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HYDRO RESOURCES, INC.'S RESPONSE 

·99 FEB 26 p 4 :39· 

TO INTERVENQRS' BRIEF IN OPPOSITION TO HYDRO RESOURCES, INC.'S 
APPLICATION FOR A MATERIALS LICENSE WITH RESPECT TO 

GROUNDWATER ISSUES 

INTRODUCTION 

Hydro Resources, Inc. ("HRI") submits this response to Intervenors' voluminous January 

19, 1998 brief regarding groundwater issues ("Brief'). As discussed in detail below, incredibly, 

though Intervenors filed more than 800 pages, they raise few issues addressing the subject of this 

proceeding1 
- - Churchrock Section 8 - - fail to .show that HRI' s license results in inadequate 

protection of public health and safety and that it is based. ~n an inade~uate c~nsid~ration of' 

.}, 

Intervenors continue to ignore the order of the Presiding Officer, affirmed by the 
Commission, and to present page upon page of argument and suppo~ing testimony regarding 
site specific, details of areas outside of Section 8. The Presiding Officer should dismiss these 
arguments and testimony summarily as they are irrelevant to this stage of the proceeding. · 
See September 2, 1998 Memorandum and Order at 2-3. 
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environmental issues related to groundwater contamination. 2 For this reason, Intervenors' 

request for relief should be denied. 

ARGUMENT 

Intervenors' complaints regarding groundwater contamination resulting from HRI's 

.intended activities at Churchrock Section 8 essentially address the following four points: (1) HRI 

"misrepresented" the hydrogeology and geochemistry of the Crownpoint Project area and its 

suitability for in situ leach ("ISL") mining in its application (2) HRI failed to conduct 

hydrological testing in a proper manner, (3) the Westwater Canyon aquifer is an inappropriate 

• site for ISL mining because it is a high quality source of drinking water (mostly a repeat of the 

first complaint); and, (4) the Final Environmental Impact Statement ("FEIS")3 inadequately 

addresses the potential impacts of the project on groundwater. Brief at 1-2. ·As discussed below, 

Intervenors reach these conclusions based on incorrect assumptions regarding the nature.of the 

Westwater aquifer, a total lack of understanding or experience with the ISL industry and 

processes, sound science, and the relevant law and regulations, specifically the Safe Drinking 
. ' 

Water Act (SDW A), Underground Injection Control (UIC) regulations, the Atomic Energy Act 

• 
' . 

(AEA) and relevant portions of 10 C.F.R. Part 40, Appendix A and 10 C.F.R. Part 20. 

Specifically, Intervenors ignore the fact that HRI already has an aquifer exemption for 

·' Churchrock Section 8. Because HRI currently has an aquifer exemption for Section 8, by 

2 

3 

As discussed in HRI's prior briefs, the appropriate standard can be found at 10 C.F.R. 
§ 40.32 and in the National Environmental Policy Act of 1969, 42 U.S.C. §§ 4321 et seq. 
("NEPA"). See also, Hydro Resources, Inc., 40-8968-ML, Partial Initial Decision (Waste 
Disposal Issues) (Feb. 3, 1999). 

NUREG-1508, Final Environmental Impact Statement to Construct and Operate the 
Crownpoint Uranium Solution Mining Project, Crownpoint, New Mexico (February 29, 
1997) ("FEIS") (Hearing Record ACN 9703200270). 
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definition, and contrary to Intervenors'. claims, there is no "drinking water" in the mining zone 

because of the high concentration of naturally occurring radionuclides.4
. 

Intervenors also ignore the fact that ISL mining has been conducted on a commercial 

scale in the United States for over twenty years and HRI's proposed operating procedures and 

license conditions refl~ct the experience gained by the NRC, Agreement States under the AEA, 

-
states with primacy under the SDW A, HRI and other producers during that time. Most 

importantly, ISL operations have generated no significant adverse public health or environmental 

impacts, such that Intervenors cannot point to any instance of actual harm to public health or the 

environment as a result of ISL mining generally or HRI's proposed operations. With these 

broader principles in mind, we turn to Intervenors' specific complaints. 

I. HRI DID NOT "MISREPRESENT" MATERIAL FACTS ABOUT THE 
ADEQUACY OF GROUNDWATER PROTECTION. 

Contrary to Intervenors' assertions, HRI did not "misrepresent" that lixiviant can be 

horizontally and vertically confined. See Brie/at 15-29. 

A • HRI Did Not Misrepresent Information Regarding HRl's Ability to 
Horizontally Confine Lixiviant. 

· i. HRI Did Not Misrepresent the Westwater Aquifer as a 
Homogenous Aquifer. 

Intervenors argue on page 17-19 of their brief that "HRI has misrepresented the 

conceptual model of the hydrology and geology of the mine zone aquifer, the Westwater Canyon 

4 EPA's regulations provide that an exempted aquifer is one that "does not currently serve as a 
source of drinking water" and "cannot now and will not in the future serve as a source of · 
drinking water." 40 C.F.R. § 146.4. As noted by Mark Pelizza in his affidavit and discussed 
below, the water in the Section 8 ore zone contains very high levels of naturally occurring 
radionuclides. For example, radon levels are far in excess of state or federal groundwater 
standards. One way to show that the aquifer cannot now and will not in the future serve as a 
source of drinking water is to demonstrate that the aquifer contains commercially producible 
minerals. 40 C.F.R. § 146.4(b)(l). 
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member." Brief at 17-19. According to Intervenors, "the Westwater consists of thin, stacked 

and criss-crossing sand channels bounded by less permeable siltstones and shales." Brief at 17-

18. Further, Intervenors, relying on Mr. Wallace, argue that HRI's assertions (regarding the 

nature of the aquifer) are contradicted by HRI's own calculations, which demonstrate that the 

Westwater at Unit 1 has anistrophic conditions, which are indicative of sand channels. Wallace 

Testimony at 13. 

Contrary to Intervenors' assertions, HRI has not represented the Westwater as a 

completely "homogenous" aquifer but rather has identified it as a "massive sandstone" of 

uniform thickness and infinite width that, as opposed to a distinctly heterogeneous ·aquifer, 

generally functions in a homogeneous manner. See Geraghty and Miller at 2-3; HRI Response to 

RAI #99, Sensitivity Analysis of Modeled Unit 1 Site Ground-water Flow, at 3-4, Hearing 

Record ACN 970108219 (August 18, 1997) ("Unit 1 Sensitivity Analysis"); Letter from Mark S. 

Pelizza, HRI, to Joseph Holonich, NRC, enclosing responses to Requests for Additional 

Information ("RAI"), Response to NRC RAI #77, Hearing Record ACN 9604030208 (April 1, 

1996). In fact, the models HRI uses to predict groundwater flows that Intervenors discuss ad 

nauseum rely on this assumption. See Geraghty and Miller at 2-5. 

Intervenors also assert that Dr. Shlomo P. Neuman concluded in a presentation to the 

NRC Staff in January, 1998, that HRI's. modeling of the Westwater as '.'hydraulically uniform, 

isotropic and perfectly confined" failed to consider that drawdown effects of pump tests often are 

obscured in a "multiaquifer" setting, as in the case of the CUP. Brief at 18. Professor Neuman 

concluded that the "hydrogeologic conceptual framework behind the FEIS [for the CUP] is 

flawed (neither realistic nor conservative) and therefore indefensible." Id. 

Here, Intervenors ignore the fact that the Staff determined that Dr. Neuman "did not have 

a complete understanding of all the information evaluated by the staff to determine the specific 

acceptability ofHRI's application ... [i]nformation not considered by Professor Neuman 
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included (1) the application filed by HRI containing extensive data used as the basis for the 

staffs review; (2) results from other licensing reviews conducted by staff and Agreement States; 

(3) experience from operating .in situ facilities at other licensed sites; and (4) other data such as 

geologic borings used to determine the stratification of the mining units. See Brief Exhibit 3:-G 

at 2. Based on this lack of technical information, and the fact that "the pumping tests conducted 

at the Crownpoint site were not used by the staff to make its conclusion on vertical confinement, 

the staff disagreed with Neuman's conclusion that the FEIS is technically flawed and 

indefensible. Id. Intervenors also conveniently ignore the fact that when asked, Dr. Neuman 

"stated that he did not dispute the staffs findings, with one exception: the significant difference 

in water levels' between the Dakota Sandstone aquifer and the Westwater Canyon aquifer does 

not indicate a lack of connection between these two aquifers."5 See Brie/Exhibit 3-H at 2.6 

Thus, contrary to Intervenors' assertions, Dr. Neuman did not disagree with the Staffs 

conclusions regarding the potential for excursions at the site. Id "Furthermore, he did not 

specifically identify anything in NUREG-1508 that he believed would disqualify the site from 

ISL mining." Id To the contrary, he stated that it was his "gut feeling" that HRI's proposed ISL 

operation was safe. Id 

2. Intervenors' "Sand Channel" or "Pipeline" Theory Reflect 
Ignorance of Uranium Deposition in Fluvial Systems. 

Wallace.'s concerns that the sand channels in the Westwater function as "pipelines" are 

unfounded and reflect a profound misunderstanding of uranium deposition in the Westwater . 

5 

6 

HRI's license requires pump testing to determine the nature and extent, if any, of connection 
between the Dakota Sandstone aquifer and the Westwater. 

Dr. Neuman's position with respect to the exception was based on his general theory that it is 
appropriate to consider all geologic materials as having some permeability to ground water :- -
no matter how small. Given enough time, water will move through any geologic material, 
thus making it appropriate to view all aquifers as being in hydrologic communication. Id. 
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Canyon aquifer. See Brief at 19; citing Wallace Testimony at 10-14. As pointed out by Dr. Orr, 

the "hypothesized continuous channel or "pipeline" by Wallace has no physical basis; it is not 

implied by any of the pumping tests or by measured heads (water elevations) in the area. The 

heterogeneity in the Westwater formation is on a much smaller scale. When Darcy's law is 

applied to the "pipe" described by Wallace, one calculates unrealistic head gradient and 

drawdown (in the pumping well), and unrealistic storage or improbable intense (local) recharge 

into that "pipe." Affidavit of Shlomo Orr at if 5. Moreover, as Bartels points out, Wallace's 

"pipeline" theory relies on a conceptual depositional model, without relying on, or even referring 

to, actual hydrologic test data for the Westwater Canyon aquifer. Affidavit of Craig Bartels at if 

10. 

Determined to have the facts fit his hypothesis, Wallace (see Wallace Testimony, Exhibit 

D) describes a figure from a paper by hydrogeologist D. W. Mccarn as "depicting stacked roll 

fronts at the Crownpoint site, which obviously correspond to sand channel morphology." 

Interestingly, Mr. Mccarn, in his Affidavit attached hereto, says of Wallace's 

description: 

The exhibit in my paper does depict stacked uranium "roll fronts" 
but is (sic) well known that "roll fronts" in the San Juan Basin in 
general, and at HRI, Inc.'s project sites specifically, are not 
contained by channel sands, but instead are contained in wide 
spread, continuous sandstone. 

Intervenors repeatedly allege "misrepresentation" and essentially accuse HRI and its 

consultants, in the cited Testimony and throughout their brief, of engaging in deception and 

fraud. These accusations, are unsubstantiated in fact, unprofessional, if not libelous, and are 

particularly offensive in the case of Mr. Wallace, who has no in situ mining experience and no 
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"hands-on" geological experience in the area but nevertheless feels qualified to make extreme 

accusations about submissions to NRC by HRI and its highly qualified consultants . 

Remarkably, Wallace completely ignores HRI's data and the data of others7 depicting the 

Westwater aquifer when developing his "pipeline" theory and conclusions based upon it. Id 

More remarkable, however, is the fact that neither Wallace nor Abitz refer to a single hard fact, 

test, actual measurement, or other real data showing any evidence of their alleged "pipelines." 

Rather, both Wallace and Abitz state a hypothesis and then, without offering any supporting 

evidence, conclude that it is an accurate basis for their opinions and assumptions. See, generally, 

Affidavit of Craig Bartels at 16-30. 

3. HRI Did Not Misrepresent Groundwater Pathways and . 
Divides. 

Relying on the testimony of Wallace, lntervenors argue on pages 19-22 of their brief that 

HRI's consultants, Geraghty and Miller, "misrepresented" groundwater pathways and divides in 

the flow modeling diagrams they prepared in support ofHRI's application. Brief at 19-22. 

