Hg:HgCI2), reading should be 44± 
5 mVfor a good reference electrode. 

• Polish platinum tip with mild sbreaivs (crocus cloth, 
herd eraser, or a 400-600-grit wetfdry Carborundum""' 
paper), rinse thoroughly with deionized water. Use a 
Kimwipem it these sbresivss are not evsileble. 

• Drain end refill reference electrolyte chamber. 

• Disconnect reterence electrode. Drain and ref~ I electro­
lyte cham bar with correct filling solution. Wipe off 
connectors on electrode and m star. Use backup 
electrode to check the emf. 

• Read emfwith fresh aliquot of ZeBell's solution; 
prepare fresh ZeBell's solution if possible. 

• Recondition electrode by cleaning with aqua regis and 
renewing filling solution-thia is alaat n!BDft. 
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6.5.5 
REPORTING 

Report the calculated Eh in m V to two significant figures. 

Potentials are reported to the nearest 10 m V, along with the temperature at which the measurement was 
made, the electrode system employed, and the pH at time of measurement. 
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Qualifications for Series 4a Speclflcations (continued) Hydrolab Technlca' Note 2.04 

{1} 

{2) 

(3) 

(4) 

{~) 

{6} 

(7) 

laJ 

(9) 

{\0) 

(11) 

{12} 

(13} 

(14) 

(16) 

(16) 

Rei'POII4ie time Is the tlmetequlred for a mea•uremllllt lD aoccmpllllh 95% ot a ltep-<:han;e In only that measurement far Ins tinea. !llha temper•I.'Jra cha~d sudc!!lnly from 251C lo 35"C, teiT(>IIrature•s tlma tespcnse would 
be the time Tequl~ fer the r&acling to charlie to 95% (~·~5) .. ;l6=' 34.!5"C. 

Stllblli\y 11 a ma;ltlprt~bo't ability to read wlthln ~I& ~A:C:UIBC)Iapeclbllon•ln the &am~~ standard ulllld fee calll:f811on. Certain •ltlsaU»n& can adllera'ly afflcl stlblnty. For example. 11 relere~ e~ aoa!led for a month in •sery 
law Spec:Lftc Co~ua.noo waler oannllt ccclnar1ly be eXpected ID llfOdiOU •=•.mte pH (or Radell o~ ISE) raadlngs. Slrri.lBrly. 11 DO prcbe ocnrad wlll'l adlw algu Is not l~eLy lo produce aecLII'ii\B DO readlng1. Tha slabili1~ 
apeaflcaUons are baaed on an anal)lllll oft:''llawor elee.lronlca and ncl on direct lelllng, ~acauae of the difficult:,- In appl·~ln; such a test\o spec:lftc field condltiDM. 

H)'drolab's standard 1hermlrtcr provides :1: C.1!51C ac:curac:r wol'lt cas a and :t 0. 1ll"C uslrlg 95% Certainty (m011 probable arror) mllhcd for Clllcula1ina accul'iC'/. Thla meana thai mat than 95 out cf 100 mulliprcbes wlll meat 
lhu 0.1o•c rpscl~catlon. 

Tha four ~as {0 t.o 0,1999,0.210 1..5, 1.5 to 16, and 15 1o 1lll) mSJcm} 11'8 changed. a~Mma~cally {aumran;ed) to pro~e !he maatcllglts avlll&ble. . 

The 4 dlgll rnolutian tor 51181)'rflc Col'ld·~r..:e dapend.l en wdicn of tha lour aulomallca11~ •lact.d ranges a,..l" usa. For instal1ce, a r&lidlng of ll.1S mSJan waWl be dl1played u . 1 300: resolulkln would be tenlhousandlhs 
af mS~ A Specific Ccndu.ctance of t0.157 mS/crn v10uld bo dliplayed as 10.1 B; resoluton would be to hundred1tla of mSicm. If \tl.e. optional oUipul, liS/em, Is chosen, tne fe&Oiullon ror Specific Conductance o,...r 999B 
IJS.Ic:m will 'be four digiti, 'ttlth a zero added as the lut (1l1ttl) digit .. 

The lamperatu,.. corni)Onsation for Spei:lflc Ccn.ou~a~ can be dlaablad aeslly 1f 'ra>'f Condudlvlt~ readl~• are 1"16eded. 