Specifically, Wallace takes issue with Geraghty and Miller's drawings that indicate that 

not all pathlines cross head contours at right angles, thus "violating a fundamental rule of 

7 Numerous aquifer flow tests of the Westwater Canyon aquifer have been conducted over 
decades (Stone et al., 1983, Table 5); Mr. Wallace references this publication in his Written 
Testimony, p. 4; more telling, possibly, is that Dr. Abitz does not). The Westwater Canyon 
aquifer has been intensively tested and studied over decades by the New Mexico State 
Engineer's Office (which administers water rights), the U.S. Geological Survey (USGS), 
U.S. NRC, and private industry. As noted in Stone et al.(1983, page 48): "In 1980, 45 mines 
and 5 mills produced 7,407 tons {14.8 million pounds] of yellowcake [uranium oxide] in New 
Mexico, mostly from the Morrison Formation [mostly the Westwater Canyon aquifer] in the 
San Juan Basin.". Each of these underground mines would require dewatering of the aquifer, 
typically involving testing and analysis of the aquifer's flow characteristics. Approximately 
thirty of these "drawdown" and "recovery" aquifer tests are noted in Table 5 of Stone et al.. 
(1983), and more have been conducted since then. 

Footnote continued on next page 
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hydrologists." Wallace at 34-45. "Had the pathline been drawn correctly," accor~ing to 

Wallace, "it would have indicated a significantly different trajectory, and shown fluid leaving the 

mine zone and escaping into the general aquifer." Id. 

Here in particular, Wallace is wildly accusatory. Geraghty and Miller, a highly qualified 

consulting firm, created drawings based on AQUASIM modeling that has been used to evaluate 

numerous in situ mines. See Affidavit ofV. Steve Reed at if 6. The modeling is based on well 

established hydrologic principles and has been successfully used to simulate more complex 

groundwater reservoirs than exist in Crownpoint and Churchrock. Id. The flow lines that 

Wallace speaks of were developed by Geraghty and Miller and represent the general flow 

vectors that will be experienced during mining. The flow lines and diagrams show that complete 

hydrodynamic control is not predicted, but that expected travel times and distances are such that 

excursions will not occur. Id. if 8. Even if the flow lines depicted by Geraghty and .Miller for the 

particular (marginally defined) case are incorrect, "the hydraulic control analysis for Churchrock 

Section 8 is essentially correct." See Affidavit of Shlomo Orr at if 5. 

4. HRI Did Not Misrepresent Groundwater Trav·e1 Times . 

According to Intervenors, because HRI "misrepresented" the character of the Westwater 

Canyon Member as homogenous, HRI also "misrepresented" the actual travel times for lixiviant 

excursions. Brief at 22-23. As stated above, HRI did not misrepresent the character of the 

Westwater aquifer, therefore, arguments.regarding contaminant migration through non-existent 

sand channels are irrelevant. 

Footnote continued from previous pag~ 
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B. HR.I Did Not Misrepresent Information in its Application Materials 
Regarding Vertical Confinement 

1. - HRI Did Not Misrepresent the Nature of the Underlying 
Strata at Churchrock. 

On pages 23-25 of their brief, Intervenors argue that although HRI characterizes the 

Recapture Shale as a confining unit between the Westwater aquifer and the underlying Cow 

Springs aquifer, the Recapture Shale probably does not exist at Section 8 and does not serve as a 

barrier between the Westwater aquifer and the Cow Springs aquifer at Section 8. Brief at 23-25, 

relying on Wallace Testimony at 62; Staub Testimony at 27-28. 

As Lichnovsky discusses in his affidavit, the Recapture Member is present over the entire 

area of the Grants uranium region. Affidavit of Lichnovsky at ~ 11. It consists pr~dominantly of 

shale with discontinuous sandstone lenses. Id. Figure 15, attached to Lichnovsky's affidavit, "is 

a typical cross section showing relationship between the Westwater Canyon, the Recapture shale 

and the Cow Springs Aquifer (Bluff) Sand." Id. 

Shale is a fine grained detrital sedimentary rock, formed by the compaction of clay, silt, 

or mud. It .is relatively impervious to water flow. Shale units are good aquitards (barriers to the 

vertical movement of water). HRI in its Churchrock Revised Environmental Report, 1993 (see 

figure 2.7-14) and in response to NRC's request for additional information, (Crownpoint Project 

Partial Response to Q l's, Question #63), supplied a copy of the drill hole geophysical log 

#02.8/17.7 that penetrated the entire Recapture Shale Member. See Affidavit ofLichnovsky at 

Fig. 16. As seen on the drill hole geophysical log, the Recapture consists of 169 feet of shale. 

This hole, in Churchiock Section 8, is 850 feet from the western edge of the perinit boundary. 

Id. at Fig. 17. Wallace questions why no borehole in the permit area was referenced to show the 

thickness of the Recapture. In uranium exploration it is common practice to only drill deep 

enough to penetrate the sandstone interval that contains uranium. To drill deeper in barren rock 
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(especially 170 feet of shale) may provide artificial pathways for possible vertical fluid 

movement out of the mine zone (i.e., future vertical excursions) and provides no benefit. Thus, 

no drill hole in the permit area penetrated the entire thickness of the Recapture Shale. However, 

over 100 drill holes scattered over the Churchrock permit area penetrated from 10 feet to 107 feet 

of the Recapture Shale, proving that the Recapture Shale is present underlying the entire permit 

area. As one can see on cross-section E-E' (Churchrock Revised Environmental Report, 1993), 

drill hole #53/41, id. at fig. 18, at the section line between section 8 and section 17, id. at fig·. 17, 

1
: penetrated 105 feet of Recapture shale. Considering the fundamental sedimentary laws 

:i 

•: 

,, 

described above, and any lack of intervening evidence from limited exploration drilling, it is 

obvious that there is· at least 100 feet of Recapture Shale under the Westwater Canyon sandstone 

. in the SE quarter of Section 8, the permit area, at Churchrock. Id. The 170 feet of Recapture 

Shale recognized in the drill hole_(#02.8/l 7.7) 850 feet (less than Y4 mile) from the operating area 

is an unusually close drill hole in geologic terms and conclusively demonstrates a good clay. Id. 

2. HRI Did Not Misrepresent Any Faultin_g. 

On pages 26-28 of their brief, Intervenors assert that HRI misrepresented that it had 

' . 
. evaluated whether faulting exists th~t connects the Westwater with other aquifers when it 

asserted that HRI and its consultants Geraghty and Miller had reviewed structural cross-sections 

in their analysis. Brie/at 26-28. 

As pointed out by Lichnovsky, during the evaluation of a uranium ore body there are 

many parameters that are evaluated, such as sand continuity, the location of the.ore in the 

sandstones, confinement, and the presence of faults. A seismic survey was shot across the permit 

area in section 8 Churchrock.8 Figure 23, attached to Lichnovsky's Affidavit, shows there are no 

8 A seismic survey is considered the most determinative means of observing subsurface 
geologic structure. Unlike interpreting borehole information, where the accuracy of the cross 

Footnote continued on next page 
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faults that cut the Westwater Canyon or immediately underlying formations. Affidavit of 

Lichnovsky at fig. 23, if 14. The deep faults shown were eroded to a peneplain (nearly flat 

surface) before Triassic time. Id. From Triassic until Cretaceo_us time the sediments were 

deposited as horizontal strata and are essentially still horizontal, indicating no faulting has taken 

place since Triassic time. Id. The 1987 geologic map by Kirk and Zech (USGS Map GQ-1592)9 

shows no fault present on HRl's Churchrock properties or adjacent to the property where 

leaching and monitoring will occur. Id. . 

Wallace quotes Hilpert ( 1969, p. 77) as reporting that fractures seen in mine workings in 

Section 17 extend onto Section 8. Id. While minor fractures cannot be verified by either seismic 

surveys or structural cross sections, the pump test conducted on Section 8 showed no pathways 

to be present that would allow communication between the mine zone and overlying or 

underlying aquifers. Id. 

C. HRI Did Not Misrepresent Baseline Water Quality in the Westwater. 

Abitz claims that two separate zones of water quality exist at each mine site but HRl 

combined the data from both zones to create a single baseline for water quality: that is, HRI took 

data from wells placed directly in the mineralized ore zone and combined it with data from high 

quality water outside the mineralized zone. Abitz Testimony 10, 19-20, at 21. 

The effect of such an action, according to Abitz, is that the baseline may "result in 

degradation of the Westwater water quality zone that is currently better than drinking water 

. · standards." Abitz recommends that HRl establish baseline water quality ~eparately for the non-

ore and ore zones. This is what HRl intends to do. See COP Rev. 2,0 at 85-86. Abitz complains 

Footnote continued from previous page 

section interpretation is limited by the number of boreholes, seismic.surveys provide 
essentially infinite data points along the structural surface that is being observed. 
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that HRI has established inadequate groundwater baseline information. Abitz at 14. However, 

HRI has completed few wells on the property at this time and has not yet established baseline for 

excursion/restoration purposes. See Pelizza Affidavit at 19-21. 1\s discussed infra at VII, the 

mineralized ore zone in the Westwater is not of drinking water qua~ity. See, generally, Pelizza 

Affidavit at 30-38. 

II. TESTS REQUIRED TO DETERMINE HYDROGEOLOGIC 
CHARACTERISTICS OF THE ORE ZONE AQUIFER WERE 
PERFORMED ADEQUATELY. 

A. .HRI Used An Appropriate Model to Analyze Pump Test Data. 

HRI used the Theis method to model drawdown data from pump tests and to determine 

whether the Westwater is vertically confined. Crownpoint Technical Report at 49-55, Appendix 

C, Section 2, Hearing Record ACN 9211399381 (June, 1992). According to Wallace, the Theis 

method is inappropriate because it assumes that the aquifer being tested is fully confined 

vertically. Wallace Testimony at 48. Therefore, Wallace concludes, that while the Theis method 

may produce some nice looking results on paper, the basic assumption of the test is that there is 

vertical confinement, so HRI's inference from this test that the Westwater and Dakota are not 

connected, proves nothing. Id. In light ofthis fact, Wallace employs the Modified Hantush 

Method, which he claims accounts for vertical .communication between aquifers to analyze HRI's 

data. Id. at 48-50. 

As Dr. Orr points out, however, on the one hand, Wallace conceptualizes the aquifers as. 

heterogeneous and anisotropic with distinct channeling (which implies distinct boundary effects) 

and therefore argues that Theis does not apply. On the other hand, Wallace follows the 

assumptions of infinite, uniform, and isotropic aquifers-the basis for Hantush's solution and 

Footnote continued from previous page 
9 Referenced by the NRC in the FEIS at 3-21. 
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interpretation of a leaky aquifer system. Affidavit of Shlomo Orr at if 6. As Dr. Orr states, 

HRI's interpretation ofpllinping tests "is more complete, more accurate, and more reliable' than 

the interpretation.presented by Mr. Wallace." Id. at if 7. He goes on to state that: 

The common practice is to start with the Theis solution, and only 
after a significant deviation from Theis has been observed, should 
one proceed with a more complex model. The use of a type-curve 
derivative is essential for a reliable fit. The deviation (of the 
drawdown data from the type-curve) during the first 20 minutes of 
pumping is negligible. These first minutes have nothing to do with 
the "early time" (of drawdown data) mentioned by Hantush and 
Neuman regarding leaky aquifer interpretations (they refer to the 
period before leakage becomes apparent). The transmissivity 
interpreted by Mr. Bartels is more consistent with existing data 
(interpreted values by the. USGS and the Bureau of Mines), while 
the storativity interpreted by Mr. Wallace (assuming a leaky 
aquifer) is unreasonably low. Consequently, based on observed 
drawdown during the test period one could not conclude that 
leakage has occurred. Besides, leakage effects are opposite to 
channeling and the associated wall effects suggested earlier by Mr. 
Wallace. 

Id.; see also, Affidavit of Craig Bartels at 33-36. Thus, HRI's use of the Theis method was 

appropriate to analyze the pump test data. 

:a. Reinjection of the "Bleed" will not Result in Excursions. 

Although Intervenors claim to understand the ISL process, see Brie/at 35, they continue 

to misunderstand and confuse the purpose and impact of the "bleed." Bleed is the amount of 

water withdrawn, but not reinjected back irito an ISL wellfield. See Bartels Affidavit at if 12. 

The purpose of the· bleed is to cause a lower water pressure, a. k. a. "cone of depression," in the 

area of the ISL wellfields and to help contain the ISL lixiviant. A "rule of thumb" for the 

uranium ISL industry has been: a 1 % bleed (1 % less volume. injected than withdrawn) but bleed 

may vary, e.g., 0.5% was used for the Crow Butte IS,L project. Id. HRI assumed a I% bleed, 

with a preliminary wellfield design (well arrangement based on current knowledge of ore 

placement), in its hydrologic computer model for Churchrock Section 8 to demonstrate that 
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lixiviant can be controlled and horizontal excursions prevented. As with all ISL projects at this 

stage, only a preliminary wellfield design is available, since the final well pattern relies on the 

actual uranium ore configuration at the Churchrock Section 8 ISL site, and that will be 

determined later with additional exploration drilling, wellfield by wellfield, as the project 

progresses. 

Intervenors mistakenly assume that bleed by itself is the most effective means of 

excursion control. This is not the case. As Bartels points out, it is the well pattern design and 

operation, which is the primary basis for control of the lixiviant; the bleed is merely one tool, but 

not the primary tool, used in lixiviant control. Id. In fact, ISL operators and regulators recognize 

this fact as they ensure that each ISL project has the capacity to properly manage and dispose of 

any wellfield bleed as may be required. Licenses, however, do not require that a certain bleed 

rate be used or be maintained in real, ongoing operations. Id. 

The well configuration, i.e., well pattern used in a wellfield is determined by the final 

shape of the uranium ore body, often with multiple well patterns (2-spot, 5-spot, 7-spot, 

staggered line drive, etc.) used in one wellfield. The location and amount of the bleed during 

actual operations. is changed according to this well configuration, as wells are turned on and off 

on a day to day basis. This is fundamental to ISL operations. The ongoing operation of 

commercial ISL projects evidences that varied bleed rates are used as part of lixiviant control. 

Id. 

Turning now to Intervenors' arguments with respect to the reinjection of the bleed, the 

program of bleed reinjection was developed as a means of conserving groundwater in the 

Westwater aquifer to meet conservation goals of the New Mexico's State Engineer's Office. Id. 

Under the program, rather than "disposing" of the bleed waters, most of that water is cleaned and 

returned back to the aquifer, outside of or beyond the monitor well ring. 
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The movement of fluid in the subsurface is controlled mostly by the location and distance 

between wells, and the relative amounts of flow in and out of the wells. Closely spaced wells, as 

in an ISL wellfield, have a much greater affect on the movement of nearby water, than wells at a 

greater distance, such as a weil beyond the monitor well ring. The typical distance in ISL 

wellfields from the nearest ISL well to the nearest monitor well is about 400 feet. Even if HRI 

·were to place the reinjection well(s) as close to the monitor wells as 100 feet, there would be a 

minimum of 500 feet to the nearest ISL well. Id. 

Staub suggests the reinjected bleed "could interfere" with nearby monitor wells. Wallace 

implies dire consequences, and invokes his "experience" and "common hydrologic sense" as 

support. 

The two important considerations concerning questions of "excursion" control and the 

magnitude and effect of well field bleed or of the effects of distant water wells, are the speed and 

direction of water movement at any particular location in the aquifer. It is a rather 

uncomplicated matter to determine the overall effect of reinjection of clean water on the 

"control" of lixiviant in the wellfield, using hydrology or reservoir engineering fundamentals . 

The "Principle of Superposition" in wellfield hydraulics states that the effect of any injection or 

extraction is additive at any place in the reservoir. In other words; at any particular point in the 

·, aquifer, simply add up the effects of all of the injection and withdrawal from the reservoir on that 

point. Another hydrologic fundamental is that the change in pressure caused by injection or 

extraction of water decreases exponentially with increasing distance. That is, injection or 

extraction of water creates a much smaller pressure change in the aquifer at a distance than close 

to the well. 

Table 7 in Pelizza's affidavit shows the pressure change caused by reinjection of bleed at 

various distances from an ISL wellfield. Affidavit of Mark Pelizza at Table 7. The velocities 

were calculated at steady-state, which means that they would be the maximum velocities 
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achieved with increasing time. Using the minimum distance from the ISL wellfield to one or 

more reinjection wells, 500 feet and the values of21 % porosity and 200 feet thickness as 

conservative assumptions to increase the velocity (velocities at 25% porosity and 250 feet 

thickness ,are more likely averages at Churchrock Section 8. Affidavit of Pelizza), the velocities 

moving away from the well were made negative, while those moving toward the well were made 

positive. Id. As indicated in Table 4 in Pelizza's Affidavit, the maximum change in velocity, 

would be 21.3 feet per year for the distance of 500 feet from the reinjection well, and that would 

be directed into the interior of the ISL wellfield because water moves away from the reinjection 

well. In other words, if the direction of the water movement at 500 feet from the reinjection 

point was not moving at all prior to starting the reinjection, it would start moving at 21.3 feet per 

year away from the reinjection well upon reinjection. If the water was already moving away 

from that well, the reinjection would cause it to move 21.3 feet in one year more than it would 

have moved anyway. If the water velocity at 500 feet was already directed toward the 

reinjection well, then the velocity of that water would slow by 21.3 feet per year. Far from the 

"critical feature" suggested by Wallace, this shows that reinjection of bleed is an insignificant 

feature, thus, his concerns are unfounded. Reinjection will have an insignificant effect on 

control of lixiviant at Churchrock Section 8. 

III. HRI'S GROUNDWATER MONITORING PLAN IS ADEQUATE. 

Contrary to Intervenors' assertions, HRI's monitoring plan as set forth in the COP Rev. 

2.0 is sufficient for the conditions presented by this project. 

A. The Proposed Spacing of Groundwater Monitoring Wells Is Adequate 
to Provide Timely Detection of Horizontal Excursions. 

Intervenors claim that because the mineralized sand channels in the Westwater are 

narrow in width, monitor wells placed 400 feet apart are likely to miss detecting excursions 

traveling through the sand channels. Brief at 37; relying on Abitz Testimony at 31-32; Staub 
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Testimony at 36; Wallace Testimony at 25. In light of this fact, Intervenors state that the 

maximum separation between monitor wells at Crownpoint should be 200 feet and at 

Churchrock 300 feet. In addition, Intervenors argue that a greater number of wells should be 

located in zones of major transmissivity and aligned in the principal flow directions. Id. at 38. 

As discussed previously, however (McCam Affidavit at 1-2; Orr Affidavit at 3-4; Bartels 

Affidavit at 13-30), Intervenors' hypothesized "channels" do not exist. Moreover, Wallace's 

transmissivity calculations also bear no resemblance to real-world conditions. See Affidavit of 

Craig Bartels at 20-30, 45. Consequently, Intervenors' concerns regarding well placement are 

incorrect. 

B. HRJ's Groundwater Monitoring Plan is Adequate to Detect Vertical 
Excursions in Overlying and Underlying Aquifers. 

1. HRI Provides for Monitoring of the Cow Springs Aquifer. 

Intervenors argue that HRI's license does not require it to monitor the groundwater in the 

Cow Springs Aquifer. Moreover, Abitz is concerned that HRI does not plan to monitor the Cow 

Springs Aquifer. These concerns and arguments are inconsistent with the COP Rev. 2.0 and 

HRI's license. HRI's License Condition 10.32, and COP Rev. 2.0 § 8.2, specify that HRI will 

evaluate the underlying aquifer to determine confinement: 

HRI will collect sufficient water quality data to generally 
characterize the water quality of the Cow Springs aquifer beneath 
the project sites, and will conduct sufficient hydrological 
confinement tests to determine if the Cow Springs aquifer beneath 
the sites is hydraulically confined from the Westwater Canyon 
aquifer. 

HRI contemplates monitoring the underlying aquifer in COP Rev. 2.0 § 8.7.1.1: 

Monitor wells installed in the production zone monitor well ring, and 
those installed in the overlying, and underlying aquifers (where 
applicable) will be sampled, and analyzed for the UCL parameters 
every two weeks during production operations unless unable to do so 
because of uncontrollable events such as snowstorms, flooding. 
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(emphasis added). If testing demonstrates the lack of confinement, then the monitoring 

requirement is implied. However, if t4e fact that monito.ring is required by COP Rev. 

2.0 is not clear enough, LC 10.25 explicitly requires monitoring of the Cow Springs if 

vertical connections are shown to exist: 

If it is determined that a vertical connection exists in a well field 
between the Westwater CanyoQ. aquifer and the Cow Springs 
aquifer, monitor wells will be completed in the Cow Springs 
aquifer within that well field at a minimum density of one well per 
4 acres (1.62 ha) of well field. Groundwater restoration goals and 
upper control limits will be established for these wells, pursuant to 
LC 10.21 and 10.22. Sampling frequencies for all monitor wells 
completed in the Cow Springs aquifer shall be as stated in LC 11.3 . 

2. The Number of Monitor Wells in the Dakota and Brushy Basin 
Aquifers is Adequate. 

On pages 42-43 of their brief, Intervenors complain that "none of the three license 

conditions relating to monitoring of the overlying Dakota and Brushy Basin B aquifers is 

adequate to provide reasonable protection against excursions into those aquifers." Brief at 42-

43. 

At Unit 1 and Crownpoint, License Condition 10.18 requires monitoring in the Dakota 

Sandstone aquifer at a density of one well per 4 acres. License Condition 10.20 requires 

monitoring at the Churchrock site in the Brushy B aquifer at a density of one well per 4 acres, 

and in the Dakota Sandstone aquifers at a density of one well per 8 acres. The NRC Staff 

determined this is adequate "oased on a reasonable assessment of the risk of vertical excursions 

occurring," and that the required monitoring well densities "are consistent with what the NRC 

has approved at other ISL mining operatfons." Ford Affidavit~ 19. 

Intervenors argue that this rationale is faulty because "other ISL mining operations have 

taken place in aquifers where groundwater does not meet drinking water standards." Brief at 43. 

Intervenors are mistaken. URI' s Kingsville Dome and Rosita Operations are both in operation; 
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the Vasquez ISL mine has recently been approved but has not been developed. See Affidavit of 

Mark Pelizza at if 10.2. These URI projects are in regional drinking water aquifers and have 

been issued EPA aquifer exemptions pursuant to 40 C.F.R. § 144.8. Id. As shown in Table 5 of 

Pelizza affidavit, the URI mines are in the Goliad Formation that is an important regional water 

supply aquifer. Within one mile of the Kingsville Dome Project, there are approximately 25 

private water supply wells, all in the Goliad Aquifer. Id. The City of Kingsville (population 

-25,000) draws its water supply from the same Goliad Aquifer. Id. Within one mile of the 

Rosita Project there are approximately 40 private water supply wells, all in the Goliad Aquifer 

(See Attachment 15 for more detail). Id. The City of San Diego (Population - 3000) draws its 

water supply from the same Goliad Aquifer. Id. 

IV. HRI OPERATIONS PROVIDE ADEQUATE PROTECTION AGAINST 
EXCURSIONS. 

A. HRl's License Requires the Use of Excursion Parameters. 

Intervenors are correct that LC 10.21 establishes bicarbonate, chloride and conductivity 

as the indicator parameters for which upper control limits ("UCLs") will be set. Intervenors 

complain, however, that uranium should also be used as an excursion indicator. Brie/at 44-45, 

relying on Abitz at 39-40. 

Intervenors ignore NRC Staff's conclusion that uranium is a difficult parameter to analyze. 

See Ford Affidavit if 29. Intervenors demand that uranium be used as an indicator because it is in 

high concentrations in an oxidizing/carbonate solution. See .Abitz at 39 & 40; Staub at 35. It is 

HRIIURI' s experience that dissolved oxygen in the leach solution is quickly consumed as. the water 

passes through reduced ground: With decreasing oxygen, uranium becomes less and less mobile as 

it moves away from injection wells. See Affidavit of Mark Pelizza at if 14. 

Abitz claims that uranium is needed because dilution will affect other parameters. Abitz.at 

40. Remarkably, Abitz also claims: 
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In my professional judgement, because groundwater will flow 
through very narrow sand channels, there will not be significant 
opportunity for dilution and dispersion of the oxidized uranium and 
associated contaminants. Thus the contamination levels are likely to 
remain high in the excursion plumes when they reach the 
Crownpoint municipal drinking water supply wells and pose a threat 
to groundwater at Churchrock.. 

Abitz at 30, 31. HR.I agrees with NRC staff that most trace metals including uranium will not stay 

in solution for long after they leave the oxidized area .. Nevertheless, HRI has been, and remains, 

willing to use uranium as an indicator. In point of fact however, at URI Texas operations, 

experience confirms that any identified excursions have not had uranium values exceeding UCLs. 