The Sallnl\~ accuracy Is enhanced when t'na system 'a a~nbrallldllcr Sallnity ((natea<l of Spv.lflc Cor'ICII.u:tanc:a) near \hoe exp61:1ed Held ·;aiL-e&. 

Although th• muiUprobe will moasure the full 0 to 14 ;mit pH ra~e. It Is no~ reconsr~Bnded t"hat ths &eniKiri be exposed lo pH ol(lrerne& outslde the 2 to 12 Will range, 

tho pH accuracy Is vel';d fQr wateli of Sped. fie Condu::lllnr:e g~aater ll'lan 0. 2 mSICm. w'nen using H>'drcl&b'& standard, rebuild able rlrterac"'oe eleckOde. Thls aocurac:y can be ctcllna~ me\ In YlfY frech Yta\en (Speclftc 
CQndL.-ctanca len 1han 0.2 mSic:m) L! )IOU use Hydr-:llllb'• op!Sclnal US REF ('.cw l~nl; r;;trq,ogth) reference e'.ectrode and follow >'ery particular rr.alntenanoe and calit:ra1lon l)rccedures. Ttia LIS REF reference eleclroda Is r,ol 
relllleble. 

¥men opera\ild e.t Lamperature of callt:raUon and callbrale:l '1111h turbld ·free water and a Forrnazin standard of 76% of rarlga. Typlcali.elftj)llrature coeftl~nl. is -4l.26 NTUIC". 

Respcr~se \lma I~ leas !han ten 1econds. with a~are.g 1ng disabled, but requlras 1tirty &aconds after pow•r-up. The m~XIrTII.Im me 'ling avera;etl:ne Is 60 seconds for a 'HOI'lltc&M te$p0nsa Umo of9G HODnds from poolt-er-up. 

Turbldltf measurement Is diYided 11'110 two range~: 0 lD 100 and 100 to 1000 ~ru. Readln;a are morv ac:wrate In t'ne range In \'otllch callbrat1on 1~ made, a& shown !n the chart below. Tha chart also shews the readln;s are 
111ore accurate when made at tha temperatur• of calibra11on. 

at cal tDmp 

no1 at cal tem? 

% renge on 
eel range 

:1:6 

110 

% rarveon 
ncn-Q.I tanga 

:t10 

:I:U5 

The Redox accura~y refwl to INa elacl:tcdo vol1age. AcWal readll'lllllo ate aubje~t 10 slow alaetrodeaquillbrallon Umes and uncertainty In meesuremen\ 1haDf)' and callbfatlon. A typiCIII as-maas~red eccurac)' might b& ~ 50rnl/, 
Acc.l;racy Is aided. In Yei'J fresh watera (SpeCifiC Concfuctlnoe ltlesa thal'l !1.2. mSianl b~ Hydrolab'a cptlcnal LIS REF raferenoo elemda (•~~~ foot~ oil! 9). . 

A.ln!Nfer ll:andaro I• a calibration &OlutKln or stan&lrd grade~ by anotl'ler moasuraman\ mell'lcd, IUCh aa cllemlcal Ulra~on {e.g. Winkler}. In 1l'lB ca&e at RedO)(. a lranafer r;llmclard miQhl be a &Oiulion measured t;y a tl'uatec 
labcratocy pH-ml/ me tar. fer m1ny PU!llollls, ~Is ncl neool&ary to r:aUbrate RedQX. at a~. 

The erne required for a Redox se~or Ia respond~ a •tap-<:1-.ange In Redox I• highly Yeriabla ard depefld& on tha candlllcn of lhe ~~of the 91att~um·eloc:1tode a.nd on U>e <ilrectlan of tha ~tap-change. Because n!$ponse 
~me lallltlo ilffllctsd by non-Redox aonsor ltiiCil&, 5UC"h aa a~Kttonlc c!.ei;gn or 1he effects al olh.e:r aensore. the respcme time -:lf 1-'lydrclab's Red~ •e.n60r 'a vlrtual~y 1he same aa lhat a! eUler Redox-MW~sutemen.~ in&1ru!flwlls. 

Wplcal ~. A!MI~um: :1:6% of readlr.g, or t 2 ~-N, ww.hever Ia gre&Lor. t.llninv.zm 1\ccuracy: 1: 1otk a( reading. or t '2 mQIL.-N, whlc"ha'l'ar lr. ;11111\er. Sath a~wacy spaclbtlon• ene at tempere\une of callbrall.on 
wl1h no lnterlet1ng lona. lntelfer1ng Ions artlftclally lncteasa tho ammonium reading I& !ollc'HS~ 

ln\elfeMg '\ mg/L.·N 
I on lnterfera~ 

K+ 13m;fl. 
Na+ 1,3!)0 mgJ\. 
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Quallflcatlons for Serles 4a Speclficatlons (cQntinued) Hydrolab Techn1cal Note 204 
TyPtcal Accuracy. Am11'1Q111a: :1: :27% of teadl~. or t 2 mg/L-N, whlc:hever Is llrB&tsr. Minlrmm lloc:"Jra:;y: :1: 70"1io of reading, or :1: 2 mgfl.·N, whichever 1111reat-r. Am=nla II cabRted rrom lho aensot'• ammon!~ DI$UI 
according lo pH, and tl1a lnh111ent uncertaintv In pH Is •).2 urill, Milch weans an uncertainty In ammonia oC :1: 60% Wh81i mathemaUcally gon~ertad frcm ammonium lo ammonia. Both accuracy spedfiCIIions ere at temperature 
at callbretlor~ with no lnlerfedn~j lo"' and pH lese tnan 10. I nterfenng lanJ artllk:~tll·~ lncrea.1a the ammor¥um reading and tLenoelhe ammon'a reading, 

(17) T:,oplcal Accuracy, N.itrat. :1: 6% cC rerac1"111g, or :1: 2 ni)IL-N, \\1'ilcheYer I& (I reate!, l~lnlmum Aocuraey: t 1D'Yo of rell\llng, or :1: 2 IW;IIL·N, whlche\l&f Is 11rea18r. Bctl\ accuracy apecl11catlona are at temperature ol ~1ibrallon wltn no 
lnterferln; Ions. lnterfertnolona can ar11nclall)' 1ncrea1e tha nitrate laad'ng •• foiiO'n'&: 

lnterferln; 1 mg/L·N 
lOll lntarferanca 

Cl~· O.OG71111l!l'-
I· 0.4!mg/L 
CN" :2.6mglt 
ar· 39,Tmgll. 
N~· 23mgiL 
HS" 23ms.'i-w· 433m~~J'L 

B52mg/L 
Ck· 705tn;~.l\. 

~18) Typical AccurGy, Chloride :1: 5% cf readi!IQ, or ! 2~, whlcha~oer II greater. Minimum Aocufa~~ :t 10% at reading or :1: 2 mQJl.., 'i'di'Jche'o'ar lll1ji'Ntlr. BD\h aoc:urac:y ,~;peclfi<:a1Jon& areal temperatl.rle or i:ellbration with no 
1111arf81'ing lens and pH len than 12,4. Interfering lonJ crm illtltldall~ lncreaaaiha cNcrlde reading a a fallowr.: 

ll'l\llrferlnli 1 mg/L 
len lnlarterenca 

CN' 1.6X I Do& mg,'t 
r 1.a X 1 G-0 lllQ /L s .. 9.~x 1o-tl rrr.J.I\. 
8( 6.7 x 11l·:l mgiL 

(19) Chlori~e resolutlor~ varlll$ with lha magrll1ude of the rNdlng u fo:Jows: 

(20) 

(21) 

(22) 

~~a) 

RBSding Re&Olutlcn 

0.00 to 99.99 mgiL G.O\ mgl~ 
100.0 to 9911.9 ~ 0.1 mgl~ 
1,000 lo 1 a ,000 mg/L 1"M'GI\. 

The S.S% responso chang a to a cN.nge In total d.luot\lld 911 !lftiGIIJie leN !han 1 BO seconds at •. 1 'C. 

T~plcal ac171lracy 15:1: %6 Df feeding, ex :t 1 JJmDI s"1 m4
, wnlchl'o'lr Is 1;1r'111olat. Minimum aDC~.Jracor. 2 19% of reading, or l: 2 ~MOl s·• m4 , 'Nhlcha'ier Is gra&ter. Manufacturer reccrnmend& factory sensor recallbraUon at least cr.e 

ever; two :;ean. 