B. HRI Will Use Scientifically Sound UCLs. 

Intervenors take issue with the UCLs for the project which are calculated by using the 

baseline mean concentration for each of the chemical indicators, then adding five standard 

deviations to that value. See Brie/at 45-46. As discussed in the FEIS: 

In choosing the concentration for an upper control limit parameter, 
NRC staff guidance states that 'in order to account for the spatial 
and temporal variations in excursion indicator concentrations, 
upper control limits should be determined on a statistical basis. 
One such statistical technique is the student 'T' distribution' (NRC 
1981 b ). NRC staff guidance also recommends that in some cases a 
simple percentage increase over baseline values may be used (a 20 
percent increase over the established baseline is suggested)(NRC 
1981b). NRC staff have decided that it is acceptable to set 
baseline concentrations based on the mean plus a defined number 
of standard deviations. In areas of good water quality, NRC has 
found the mean plus 5 standard deviations to be acceptable. 
However, in aquifers with good water quality, chloride populations 
have been found to have such a narrow statistical distribution that 
the mean plus 5 standard deviations plus a defined concentration 
has been used. · 

FEIS at 4-20. Since the Westwater is such an aquifer, NRC Staff appropriately chose to use the 

mean plus five standard deviation equation to determine the UCLs. 
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V. HRI ADEQUATELY DEMONSTRATED THAT GROUNDWATER 
RESTORATION CAN BE ACHIEVED. 

HRI's LC 10.21A requires that the primary restoration goal for the project is restoration 

to pre-lixiviant injection conditions and the secondary goal is federal primary and secondary 

drinking water standards. Intervenors take issue with HRI' s restoration goals, the method used 

to calculate such goals (because the baseline allegedly is inflated), the secondary standard for 

barium and fluoride and the fact that restoration goals may be modified depending on what 

occurs in the field. Brief at 46-52. Intervenors ignore the fact that the Presiding Officer has 

already ruled in this case that the standard used by NRC will assure that there will be no 

immediate or irreparable harm from the proposed license activities. See 98-5, In the Matter of 

Hydro Resources, Inc., Memorandum and Order (April 2, 1998). 

HRI is responsible for determining groundwater restoration goals according to the very 

strict procedure described in the COP Rev. 2.0 §§ 8.7.3.8 as follows: 

Baseline water quality will be collected, analyzed, and evaluated 
according to the discussion set forth in Section 8.6. Restoration· 
Target analysis, will be conducted according to the statistical 
procedures set out in Section 8.6.3, and will be reviewed by the 
SERP, and the results documented, and filed . 

The well density, well spacing, parameter list, number of samples, sampling protocol, and QA 

are all prescribed. What remains is for HRI to tabulate data and document results. As stated in 

COP Rev. 2.0 § 6.1: 

Wells will be installed within the production zone to determine 
baseline water quality conditions, as well as monitor wells around 
the outside of the production zone (monitor well ring), to 
document the lateral control of the lixiviant. 

HRI will use the production area average baseline values to establish the primary baseline 

restoration goals. 

As discussed previously, Abitz complains that HRI has established baseline in a 

"skewed" manner because water was not obtained from the ore zone and the non-ore zone. As 

- 21 -



• 

described in the COP Rev. 2.0 § 8.6.3, baseline will be determined after the mine units have been 

installed for groundwater in the ore zone and non-ore zone separately. HRI agrees that baseline 

should be determined in both the production area and the mine area separately. As water in the 

production area would be expected to be naturally higher in radionuclide concentrations, that 

must be accounted for in establishing restoration goals. Conversely, the mine area monitor wells 

would be expected to have lower concentrations of radionuclides; that should be known in the 

event that an excursion needs to be verified and/or corrected properly. Any assertion that the 

values described in Abitz' s Table 1 represent baseline for compliance purposes is incorrect. HRI, 

as well as independent geostatisticians, ~elieve that using actual well field data at a higher 

density makes more sense that trying to statistically contrive baseline from a small population. 

Finally, it is unusual that Intervenors attempt to discredit HRI's regional water quality 

analysis from a limited number of wells in the application yet do not recognize or comment 

about the methodology presented to actually collect and compile baseline in the COP Rev. 2.0. 

Intervenors also express concern about the restoration standards that HRI will be required 

to achieve. Intervenors' brief quotes Abitz as stating: 

Brie/at 44. 

I am concerned ... that the latitude given HRI to achieve 
restoration standards creates, virtually at its own discretion, will 
create an impetus for moving away from existing, pre-mining 
conditions to some level of residual contamination that far exceeds 
drinking water standards. 

Abitz and Intervenors ignore the requirements stated in COP Rev. 2.0: 

If a groundwater parameter listed in Table 8.6-1 can not be 
restored to its secondary goal, HRI will make a demonstration to 
NRC that leaving the parameter at the higher concentration will not 
tln:eaten public health, and safety, and that, on a parameter-by
parameter basis, water use will not be significantly degraded. 
Additionally, it is possible that after groundwater restoration, the 
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TDS secondary goal might be achieved, but the secondary goal for 
individual major ions that contribute to TDS might not be achieved 
because they do not have a secondary, or primary drinking water 
standard (for example bicarbonate, carbonate, calcium, 
magnesium, potassium). As a result, HRI will make a 
demonstration to NRC that leaving a parameter at higher than 
secondary goal concentrations does not threat public health, and 
safety, and that water use will not be significantly degraded. 

·COP Rev. 2.0 at 164. Abitz's restoration concern is unfounded as HRI must demonstrate that 

any deviation from the primary or secondary goal is necessary and adequately protective of 

public health and safety. This process mirrors 10 C.F.R. Part 40, Appendix A and 

.40 C.F.R. § 192 mill tailings groundwater restoration requirements (i.e., restoration to 

background, maximum concentration limits (MCL's), or alternate concentration limits (ACL's)-

a contaminant specific showing of no risk to public health). 

Intervenors argue that restoration standards should be established prior to licensing and 

should be based on appropriate statistical methods for determining baseline. HRI agrees that 

appropriate statistical methods for determining baseline should be employed, in fact, they are 

outlined in the COP Rev. 2.0 § 8.6. However, HRI believes that statistical analysis should be 

applied to a complete data base. 

Intervenors fail to, or refuse to, grasp the fundamental concept of seql,lential development 

of ISL wellfields and the fact that data cannot be collected until an operator installs production 

baseline wells and monitor wells. Prior to placing monitor wells, additional exploration and 

delineation work has to be conducted to assure the wells are properly placed. As wellfields or 

mine units are developed, they are pump tested to assure that the monitor wells are functional 

before they can be sampled. The results in one mine unit may cause the engineer or geologist to 

change design in the next. This process is both progressive and iterative, with each mine unit 

developed and tested as the mineral is progressively depleted from different parts of the ore body. 

There is no other practical way to conduct ISL mining. 
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A. The Track Record of the ISL Industry Demonstrates That 
Restoration Is Feasible. 

Intervenors make unsubstantiated statements that the ISL industry lacks the technical 

know-how to conduct restoration effectively. Brief at 53-57. Intervenors ignore the fact that 

restoration in the ISL industry has been conclusively demonstrated .in New Mexico, Wyoming, 

Nebraska, and Texas. See Affidavit of Mark Pelizza at~ 28. With respect to HRI's operations 

specifically, Intervenors should take comfort in the fact that HRI will continuously refine and 

update the surety amount for restoration with the very best information that can practically be 

obtained. 

VI. HRl'S PLANNED USE OF CHURCHROCK SECTION 8 AS A 
RESTORATION DEMONSTRATION IS NOT HYDROLOGICALLY 
UNSOUND. 

HRI plans to mine Section 8 at Churchrock, before Section 17. COP Rev. 2.0 at Figure 

1.4-8. This plan is incorporated as a license condition. Intervenors claim that by commencing 

operations and restoration at Section 8 before Section 17, restoration will be more difficult in 

Section 8. Brief at 58-59. Even assuming that Intervenors are correct that restoration may prove 

more difficult if operations commence there first, they have not even attempted to explain how 

the public health and safety will be at risk as a result of a.more difficult restoration exercise. 

Intervenors' concerns with respect to HRI's commercial decision to begin at Section 8 are 

unfounded. Moreover, as stated above, the Presiding Officer has already ruled in this proceeding 

that the groundwater restoration standards are adequately addressed by the Staff as license 

conditions in HRI's license. See 98-5, In the Matter of Hydro Resources, Inc., Memorandum and 

Order (April 2, 1998). 
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VII. HRl'S OPERATION DOES NOT THREATEN THE SAFETY OF THE 
PUBLIC WATER SUPPLY. 

Intervenors claim that HRI's proposed project will "violate the SDWA prohibition on 

underground injections which threaten public health." Brief at 59-64. Moreover they claim that 

HRI cannot qualify for an aquifer exemption. Id Unfortunately for Intervenors, they ignore the 

fact that HRI already has an aquifer exemption for Churchrock Section 8. They also ignore the 

Presiding Officer's findings with respect to the use of drinking water: "Staff is persuasive that the 

standard used by NRC will assure that there will be no immediate or irreparable harm from the 

proposed license activities. See 98-5,. In the Matter of Hydro Resources, Inc., Memorandum and 

Order (April 2, 1998). 

With respect to aquifer exemptions, before HRI can begin mining, EPA must approve an 

underground injection control (UIC) permit and an aquifer exemption for the project.· Because 

HRI currently has an aquifer exemption for Section 8, by definition, (and contrary to Intervenors' 

claims) there is no drinking water in the mining zone because of the high concentration of 

naturally occurring radionuclides. 10 Moreover, before HRI can begin mining at Section 17, Unit 

I or Crownpoint (although these portions of the project are not at issue in this portion of the 

hearing), HRI must secure a UIC permit an~ aquifer exemption for those portions of the project. 

Like the aquifer exemption for Section 8, those aquifer exemptions will ensure that there can be 

no significant impact on drinking water sources. 11 

10 As mentioned above, EPA's regulations provide that an exempted aquifer is one that "does 
not currently serve as a source of drinking water" and "ci:.umot now and will not in the future 
serve as a source of drinking water." 40 C.F .R. § 146.4. As noted by Pelizza in his affidavit, 
the water in the ore zone contains very high levels of naturally occurring radionuclides. One 
way to show that the aquifer cannot now and will not in the future serve as a source of 
drinking water is to demonstrate that the aquifer contains commercially producible minerals. 
40 C.F.R. § 146.4(b)(l). 

11 HRI notes that, yet again, Intervenors direct their allegations of claims of drinking water 
contamination to Unit I and Crownpoint which are not the subject of this hearing. 
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VIII. THE FEIS ADEQUATELY DESCRIBES IMPACTS OF THE 
CROWNPOINT URANIUM PROJECT ON GROUNDWATER. 

As Intervenors' claims challenging the groundwater aspects of the FEIS are merely a 

reiteration of the claims discussed above, they lack merit and should be dismissed. 

CONCLUSION 

HRI has satisfied all requirements for obtaining the Materials License at issue. For all the 

aforementioned reasons, Intervenors' request that the Presiding Officer revoke HRI's license to 

operate at Churchrock Section 8 should be DENIED. 

Respectfully submitted this 19th day of February, 1999. 

a~n?~ I 
Anthony J. Thom ~no 
Frederick S. Phillips 
David C. Lashway 
SHAW, PITTMAN, POTTS & TROWBRIDGE 
2300N Street, N.W. 
Washington, D.C. 20037-1128 
Tel.: (202) 663-8000 
Fax: (202) 663-8007 

J eptha P. Hill 
Law Office of Jeptha P. Hill 
816 Congress A venue, Suite 1100 
Austin, Texas 78701-2443 

ON BEHALF OF HYDRO RESOURCES, INC. 
2929 Coors Road, Suite 101 
Albuquerque, New Mexico 87120 

-26 -



• 

February 19, 1999 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

. Thomas D. Murphy, Special Agent 

In the Matter of: 

HYDRO RESOURCES, INC. 
2929 Coors Road, Suite 101 
Albuquerque, NM 87120 

) 
) 
) 
) 
) 
) 

--------------) 

Docket No. 40-8968-ML 
ASLBP No. 95-706-01-ML 

CERTIFICATE OF SERVICE 

I hereby certify that copies of the foregoing documents, HYDRO RESOURCES, INC.'S 
RESPONSE TO INTERVENORS' BRIEF IN OPPOSITION TO HYDRO RESOURCES, 
INC.'S APPLICATION FOR A MATERIALS LICENSE WITH RESPECT TO 
GROUNDWATER ISSUES, in the above-captioned proceeding were sent to the following by 
first-class mail on this 19th day of February, 1999. 