It IIII1'IJ)Ortant In net~ tnel the fluocescanl ~aid obur;ed In Ule natuAI environment can dev!U Yl1cle~ over IIU'/Ing ccndiUonL Given this, ttl a Rbor:Jamlne standard should no1. be dlrecll.y compved to cHcxophyll, The atandarc 
is used In tuning a( fouoromelsra aa a ~f&rence, nat as a callbreU~. We encourage our UMrs to perform 1llacl callklcallons In the locale til' !heir lllmpllnijlftwy are lntanulDd In mare t1'111r1 rwlative nncls. 

ihe 10m Deplti accuracy Ia 'he 95% Certainty (MO'\ probabia errorl accunu:y, based on the wor.1-case e~rorw 1\JCh as drift, tel'll1>8relulfl oompensaUon, Ull error, etc. Tha 10m Depth 1r'lni4Ucar Is atmospherically viC'IIed to 
eliminate 1he YIHY large ellOrl poaslble frtm barometric prairsUI9 ahlftl c:auaed, fer Instance, by chaNiJing weather). 
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Qualifications for Series 4a Specifications (continued) Hydrolab Technical Note 204 

The Ceplh ~adlngs ant QQmpemaiSd ror S.SIIn11y {that Is, watar dtflsl1~} so thai readings are acC\Irnte \'oilettler ma<:-e In frash or r.alt •111.ters.. 

The 25m, 10011', end 200m Oeplh accurac:,o ar&the ~%Certainty {most prcbabla arrcr} accurae)', based on the worr.\-casa IIITl)IS auch as dt!fl, temparall.rra compensation, lilt erroT, e:c.llileo;uracy raqulres \hat the user 
.nplgy a1ma&ph8ric oo~on IC cnange111n baromelr1c pressure are to bit conalda:er:l. Thlt accuracy is rnuc:n betterln 111UaUons were 'l.llmperature changes ara arnd and changnll'l Depltl, ra\her than the ~~Xad. Depth, ara of 
~rlmary lnterast. 

(26) Sallnlly Is calculated fr()rn ccndul:llvl~ and ternpera!Ure belled on USGS WS Paper 2$11 or Sectkln 252•:l ot Standard Methc:ds for the Eumlnatlcn of Wallf and Wastawatar. The Standard Method& runctlon Ia a,eo eorrmonly 
I'Bferred to as tha Praetlca1 Sai!N\y Seal& ar UNESCO M&lhocl. 

HeedOirlos: 
Hydralab Corparatlcn 
8700 Cameron Rd. 111 DG 
Austln, TX 76764 USA 
Phcne: {aOCI} 949-3765 cr (512) 832·8832 
FBK< {512) 832-BBSB 
Email: aates@hydrolab.pom 
bUD;/o'wtoy.h.ydrqlsl:t.oom 

In lh.a 11')\&rest a! Improving &rid updellng lis equlprn1nl, Hydrolab roseNes the rtght to alter specl11catlons 10 eqU:pment at anytime. Hyclrolab Corp~ 2.0tl1 
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Tech Note 204 

PARAMETER RANGE ACCURACY RESoumON 

TE~PERATURE · -9!11 6D"C ~.to'dl . 0.01"C 

CMIOOO lo 0.1999 mSicm 
0.200 1o 1.600 mSfCfll * 1% ofreadln; 

SPEClflC 1.4S to 16.00 mS/cm :1.1 ~X~un\ 4 dlgb. 
CONDUCTANCE 14.~ to ~OO.ll mSicm 

tauklrlll\'ilOd)~ 
t \\JS/cm 

, 

SAL1NITY Oto70 PSS' t 1% of readlrG O.il1 PS8 :i0.01 PSS 

DISSOLVED 
lltoOOmgJL :i 0,2 tngJt. ~20) 0.01 mg/L OXYGEN t 0.8 mg/L ('o2C) 

pH 0 ta 14 urJis1 
t 0,2unlta1 0.01 unll 

SHUTTERI!'D 
lURBICI.TY OID100NTUcr 

:1: 2,6'J4 ~ fB~ tO I ~·~~ (Oa12sonde 4a 0 tl \00(1 N11J 
ontv) {user aelectable) 

NON-
SHUlTERED OID100NTU 0.111\llJ 
TURBID lTV 1001o 1000NTU · t 5% of range 11 1 NT\J 

1 {Datascticle 4e . (8UtOIBI'IQBd} 

and Mlnlsonde 4a) ·-

REDOX' ·998 lo1l99 mV :t.20mV11 1mV 

AMMONlUMJ greaiBr of :i 6% of 

AMMON. lA o \0 100 mgll·N reading or 0.01 ~-N 
:t. 2. 1TI9J\.· Jll,. 

--

Updated ~'2001 

.1·,'· 

Series 4a DataSonde® 4a & MlniSonde® 4a & Surveyo~ 4a Disp~ay 

Parameter Specifications 

SENSOR COMPENSAT~ONS CALIBRATION RESPONSE STA.BlL\rf OUTPUT 
TIME1 OPTIONS 

lhnnlator noM required · none requirad < 1 mi!IJ\e lhrMYNil •c, "F. or 'K 

' 0.25' ll1' c~al bora KCI or Olh.er mS,Icm, ~Sian, 
wll'n rour graphHe automatic !c 2t>"c' 

ilandard• 
<10 secandi siX mcn1i11 ocndu.c!Mty, lOS, 

~rodel oc reslmtl~ 

: · Ule& callbnlllon 

calculall.lc! from from 1p: cond. Or 
sptdflc ncne f~:~qulred callbfata dlrectty < 11heconds one monlh PS$ 
IXInd~.~:tanca 

Y~I/1.10BIIIIlly 
11anclarda 

rabiJiduble aoutomaUc fer •t.ater-la!uralad air, rnQIL.% 
pcla~~~hlc; 1 rr/1 . lemJl!Qtura end · 'liit(iCJer 1 or l!llr· < •. mlrwte one month sat\lrlll:icn. or 
Teflon'~ nturated Miler mg/L v.i!hout 
mMnbrane Hnnlty llllinlty CO~QII 
glass pH; 

. rebullda'ol10r low automdcfor !=H 7 'bul1er, pll3 < 1 m'nula one month pH ur.L11 lcnlc ~ranQih te~ralure cne. alcip& buffer 
raferance eletrode1 

i 
ISO 7027 
compliant 
nephelometer v.t1h automa~c amblenlll;hl cllluilcns al 
loullr.; res.lstanl raJacl\on Formazln or AEPA.· < ''0 toeonds 11 one month l'fTU -or \'CI1s 
~o'll.tllar {US Patent 1 polymerbea" 
116.111.2491 '• 

~o 7027-besecl mUit be operallld el dll~onsof 

oephelome!&T depth :. \r.! or •hlelded FormazJn cr Af:PA· < 1 TW.1111te one month NTU 
from &unltght 1 ~lymt~r baad• 

c;ulntryd~, 

PltJec1roda MOlt r&<ll.llrad Zobel!, l.l,.'jhl'•. ~ 
tranB!ers 

~llllesu one month mV 

ectMt,o ~clent 
ccmpUI.ed from specl11c 2·, 3-1 or 4-<palnt 

' "IOn-&pecltk: ccrlductance; and calibration~ m;IL-N, mV, or 
electrodrt emm:~nla de;\~ frtm~ l-lydroleb at USIII'· < 1 minute anemcnh ~~11f1Dtal 

ammon I~ ,:~roducod NH'a 
j temperall.rre, pH, and slal'lderdl 

mclftc Q:lnductence I 
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Parameter Speclflcatlons- Serles 4a OataSonde® 4a & MlniSonde® 4a & Surveyor® 4a Display 
(Continued from Page 1) 

Hydrolab Technical Note 2.04 

PARAMETER RA~GE ACCURACY RESOlUTION SENSOR COMPENSATIONS CALlBRA110N 
RESPONSE 
TIME' 