Administrative Judge 
Peter B. Bloch, Presiding Officer 
Atomic Safety and Licensing Board 
Two White Flint North 
11545 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 

Office of the Secretary 
Attn: Rulemakings and Adjudications Staff 
One White Flint North 
11555 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 

Adjudicatory File 
Atomic Safety and Licensing Board 
One White Flint North 
11555 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 

Office of Commission Appellate 
. Adjudication 
One White Flint North 
11555 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 



• 

• 

I. 

Administrative Judge 
Thomas D. Murphy 
Special Assistant 
Atomic Safety and Licensing Board 
Two White Flint North 
11545 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 

Jep Hill, Esq. 
J ep Hill and Associates 
816 Congress A venue, Suite 1100 
Austin, Texas 78701 

Mitzi Young 
John Hull 
Office of the General Counsel 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Mr. Mark Pelizza 
Vice President 
URI, Inc. 
Lockbox 12- 12750 Merit Drive, Suite 1020 
Dallas, TX 75251 

Mitchell W. Capitan, President 
Eastern Navajo-Dine Against 

Uranium Mining 
P.O. Box471 
Crownpoint, New Mexico 87313 

Atomic Safety and Licensing Board Panel 
One White Flint North 
11555 Rockville Pike 
U.S. Nuclear Regulatory Commission 
Rockville, Maryland 20852 

Richard F. Clement, Jr., President 
Hydro Resources, Inc. 
2929 Coors Road, Suite 101 
Albuquerque, New Mexico 87120 

Douglas Meikeljohn 
Johanna Matanich 
New Mexico Environmental Law Center 
1405 Luisa Street Suite 5 
Santa Fe, NM 87505 

Diane Curran, Esq. 
Harmon, Curran, Spielberg & Eisenberg 
2001 S Street, N.W.', Suite 430 
Washington, D.C. 20009 

W. Paul Robinson 
Chris Shuey 
Southwest Research and Information Center 
P.O. Box 4524 
Albuquerque, New Mexico 87106 

2 



• 

• 

Marilyn Morris 
c/o Roderick Ventura 

and Samuel D. Gollis 
DNA - People's Legal Services, Inc. 
P.O. Box 306 
Window Rock, AZ 86515 

Document#: 723401 v.l 

Grace Sam 
c/o Roderick Ventura 

and Samuel D. Gollis 
DNA - People's Legal Services, Inc. 
P.O. Box 306 
Window Rock, AZ 86515 

David C. Lashway 
SHAW PITTMAN POTTS & TROWBRID 
2300 N Street, N.W. 
Washington, DC 20037 

Counsel for Hydro Resources, Inc. 

3 



• 

• 

In the Matter of: 

February 19, 1999 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy, Special Agent 

HYDRO RESOURCES, INC. 

) 
)' 
) 
) 
) 
) 

Docket No. 40-8968-ML 
ASLBP No. 95-706-01-ML 2929 Coors Road, Suite 101 

Albuquerque, NM 87120 
~~~~~~~~~~~~~) 

HYDRO RESOURCES, INC. 'S RESPONSE 
TO INTERVENORS' BRIEF IN OPPOSITION TO HYDRO RESOURCES, INC.'S 

APPLICATION FOR A MATERIALS LICENSE WITH RESPECT TO 
GROUNDWATER ISSUES 

EXHIBITS 



! ~ 
I, 

I 
j; 
1· 

,. 

" 
[. 
I 
,. 

·' 
!' 

~ : 

•' 
' 

i· 
i 

~ : 

/: ,. 
•, 

In the Matter of: 

February 19, 1999 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy, Special Agent 

HYDRO RESOURCES, INC. 
2929 ·Coors Road, Suite I 0 I 
Albuquerque, NM 87120 

). 
) 
) 
) 
) 
) 

Docket No. 40-8968-ML 
ASLBP No. 95-706-01-ML 

~~~~~~~~~~~~~~) 

AFFIDAVIT OF MARKS. PELIZZA 
PERTAINING TO WATER QUALITY ISSUES 

Before me, the undersigned notary on this day appeared Mark S. Pelizza, a person known 

or identified to me, and who after being duly sworn deposes and says the following: 

A. PERSONAL 

My name is Mark S. Pelizza; I am over the age of 18 years, have never been convicted of 

a felony and am otherwi~e fully competent to make this affidavit, The factual matters set out 

herein are within my personal knowledge or my corporate knowledge based on my official 

capacity as set out herein. The ·opinions set out herein are based upon data and analytic 

techniques reasonably and customarily used by qualified environmental professionals to form 

opinions and draw scientific inferences for the purposes of important health, safety, 

environmental, regulatory and related business decisions. 



B. PROFESSIONAL QUALIFICATIONS 

I am Vice President of Health, Safety and Environmental Affairs with Uranium 

i' Resources, Inc:, parent company to HRI, Inc. and URI, Inc. I have served in this position for 

three years. Prior to being named Vice President, I served Uranium Resources, Inc. as 

: : Environmental Manager with similar corporate environmental responsibilities. I have been 
' 
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' 

employed with Uranium Resources, Inc. for nearly 19 years. I have been employed as a health, 

safety and environmental professional in the in situ uranium industry for 21 years. I have taken 

an active leadership role with various professional trade organizations in developing the current 

in situ uranium industry rules, regulations and policies, cooperating with federal and state 

regulatory agencies in doing so. In support of my background a current resume is attached. 

During my employment with Uranium Resources, Inc., I have personally supervised all 

radiological and non-radiological occupational .health, safety and environmental programs for 

operations conducted by HRI/URI in New Mexico, Texas, and Wyoming. This includes 

radiological and non-radiological occupational and environmental baseline data collection, 

operational programs, restoration/reclamation programs and regulatory liaison. I have been 

Uranium Resources, Inc.' s primary managerial support representative for all environmental 

litigation. As such, I have first hand knowledge of the technical issues that were addressed in 

ENDAUM and SRIC's Brief and Expert Opinion Pertaining to Water Quality Issues. 

I have personally supervised all radiological and non-radiological health, safety and 

environmental permitting activities associated with HRI since the Crownpoint Uranium Project 

(CUP) was conceived. In this capacity all environmental studies, reports, papers, permit and 

license applications and regulatory requirements have either been completed by me or under my 

supervision. I have been HRI's representative at numerous public presentations regarding the 
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project over the past decade. I have been HRl's regulatory liaison throughout the project. Given 

this background I have a first hand knowledge of the CUP's developmental history, and the 

regulatory framework under which HRI will be required to operate. 

Project related experience is detailed as follows: 

The Alta Mesa ISL Project is an undeveloped ISL project in Brooks County, Texas. 

Under my supervision, URI, Inc. has conducted environmental studies, prepared permit/license 

applications, procured the Underground Injection Control (UIC) Permit for mining, the UIC 

Permit for deep well disposal, the initial Production Area Authorization (PAA), and the Air 

Control Permit. The Radioactive Materials License is ready to be issued. 

The Benavides ISL Project is a reclaimed ISL project in Duval County, Texas. Under my 

supervision, URI, Inc. has conducted environmental studies, prepared permit/license 

applications, procured the Underground Injection Control (UIC) Permit for mining, four PAA's, 

the Air Control Permit, the surface discharge permit and the Radioactive Materials License. I 

served as Corporate Radiation Safety Officer (CRSO) for this project with oversight for the 

radiation safety and environmental protection program and permit compliance during operations. 

During reclamation my job was to assure that regulatory requirements were met. Reclamation 

has been approved for this project. 

The Churchrock ISL is an undeveloped ISL project in McKinley County, New Mexico. 

The project is part of the CUP and consists of a satellite to the Crownpoint Central Plant that is 

designed to produce uranium loaded resin. Under my supervision, HRI, Inc. has conducted 

environmental studies, prepared permit/license applications, procured the UIC Discharge plan 

and the Radioactive Materials License. I serve as the technical support manager for the UIC 

PERMIT/TAD administrative hearings before the ASLB. 
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The Crownpoint ISL Project is an undeveloped ISL project at McKinley County, New 

Mexico. This facility is capable of processing uranium through the drying and packaging stage 

from mining on location and from satellites. Under my supervision, HRI, Inc. has conducted 

environmental studies, prepared permit/license applications, and procured the Radioactive 

Materials License. I served as the technical support manager for the administrative hearings 

before the ASLB. 

The Kingsville ISL Dome Project is an operational ISL project in Kleberg County, Texas. 

This facility is capable of processing uranium through the drying and packaging steps from on 

location as well as from satellites. Under my supervision, URI, Inc. has conducted environmental 

studies, prepared required permit/license applications, procured the Underground Injection 

Control (UIC) Permit for mining and a major expansion to that Permit, three PAA's, the UIC 

Permit for deep well disposal, the Air Control Permit, and the Radioactive Materials License. I 

serve as Corporate Radiation Safety Officer (CRSO) for this project with oversight for the 

radiation safety and environmental protection program and permit compliance during operations. 

I served as the technical support manager for five administrative hearings for the permit and 

license and the expansion amendments to each. 

The Longoria ISL Project is a reclaimed ISL project in Duval County, Texas. Under my 

supervision, URI, Inc. has conducted environmental studies, prepared permit/license 

applications, procured the Underground Injection Control (UIC) Permit for mining, two PAA's, 

the Air Control Permit, the surface discharge permit and the Radioactive Materials License. I 

served as Corporate Radiation Safety Officer (CRSO) for this project with oversight for the 

radiation safety and environmental protection program and permit compliance during operations. 
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During reclamation my job was to assure that regulatory requirements were met. Reclamation 

has been approved for this project. 

The North Platte ISL Project is a reclaimed ISL pilot project in Converse County, 

Wyoming. Under my supervision, URI, Inc. conducted environmental studies, prepared all 

required permit/license applications, procured the Underground Injection Control (UIC) Permit 

for mining, the surface discharge permit and the Radioactive Materials License. 1 served as 

Corporate Radiation Safety Officer (CRSO) for this project with oversight for the radiation 

safety and environmental protection program and permit compliance during operations. During 

reclamation my job was to assure that regulatory requirements were met. Reclamation has been 

approved for this project. 

The Palangana ISL Project is a reclaimed ISL project in Duval County, Texas, owned by 

Union Carbide Corp. I served as Radiation Safety Officer (RSO) for this project with oversight 

for the radiation safety and environmental protection program and permit compliance during 

operations . 

The Panna Maria Uranium Mine/Mill is a conventional uranium mine and mill in Karnes 

County, Texas, owned by Chevron Resources, Company. I was part of the team that conducted 

environmental studies, and prepared mine permit applications. 

The Rosita ISL Project is a operational ISL project in Duval County, Texas. The project 

1s a satellite to the Kingsville Dome project that produces uranium slurry. Under my 

supervision, URI, Inc. has conducted environmental studies, prepared permit/license 

applications, procured the Underground Injection Control (UIC) Permit for mining and a major 

expansion to that permit, three PAA's, the UIC Permit for deep well disposal, the Air Control 

Permit, and the Radioactive Materials License. I serve as Corporate Radiation Safety Officer 
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(CRSO) for this project with oversight for the radiation safety and environmental protection 

program and permit compliance during 'operations. I served as the technical support manager for 

one administrative hearing for the permit. 

The Unit 1 ISL Project is an undeveloped ISL project in McKinley County, New Mexico. 

The project is part of the CUP and consists of a satellite to the Crownpoint Central Plant that is 

designed to produce uranium loaded resin. Under my supervision, HRI, Inc. conducted 

environmental studies, prepared permit/license applications, procured the Radioactive Materials 

License. I served as the technical support manager for the administrative hearings before the 

ASLB. 

The West Cole ISL Project is an ISL project in Webb County, Texas that is currently 

i' under restoration. Under my supervision, URI, Inc. conducted environmental studies, prepared 

permit/license applications, procured the Underground Injection Control (UIC) Permit for 

mining, the UIC Permit for deep well disposal, the initial PAA, the Air Control Permit and the 

Radioactive Materials License. This project was not operated by URI. 

e 
i 

The Vasquez ISL Project is an undeveloped ISL project in Duval County, Texas. The 

project is a satellite to the Kingsville Dome project that is designed to produce ur_anium loaded 

resm. Under my supervision, URI, Inc. has conducted environmental studies, prepared 

permit/license applications, procured the Underground Injection Control (UIC) Permit for 
'· 

!: mining, the UIC Permit for deep well disposal, the initial PAA, the Air Control Permit and the 

: 
i' 

Radioactive Materials License. 
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C. Materials Prepared 

All of the submittals that are shown within Attachment A of SUA-1508 were either 

prepared by me or under my direct supervision. I prepared the Cro\vnpoint Uranium Project 

Consolidated Operations Plan Revision 2.0, August 17, 1997. (COP Rev. 2.0) 

D. MATERIALS REVIEWED 

r· To prepare this affidavit, I reviewed the documents listed below: ,, 

• January 8, 1999 (Testimony and Attachments of Richard J. Abitz) 

• January 8, 1998 (Testimony and Attachments of Michael G. Wallace) 

• January 9, 1998 (Testimony and Attachments of William P. Staub) 

E. EXPERT OPINION 

1. Mine Unit or Production Area Development 

The regulation of ISL operations has developed over a period of 25 years. Commercial 

ISL mining has been conducted primarily in three states, Nebraska, Texas and Wyoming, with 

the largest share of commercial operations in Texas. Texas is an Agreement State under the 

Atomic Energy Act (AEA) and Nebraska and Wyoming are not. All three states have been 

granted "primacy" under the Safe Drinking Water Act (SDWA) by EPA. The regulatory 

programs are slightly different from state to state, however, mostly there are common features in 

all states that are a function of either the minimum requirements that an agreement state must 

meet to obtain primacy from NRC under the AEA and/or EPA under the SDWA and certain 

practical requirements that have been worked out between the Agencies and the operators over 

; time to make ISL development proceed in a predictable manner and timeframe. One basic 
! ~ 

programmatic feature that a ISL miner will encounter from state to state is the requirement for an 

Underground Injection Control (UIC) Permit that is issued by an agreement State agency 
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i pursuant to SWDA. To be compliant, this permit must always coincide with an Agreement State 

UIC program amendment from EPA which is called an Aquifer Exemption1
• While an aquifer 

exemption is not issued to a company proper, it is important because a company cannot legally 

operate the mine without it. For an aquifer exemption to be issued, the state must demonstrate to 

EPA that the aquifer is currently not an underground source of drinking water and will not 

: : become one because it is capable of producing minerals. It is important to note that the 
i' 

exempted area must be at least as large as the UIC permit area because the exempted area defines 

the limits where the underground injection is authorized. An operator also needs a Radioactive 

Materials License either from the NRC or from an equivalent Agreement State agency. 

Early in the regulation of ISL operations a potentially conflicting need became clear 

between regulators, who wanted to maintain additional surveillance beyond what was available 

in the base permit, over mine development, and related activities, and operators who needed 

predictable timing in the development of ~ew mine areas to allow for proper mine planning. By 
,, 
,, 
., their nature, ISL operations were developed progressively, working one piece of the ore trend at 

• a time, depleting an area and subsequently having to add new reserves to maintain a steady flow 

of product. Because ISL operations are so capital intensive, it was necessary for the company to 

plan wellfield development in increments that went forward just enough to meet production 

requirements yet were not built so far out that a company was stuck. with stranded costs that 

would make the project uneconomic. 

Each state developed slightly different regulatory programs to achieve the regulators 

I 
1· technical requirements and the timing needs of the operating company. Agencies maintained the 

requirement that companies obtain a base permit, where the feasibility of the project was 

In New Mexico the state calls an Aquifer Exemption a "Temporary Aquifer Designation" which for all 
practical purposes is an Aquifer Exemption as Referred to in 40CFR144.8. 
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round of data collection that the regulators could review and have input into as individual 

wellfields were developed. NRC has treated this iterative process by .requiring that a Licensee 

conduct certain studies for each "mine unit" as that unit is developed. These studies include 

pump tests, water sampling programs, data tabulation, statistical analysis, and reports according 

to a prescriptive set of procedures that are approved as part of licensing. In the case of the CUP, 

this testing is performed and evaluated on a Performance basis pursuant to LC 9.4. 

As a specific example, in Texas the need for sequential production area development has 

been accommodated by the Area Permit/Production Area Authorization permit procedure. In 

short, an ISL miner is required to procure a "base' permit before mining can begin (see 

, . Kingsville Dome Base Permit in Attachment 1 ) .. This permit contains the general provisions that 

·' I' 

• I, 

apply to the project, i.e. the location of the project, how tests are to be conducted, which rules are 

applicable and the general permit provisions. The base permit is subject to. an adjudicated public 

hearing before an administrative hearing examiner. It should be noted that while the base permit 

does not contain actual baseline values it does prescribe the methods to calculate these values. 

The second step in the Texas regulatory program involves the procurement of Production 

Area Authorizations (PAA). A PAA is not a permit or a permit amendment. No federal statute or 

1· agency rule requires or even mentions PAA's. PAA provide a mechanism for the State's continuing ,. 
I, 
i 

,, 
I' 

,, 

! 

involvement while allowing development to proceed without unnecessary delay. Granting of the 

PAA does not require any further opportunity for hearing, as the public has already been accorded 

their due process right to a hearing on the base permit. The PAA process recognizes that delay will 

cause a company severe and irreparable harm. 
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Prior to issuance of a PAA the EPA also will have granted a company an aquifer 

exemption for the permit area. As noted above, to make these grants, EPA has to determine that 

the portion of the aquifer targeted for mining within the .Permit area does not and could not serve 

as a source of drinking water because it contains commercially producible minerals. 

40CRR144.8. All PAA's fall within the exempted area. 

As provided in the. TNRCC rules,. an Application for a PAA includes: (1) a updated mine 

plan, (2) a restoration table, (3) a baseline water quality table, ( 4) control parameters upper 

limits, (5) monitor well locations and special provisions (as consistent with the permit and order 

granting it). Each of these is, and must be, a straightforward report of objective fact or a simple 

calculation made from such facts. The mine plan presents the miner's plan for sequencing 

development of the mine area and estimates calendar dates for production and restoration. The 

restoration table is produced by applying the simple arithmetic steps set out in the permit and 

Commission rules to the baseline water quality data gathered from wells in the production area. 

Finally, the permit sets the control parameters and their upper limits are calculated as required by 

the permit. In reviewing a PAA request the Commission is constrained by its own permit and 

prior order. It cannot engage in or enter a collateral attack on its own prior order (without 

commencing a proceeding to amend, suspend or revoke the permit). Therefore, review of a PAA 

filing is a very limited exercise 

Once a PAA is approved, a company will begin to install production area patterns, a 

process that will precede actual production by 3 to 4 months. At that time, the company will 

have become fully staffed with technical experts who will have already established the baseline, 

installed monitor wells, and a monitor well ring for the PAA, conducted sampling of these wells, 

and conducted requisite pump testing. 
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In summary, the purpose of a PAA is an administrative device created in concert with the 

mining industry to facilitate agency supervision of wellfield development under its existing 

license or permit without impeding the project's development timetable. The timing is important 

because of the capital-intensive nature of mining operations. 

Returning to the. example in Attachment 1, Texas base UIC Permit UR0-2827, an 

underground injection control (UIC) permit authorizing ISL mining that was first issued by the 

Texas Water Commission (TWC) December 30, 1986 for a permit area of 547 acres and four 

production areas. A public hearing was conducted on this permit. URI began uranium mining at 

KVD in 1988 and at the same time conducted a successful aquifer restoration demonstration in 

the ore zone in the Goliad Aquifer. The same year, URI filed an application to enlarge the 

permit area to include adjacent reserves it had discovered and leased. A public hearing was 

conducted on this amendment. As documented in Attachment 2, URI currently mines uranium in 

three production areas at KVD pursuant to PAAs issued by the Texas Natural Resource 

t· Conservation Commission: PAA No. 1 (UR02827-011) issued on April 12, 1988, PAA No. 2 
' 

(UR02827-021) issued on June 28, 1990 and PAA No. 3 (UR02827-03 1) issued on February 28, 

1998 under its current permit for the KVD mine. (See Commission Order preceding PAA No. 3 

in Attachment 2). 

The Base Permit/PAA procedure that is currently operative in Texas is directly analogous 

to the performance oriented license that has been issued to HRI for the CUP2
• HRI's license, 

which incorporates the COP Rev. 2.0 ~ontains detailed methodologies for Mine Unit 

development~' PAA in Texas). The development of a Mine Unit must be documented by a 

2' As an example Figure 1.4-8 of COP Rev. 2.0 shows the Churchrock Section 8 property broken into four 
wellfields or mine units. While the exact geometry of these mine units will be subject to change as additional 
delineation drilling is performed, the configuration that is shown in Figure 1.4-8 does provide good examples of the 
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report that is reviewed by the SERP. The mine unit report3 is a straightforward analysis of 

objective fact or a simple calculation made from such facts. The 'mine plan presents the miner's 

plan for sequencing development of the mine area and estimates calendar dates for production 

and restoration. Applying the simple arithmetic steps set out in the· License and COP to the 

baseline water quality data gathered from wells in the production area produces the restoration 

table. Finally, the License and COP set the control parameters and their upper limits that are 

calculated as required by the License and COP. In reviewing a wellfield development document 

the Safety Environmental Review Panel "SERP" is constrained by the requirements within the 

License and COP; the review, therefore, its review has a very limited scope. The types of 

1 questions that may be asked are as follows: 
" 

]' 

1. 

!, 
I' 

' 

~ ' 

i• 
;1 

• Has the company collected the data required by the License and COP, i.e., restoration 
table, baseline water quality table, control parameter upper limits, and proposed 
monitor well locations? 

• Have the baseline values been properly .calculated as required by the License and 
COP in order to set control parameter upper limits? 

• Are the proposed locations of the groundwater monitor wells in compliance with the 
requirements of the License and COP on the number and horizontal spacing of wells? 

• Do the pump test data indicate that the completion depths of the monitor wells are 
appropriately determined? 

2. Pore Volumes - An Important ISL Term of Art. 

The. term "pore volume" (PV) is a term of convenience that has been conceived by the 

ISL industry to describe the quantity of free water in the pores of a given volume of rock. The 

units are provided in gallons. PV s provide units of reference that a miner can use to describe the 

amount of circulation that is needed to leach an ore body, or describe the times water must flow 

through a quantity of depleted ore to achieve restoration. PV s provide a way that a miner can 

take small scale studies, such as studies in the laboratory, and scale them up to field level or 

way individual production areas or mine units as planned. Each would be subject to individual testing and analysis 
as described in §8.5 and §8.6. 
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PVs are calculated by determining the three dimensional volume of the rock (that is the 

ore zone) and multiplying this number by the percentage or porosity. Some operators use a 

simple "pattern method" where pattern dimensions4 are used to determine the area of the ore and 

then the area is multiplied by average well screen thickness5 to determine the volume of affected 

rock. The pore volume of the five spot is calculated by multiplying the volume of rock by the 

percentage of porosity and then converting to the units of measurement (i.e. gallons). The total 

PV of a mine unit is calculated by adding all the five spot patterns in the mine unit. Other 

operators may choose the "ore area" method where they map the extent of economic ore within a 

mine unit and digitize the area of the mapped ore to provide the area. This area is then 

multiplied.by the average ore thickness to provide the three dimensional volume of the ore that is 

to be leached. This volume is converted to a PV by multiplying the ore volume by the 

percentage of porosity and then converting to the units of measurement (i.e. gallons). Each 

method provides similar results. HRI uses the "ore volume" method. See the example in 

1' Attachment 3 that describes the PV calculation for the Churchrock Section 8 location. :· 

: : "Flare" factors or pore volume factors are multipliers that are ~ommonly used by the ISL 

;; 

•' ! 
' 

{, 

industry to account for leach solution outside of the specific boundaries of the calculated ore PV. 

Different operators use different factors so·there is no set rule as to what the exact number is. It 

is generally accepted, however, that volume increases6 due to flare. should be recognized in cost 

3 

4 

5 

6 

See COP Rev. 2.0 § 8.7.3. 
For example if an ISL operator used 50 ft. by 50 ft. five spot patterns, the area of the pattern is 2500 ff. 
In the above example, if the screen thickness was 10 ft. then the volume of ore in the five spot is 25000 ft3

• 

Flare outside of the ore zone is the norm. In the subsurface water moves in a radial pattern from injector to 
extractor in its path across the target ore. By choosing patterns carefully flare is minimized. However, as an 
expected component of ISL mining the flare factors are included in the bonding calculation as a deliberate cost 
contingency. There is a limit on acceptable flare; which is the horizontal monitor wells. If lixiviant is detected in 
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estimates. Also, when comparing the restoration performance of one mine against the other, the 

comparison should include a clear description of what the pore volume factors were to allow a 

meaningful comparison. 

HRI uses pore volume increase factors of 1.5 for horizontal and 1.3 for vertical flare. 