. 2-, 3-, or 4-fOhtl 
g_, of :1: 6% ot ioi'I·IPICI!IC 

activity coefflclent callbrden wlth 
NITRATE Gto 100 m;IL·N leldlneor G.01 mi!J\,-N computed from IPIICific tt~drolllb or use:- c 1 n'finuta 

t2 mgll.·f\f electrode c:onctutblnce pltldYCeei 
llandlrGI 
2-, 3·, or 4-palnt 

;1111.111r of :1: ~·~ of lan-spaddlc 
aclMiy coafflclent callbnaUon v.ilh 

CKt.ORIDE 0.5 to 'I B,OOG m9fl. re•.slng or 4dlgltr. 11 

t1eclrodl computed rn:~m &opeclftc I Hydi'OR!b or uer- < \ mlwt. 
:1: 2rrQ.IL·N° conductanca produ* 

Jlanclards . 
TOTAL «10 Ill 1300 IM\Hg membrana-covered 

< l mlnu.ll!s1111 

DlSSCI. VED OAS {max lmrntl'll1on depth: SO ;tD.1% ohpan 0.1 mmHg pres&ura 110ne reql:lotad aetln air 
metal&) tranllducer 

" 

AMBIE~T LIOHT 
I} \Q \0,000 1 ~mal s'1 m'1 

:t 6% of raad[ng 
1 IJl1IC'Ia'1m.a 

te)ectlon o! amble nt 

(PAR} or pi'loto'l'clllllc cell light c:utslcle lhe 4(10. nonereql.ired < 10 iOCO!ld& 
t IJrTIDIS~ m4 1Jil 700 nm ban~Mdlll 

dlluUOneof 
rtladamlna(OI' 

CttLOROPHYL.L 0.03 to 150 ug/L :t. 3% of ~eedlng 
uocncl.ar:,o 

:I:G.1 ~gJI. II G.11Jgl\. fluorometrlc I"!Qfle requ·~ad caibrB~on cube) < to sec:DI'Ids 
Wii1HJBOf 
correlellcn to flald 
a&!np\el 

'D'EPTHI0·1 OM 010 10m s o.oam• 0.001 m atraln~e aulomatlc for .sa~nll~~ set zero ln air <-10 sacon~ 
\'tr1lld 1nl.l'llducer . 

DEPTH/02SM · o 10 25 m :t. o.a& m11 0.0\m &!nil n-gege auto~t~~~Uc for sallnLV' sal zero In air < \0 secQ;lds 
110n.'1811~ tnmeducer 

DEPTHI0-100M 0 \0100m :tG.~nt• 0.1 m &1nlln·gage auto!T.allc for saUntt/' et zero In a.lr < 11l se=onds 
I'IOM'Inled lrBI'Ildlt"..el' 

DEPTHJ0.20DM Dto 201>m :to.a m21 o,t m mln~ autol'l'll!l1l& for sa'inir.f satze.'lllrl alr < 10 seoonda 
ACn-\'lflltd \rllnlldiJC« 

BAROMETRIC stniln-Qage 
, 

PRESSURE Wl to etiD IMIHg :1: 'OmmHg 0.1 mmKg nnsctuoer I none required set In alr < 10 seoon.ds 

Note: Theaa ~pacmcaUons rappl~ GYer1hll opa111U~ \llmperature 111n;e of-6 to 60"C (Mn-fTeezlng), ar.cl over the operatn; voltage ranga af a 10 16VDC, fol' we!1 rnaLntalned 
teMOI'IIn clean. \Jnchanglng •~.aters. Theta ara 1'1'181\:i lltuaUona, lll.dl u blotoullng, that ...&1 neg eta exbapolaUon etf lhe~ilf&?aclflcaUCI'I& to fl•kl conditio~~&. 

U~tecl 912001 
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STASILIT'f 
OUTPUT 
OPTIONS 

one month mgiL.-N or rnv 

:o 1 :,-ear vd111 
OCX:I&Ional mg/LormV 
pcllsn 

onamcnlh nr.llig,mV, or PSI 

twoyea~1 1 ~mol l''m.,.. 

DC~emonlh 1JIIil.orvolta 

one month m,lt.orPSI 

or10manlh m, 11, or PSI 

one mcnth m, n.orPSI 

one month m,lt,orPSI 

mmHg, !nH9, 
silt months kPA, mbar, Aim. 

orPSl 

Paga2 
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