These are factors that have been calculated by URI engineers and have satisfactorily tracked 

uncorrected pore volume by 1.3. This corrects vertical increase. The resulting number is 

referred to by HRI as the corrected pore volume and is used in economic and restoration cost 

estimates. This number is in tum multiplied by the assumed number of pore volumes to 

determine water treatment and disposal volumes and costs. During the Churchrock restoration 

demonstration that is described in LC.10.28, HRI will use these factors to determine the number 

of pore volumes that are processed during restoration. 

Pore volume calculation for the C~urchrock Section 8 location, that is essentially the 

same as that presented in RAI Q59 Attachment 59-1, follow in Attachment 3 an example of how 

the calculation is determined in a commercial project. In this example HRI used a horizontal PV 

increase factor of 1.5, a vertical PV increase factor of 1.3, and circulation of 9 corrected PV. 

3. Intervenors' Witnesses Lack ISL Expertise. 

The list of qualifications of Intervenors' witnesses Abitz and Staub reflect no ISL 

expertise that would provide the basis for the speculative opinions found in their testimony. 

Additionally, they seldom present evidence for their opinions or demonstrate how these opinions 

the horizontal monitor wells it is no longer simply flare but it then becomes an excursion. An excursion requires 
immediate corrective action to draw lixiviant back to the mine zone or the bonding must be increased to compensate 
for the increase in restoration cost. (See L.C. 10.13 which requires a bond increase if corrective action is not 
completed in 60 days) 
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have basis in fact. Abitz demonstrates no familiarity with the history of the ISL regulatory 

program. Many of his ·concerns are, in fact, addressed by the established regulatory programs. 

For example, Abitz shows no appreciation for the necessity of incremental development in ISL 

operations. As stated in § 1 above, incremental development of ISL sites have been practiced in 

.states such as Texas because regulators recognize it is an economic necessity and public health 

and safety are still protected adequately. Abitz neglected any discussion of how this type of 

developmental sequence fits with his concerns. Also, Abitz seems to be completely unaware of 

the UIC program provisions of EPA or states with SDWA provisions that apply to in situ mining 

activities such as the CUP, where aquifers are shared for solution mining purposes and drinking 

water sources. The regulatory determinations that must be made to receive a UIC permit and 

aquifer exemption from EPA address Abitz' s concerns pertaining to ISL mining in drinking 

water aquifers. Either he does not understand the components of the UIC program or he ignored 

them. 

Finally, despite the bifurcation order by Judge ~loch, a large portion of Abitz' s testimony 

deals with Crownpoint issues, and therefore, also is irrelevant. This tends to confuse the 

generally less sensitive issues at the Churchrock sit¢. 

Staub has devoted his career to governmental service but has no "hands on" operational 

experience in the ISL industry. Further, his research is dated. The projects that he worked on 

date back 20 years and were operated prior to EPA's UIC program was promulgated (1982). 

Therefore, his study included some of the operational problems that were used as case studies to 
I 
I 
'! develop the criteria in the modem.DIC program, yet he does not acknowledge the modem EPA 
" 

UIC program or any other modem regulatory criteria designed to mitigate potential adverse 

:· impacts from UIC operations in his testimony. As ·an expert with such a strong governmental 
I 

!' 
' " 
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background. on historical UIC issues, it :would have been appropriate for him to recognize the 

UIC regulations that have been promulgated since 1982. 

4. General Statement of Intervenors' Concerns. 

Abitz and/or Staub state: that the CUP mining is proposed to take place within a potable 

groundwater supply7
; that water quality with respect to uranium and radium varies greatly 

between the zones8 containing uranium ore and the zones without uranium ore; that HRI' s 

extraction of uranium will undoubtedly degrade the quality of groundwater in the aquifer by 

excursions9
; that there has been no successful restoration of an ISL operation10 to drinking 

water standards for selenium, radium, and uraniuni; ·that the non-ore portion of the Westwater 

that meet EPA drinking standards should represent baseline for the ore zone; that the 

:, Westwater is a complex sequence of braided. stream deposits11 containing thin isolated sand 
! 
,. 

" ! 

'· 

;· 

channels that are stacked on top of each other and are commonly separated by layers of 

mudstone and siltstone that will cause a loss of leach solution; that ISL excursion history12 as 

been ignored; and that timely r~storation13 is problematic. These concerns are not based on 

credible evidence and are not demonstrated to be valid. Rather, Abitz and Staub's concerns are 

based on misrepresentations and speculation. 

5. Churchrock Water Quality 

Intervenors' characterizations of Churchrock water quality are internally inconsistent. 

Abitz theorizes that the high radionuclides present in ·the ... Churchrock Section 8 ore zone are due 

to past conventional mining on Section 17 up gradient from Section 8, but presents no evidence 

7 See§ 10. 
8 See§ 9. 
9 See§§ 15-17. 
10 See §§26-28. 
11 See§§ 11-12. 
12 See§ 17. 
13 See§ 28. 
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to support his theory14
• To test Abitz' hypothesis, it is appropriate to look at the overall water 

quality in the mme workings and compare that information to well CR-6, the closest 

downgradient Section 8 observation well to the mine workings at a distance of 490 ft. 

Water quality in the Section 17 mine workings was discussed in RAJ Q2/88; Additional 

water quality information on the mme workings was presented in the Churchrock Project 

Revised Technical Report, 1993, Figures 2.7-2 and 2.7._3 (See Figures in Attachment 4). Water 

in the existing Section 1 7 mine workings has been changed by conventional underground mining 

and, unlike native groundwater, does not meet secondary drinking water standards for TDS (see 

Table 1 taken from RAJ Q2/88 below). Contrary to Staub's analysis on pages 24-25, on this 

basis, Churchrock mine water is limited for future consideration as a potential potable water 

source. As shown on Figures 2.7-2 and 2.7-3 water samples which were obtained from access 

points in the workings have many of the non-radiometric and radiometric properties of the 

anticipated leach solution (i.e. TDS, bicarbonate, sulfate, uranium). This is because the 

formation was intensely oxidized during the conventional mining process as fresh air was 

continually blown through the workings to provide ventilation for protection of the miners. This 

oxidation created the current groundwater quality conditions in the flooded mine workings that 

are almost identical to post-leach ISL chemistry. 

In Table 1, CR-6 and CR-8 TDS are presented along with the TDS from the other wells 

that were developed on Section 8 and from the conventional mine shafts on the adjacent Section 

17. The CR wells show TDS values that are consistent with Westwater Canyon Aquifer values, 

while the TDS values from the shafts resemble concentrations that would be expected in leach 

solution. If water from the workings was responsible for high U values in CR-6 and CR-8, one 

14 I note that on one hand Abitz recognizes the radionuclide levels at Churchrock and argues that they are not 
naturally occurring and on the other hand Staub on page 38, footnote 16 claims" the Churchrock site has low 
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anoxic subsurface environment because uranium does not migrate readily in the subsurface if 

; · there is no oxygen present. The evidence does not show elevated TDS in the adjacent Section 8 
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wells. Contrary to Abitz, the evidence does not show that the mine water influences the Section 

8 wells but rather that high uranium concentrations exist in uranium ore bodies. This elevation 

of U is logical and expected. 

Table 1 - Comparison ofTotai Dissolved Solids (TDS) 
in Waters from Various Locations and Leach Tests 

in the Churchrock Area 

Location Total Dissolved 
Or Sands* Date of Analysis Solids (TDS) 

Test* [ppm] 

OCR Shaft BB/WC Sept, 1993 1,300 
OCR Gravel Shaft Westwater Canyon Sept, 1993 1,070 

OCR VH#l BB/WC Sept, 1993 1,290 
OCRVH#2 Westwater Canyon Sept, 1993 1,320 

CR-1 Dakota March, 1989 8511:) 

CR-2 Brushy Basin March, 1989 418 
CR-3 Westwater Canyon March, 1989 367 
CR-5 Westwater Canyon March, 1989 322 
CR-6 Westwater Canyon March, 1989 384 
CR-8 Westwater Canyon March, 1989 397 

* Abbreviations: OCR = Old Churchrock; CR = Churchrock; VH = Vent Hole; 
BB= Brushy Basin; WC= Westwater Canyon; 

Abitz (p. 14) goes on to develop what appears to be the foundation of his concern, that 

only a small fraction of the Westwater Canyon Member contains uranium mineralization. He 

notes that well CR-7 was placed beneath the mineralization and that the water in CR-7 did not 

have elevated uranium. I agree that higher radiometric parameters are directly associated with 

uranium and Radium concentrations such that it could be used for domestic purposes if developed." 
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the uranium ore body16
. However, there is no conflict with fact that adjacent water resources 

contain lower radiometric parameters; as HRI will only mine in the areas inside the monitor well 

ring where there is uranium ore and will restore that area when mining is complete. The only 

reason we propose t~ develop the property is for uranium production. Furthermore, HRI has 

strong financial incentive to mine only the ore zone; there is no economic product to be 

recovered outside of the ore and additional restoration costs would be incurred. Abitz goes on to 

recommend that HRI establish baseline water quality in the Church Rock area for non-ore and 

ore zones. That is HRI's plan. Apparently, in this regard, Abitz has not read COP Rev. 2.p at 85-

86 where the baseline sampling program for production area .(wellfield patterns) and the mine 

area (monitor well ring) is described. (See § 13 below). 

Abitz suggests that HRI has established inadequate groundwater baseline information at 

Churchrock. His focus, however, is on the information obtained from the few area wells that HRI 

has completed on the property at this point in time. HRI has not established baseline for any 

compliance purposes yet. In fact, the purpose of these widely spaced wells was to establish 

general trends, seasonal variability etc. HRI stated the reason for the Churchrock sampling to 

,. date in the 1993 Churchrock Revised Environmental Report, p. 86 as follows: 

,, 
' 

"Eight waterwells have been drilled and completed at the permit area which were 
used for hydrological testing and to establish water quality characteristics. Four 
wells, CR-3, CR-5, CR-6 and CR-8 were completed in the "A"17 sand. CR-4 was 
plugged. One well was completed in each of the "AA'', "B", and Dakota sands." ... 
"These wells were sampled at least quarterly to determine seasonable or 
laboratory variability. Variability, or lack thereof, will be the basis for 
determining the frequency and number of samples for commercial baseline 
establishment." (emphasis added). 

15 It is worthy to note that the TDS in this Dakota water sample exceeds the EPA Secondary Drinking 
Standard of 500 mg/I. 
16 His observation is universal to uranium deposits. See §9. 
17 The Westwater Canyon Formation -
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Data from these wells were. presented for what they were, general background and 

seasonable variability information. No· statistical manipulation other than simple averaging was 

performed and no proposal was made to use this information for any future purpose, including 

excursion UCLs or restoration criteria. HRI never claimed that the wells drilled on the 

Churchrock property were to establish baseline of any kind. They were drilled to ascertain 

variability from season to season and sample to sample. Baseline will be established in the 

future. A prescriptive methodology was described for obtaining baseline as described in § 13 

below. 

Finally Staub on page 24-25, asserts that CUP water is fundamentally different than water 

at any other ISL mine because of its distance from water supplies. HRI disagrees with this 

premise for the CUP generally (see § 9 below); however, for· the Churchrock site, there simply 

are no close-by water supplies. 

6. Crownpoint Water Quality 

Abitz (p.15) criticizes the adequacy of the data from individual Crownpoint monitoring 

wells that were drilled either by HRI or the previous operator. Staub (p. 24) essentially adopts 

these concerns. I will not address any of these comments in detail because Crownpoint issues 

are not ripe in this portion of the hearing. However, I will make a general comment pertinent to 

Abitz' characterization of HRI' s credibility as an applicant. 

As at Churchrock, the waterwells at Crownpoint were used for hydrological testing and to 

establish seasonal water quality characteristics. Six wells, CP-2, CP-3, CP-5, CP-6, CP-7 and 

CP-8 were completed in the Westwater sand. CP-1 was plugged after a recompletion into the 

Dakota failed. Well CP-10 was completed in the Dakota sands. Well CP-9 was completed into 

the lower Westwater sand. These wells were sampled at least quarterly to determine general 
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conditions including seasonable or laboratory variability. Sampling data were presented simply 

as information. No statistical analysis other than simple averaging was performed and no 

proposal was made to use this information for any future compliance purpose, including 

excursion UCL's or restoration criteria. Intervenors' insistence that HRI has determined that 

baseline is incorrect (p. 17). 

Intervenors' suggestion that some "unknown" testing may have been performed on well 

CP-2 is particularly offensive. (Abitz p. 18). This type of testing. can only mean some sort of 

illegal injection by HRI. · This type of speculation from Intervenors is unprofessional as 

unsubstantiated allegations have no place in technical testimony. Water quality issues for 

Crownpoint will be discussed at the appropriate time. 

7. Unit 1 Water Quality 

Abitz (p .19-20) discussion of the Unit 1 data can be summarized by his common 

message; that water in the ore zone is anomolusly high in radionuclides and it is not mineralized 

outside of the ore. He again asserts that HRI biases its statistical analysis to uranium and radium 

by treating "all groundwater samples as the same population". As discussed in § 13, his 

1· assertion does not correlate with HRI's commitment to separate baseline analysis as described in 

;' COP Rev. 2.0 at 85-88. While the specific adequacy of the Unit One site is not the subject of 

:: this phase of the hearing, there are ubiquitous "CUP ISL" issues that can be gleaned from this 
I 

' 
1. data. 

I 

1' 

l' 

7.1 Southtrend as a Production Area Example 

The water well information from Unit 1 served a different purpose than the Churchrock 

or Crownpoint area observation wells. he wells in Unit 1 represented an actual wellfield (called 

"Mobil Southtrend") that was drilled by Mobil Oil Corporation, yet never placed into production. 
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:· The Mobil Southtrend should not be confused with the Mobil Section 9 pilot, which was in a 

different location. A geometric grid of iajection wells or production wells, which also double as 

I 
baseline wells were completed at a density of approximately one per acre.. The wellfield was 

'1 
!1 

encircled by a ring of monitor wells that were spaced at 400 feet apart and 400 feet from the 

wellfield. There were two monitor wells completed in the first overlying aquifer, the Dakota. 

:. The absence of an underlying aquifer dictated that no underlying aquifer monitor wells were 
•I 

required. The State of New Mexico, which was a NRC agreement state at the time, licensed this 

operation (See License in Attachment 5). The physical layout and the water quality information 

collected from this wellfield were reported by HRI to NRC (See AttachmeD;t 6, Letter to Mike 

Layton, 1996 and a larger scale version of the Mobil Operating Area map in Attachment 7). The 

i· Unit 1 wellfield was also subjected to a hydrologic testing program by a consultant to Mobil Oil 

that was included in the Unit 1 Environmental Assessment, January 1992. (See Attachment 8) 

•' 
' The type of hydrologic testing performed by Mobil is very similar to the type of testing HRI I 

:· ,_ 
I• 

proposes in the COP Rev. 2.0 § 8.5. It was performed for Mobil, in Mobil's first operating area, 

after licensing was complete (i.e. a PAA type analysis). This level of testing will also be 

completed at Churchrock Section 8 after the License is secure and after the mine development 

begins. 

I 

l. 
To facilitate the comparison of the Unit 1 well density to that which will be in place at 

Churchrock Section 8 when it is fully developed, I have taken Figure 3.11 from the FEIS and 

superimposed a 200 ft x 200 ft grid (or an approximate 1 acre grid) in the wellfield (See 

Attachment 9). .Comparing the larger scale version of the Mobil Operating Area map in 

Attachment 7 with the grid on this Churchrock map in Attachment 9 it is apparent that baseline 
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and monitor well locations in Unit 1 are like those that will ultimately be m service at 

Churchrock when the mine unit is complete. 

7.2 Radionuclide Values 

Abitz made note that the water in the ore zone at the Unit 1 wellfield commonly exceeded 

the radium-226 plus radium-228 18 drinking water standard. He also noted that the common ions 

and metals in the ore zone generally meet drinking water standards both in the production zone 

and outside the production zone. I agree with both propositions. However, the Southtrend data 

presents an empirical example of how NORM (i.e. naturally occurring radioactive materials) 

limits the water within the production zone of uranium deposits for a drinking water source as 

described in§ 9. Table 2 below which contains comparative average data19 for the Southtrend 

wellfield. 

Table 2 - Southtrend Radiological Groundwater Summary 

Parameter Prod. Prod. MineArea MineArea EPA N.M. 
Area Max. Area Avg. Max. Avg. Drinking Drinking 

Uranium (mg/I) .1 .012 .004 0 .020 * 5 
Radium (pCi/l) 200 18.1 33 2.5 5 20 
Radon (pCi/l) 1100000 140677 320000 22721 300* ---
Gross A Radiation 610 74 110 10 15 50 
(pCi/l) 

Gross B Radiation 510 69 210 17 --- 50 
(pCi/l) 

* Proposed or under discussion. 

Looking at the values in Table 2, it becomes readily apparent that any drinking water use 

of the water in the production area (injection and extraction wells) at the Unit 1 site is severely 

limited because of the radioactive anomaly that is present (i.e. the uranium ore body). The 

radioactivity is even more apparent if one considers the maximum values of the uranium progeny 

18 HRI has generally measured radium baseline by radium-226 values. This is because we have found that 
Radium 228 levels are insignificant in the CUP locations that HRI plan to develop. In this Affidavit I will not 
distinguish the two isotopes but rather will generally refer to the uranium decay product "radium". 
19 No outlier treatment performed. 

23 



' " " 
1,. 

I' 
\ ~ 

' :· 

'· !• 

" :1 

l: 
!' 
I 

I 
I' 

I· 
1. 
•I 
: ~ 
~ ' 

in the production zone, all which occur in the richest portion of the ore body. This anomaly is 

the classic example of NORM. These same radiological features would be expected at any 

uranium deposit of similar grade that are monitored sufficiently to obtain production level data, 

be it in New Mexico, Wyoming or Texas. It is the same type of production level data that Abitz 

used in describing PRI data on page 34 of his Testimony. What the Southtrend data shows is 

that radionuclides are found irt elevated concentrations in uranium ore be the deposit in New 

Mexico or somewhere else and that that portion of the aquifer cannot be a safe source of public 

drinking water. 

I note that the water outside the mine zone, but within the monitor well ring, has much· 

lower radiological background. This is because, for a variety ·of reasons, radiological 

constituents drop out of solution rapidly with distance from the ore. Consistent with my 

observations of uranium ISL mines· in Texas, New Mexico and Wyoming, radium progeny 

(Radon, Gross A and Gross B) are simply too short lived and have decayed by the time the reach 

monitor wells 400-500 feet away because the water travels exceedingly slowly (10-20 feet per 

year where the half life i~ a few days or· less). Radium is extremely reactive with the calcium 

mineral and/or clays in the rock matrix and reduces significantly by the time it reaches monitor 

wells some 400 feet from the ore and is rarely observed in waterwells that are in the same 

aquifer beyond the license area boundary. In the same way, uranium does not travel great 

distances because it quickly becomes insoluble with the lack of oxygen . 20 

To present the same Mobil Southtrend radionuclide concentrations described in 

Attachment 6 in map format, Attachment. 10 shows the Southtrend wellfield in plan with separate 

i- maps that illustrate contours of equal concentration for Radon, Gross. A ,Gross B, radium and 
!' 

1. 
i 
' 
' ,, 

i ,, 
: ~ 

uranium. From these maps it is apparent that the higher concentrations of radionuclides stay 
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contained within the production area (i.e. the values are very low at the monitor wells). I believe 

these maps illustrate that NORM materials exist naturally in the Westwater Formation, and they 

do not present a public health hazard because this portion of the aquifer is not a source of 

drinking water for the public and because the NORM does not migrate from the ore. Absent 

oxygen, there is simply no reagent available to change the chemical form and cause these 

materials to migrate. HRI' s mining activities will be conducted within the confines of a monitor 

well ring and it is only within the monitor well ring that uranium and associated minerals will be 

oxidized and liberated. Outside the monitor well ring the groundwater remains in its reduced 

state where uranium cannot be soluble. 

7.3 Horizontal Continuity 

From the Unit 1 information I make one final observation in suppo:rt of the discussion in 

§ 12; water quality information does not indicate that the Unit I site demonstrates a "pipeline" 

that facilitates concentrated fluid migration due to pumping of the Crownpoint water wells as has 

been cited in the Intervenors briefs. If there were preferential fluid flow as claimed, it would 

show up as increased radionuclide values on the east side of the wellfield in monitor wells. In 

this case, the monitor wells do not reflect any difference in water quality either toward or away 

from Crownpoint. 

8. Leach Solution Chemistry. 

Wallace p.3 7 comments that my representation of the chemistry of the leach solution as 

benign in a previous Affidavit is "euphemistic" and "absurd". Let me quote exactly my 

representation of the chemistry of the leach solution in the COP Rev. 2.0 p. 165. 

20 See the discussion of URI Kingsville Dome water quality befow. 
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"Specifically, the leaching solution utilized by HRI is simply ground water 
fortified with oxygen, and is. benign compared to the acidic, or ammonia 
bicarbonate leaching solution that were used in earlier in-situ operations. 
(emphasis added) Early leach solutions had the common trait of introducing 
foreign substances to the ground water during mining, which ultimately caused 
restoration difficulties. The proposed leaching solution for this project simply 
changes the oxidation state of the ground water, and utilizes natural ionic 
materials within the water as complexing agents. The pH remains neutral, and 
restoration is centered around reducing naturally occurring constituents in ground 
water which become elevated as a result of the leaching process. Naturally 
occurring radioactive materials, especially uranium, which will be elevated during 
the mining process are the most significant parameter limiting premining use of 
the water and will be subjected to the closest scrutiny during restoration." 

I believe the COP represented the quality ofleach solution accurately. 

Abitz claims that certain parameters within the lixiviant at the CP,urchrock site will 

resemble the Mobil Pilot when the evidence plainly differs. In his Table 3 Abitz takes the liberty 

of changing predicted arsenic, selenium and molybdenum from what was predicted by HRI and 

bases his predictions on the concentrations that were found in the Mobil pilot. While the Arsenic 

value that he presented was not significant, the selenium and especially the molybdenum were 

significantly elevated. The Mobil pilot was conducted in a uranium ore body that i_s a different 

geological age and chemically different than that at any of HRI' s properties21
• Mobil's ore body 

was noted for high concentrations of trace metals, especially molybdenum, a fact about which 

Abitz apparently ignores. Mobil's well documented, long term primary restoration issue in the 

Section 9 pilot was the restoration of Molybdenum. (See § 28 below). Including high 

molybdenum concentrations in the Churchrock projected leach chemistry and suggesting that the 

Churchrock location will have similar restoration problems without understanding the 

21 As states in § 28 below, explain that the Mobil Section 9 pilot was conducted in a uranium ore body that 
had its origin in Cretaceous time. The uranium in this ore is known for it's slow leaching characteristics. It is also 
known as the high molybdenum ore. Containing even more impurities is the older primary ore that was deposited 
with the Morrison Formation in Jurassic time. This ore is essentially unleachable using the proposed leach system 
and contained numerous impurities. (See discussion in DEIS p. 4-8.) All of the CUP ore was implaced in Tertiary 

. time. The uranium in this ore is known for its fast leaching characteristics. High molybdenum concentrations are 
not known to exist in Tertiary ore. 
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differences in the Mobil and Churchrock ore bodies is either disingenuous or reflects Abitz' lack 

" ! of understanding of ore body differences. 

HRl discussed the issue in RAI Ql/53. There has been no evidence of high molybdenum 

r· in Tertiary Churchrock ore as evidenced by the HRI core study presented in the Churchrock 

Revised Environmental Report and summarized within the FEIS pp. 4-31 through 4-34. Other 

, · strong evidence for the lack of molybdenum, selenium and arsenic at the Churchrock location is· 
I 

!· 
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the chemistry of the oxidized Section 17 workings where these trace elements are notably absent. 

(See Churchrock Project Revised Technical Report, 1993, Figures 2.7-2 and 2.7-3 and Old 

Churchrock Water Quality in Attachment 4). Abitz had this information available. to him. 

Inserting the molybdenum values into the projected leach chemistry at Churchrock is 

unprofessional. 

9. Water Quality at the CUP Sites vs. Other ISL Sites. 

9.1 Radionuclides Are Confined to the Ore Zone 

According to Abitz and Staub, none of the other ISL mines in the United states have 

begun with baseline averages (they fail to specify whether they are talking about inside or 

outside the ore body) for uranium and radium that are as low as the baseline averages for the 

Crownpoint Uranium Project, nor has any ISL operation to date restored groundwater to federal 

drinking water standards for radionuclides. 

Abitz describes the PRI A, B, & C, wellfield data and compares it to data from existing 

wells within the Churchrock license area for radionuclides. The Churchrock wells are more 

widely spaced and not necessarily developed in the heart of the ore and therefore, would not be 

expected to have as high of radionuclide values. I.e. the Churchrock wells are more akin to 

monitor wells at a fully developed mine. 
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Apitz confirms the presence of NORM in ur:anium ore bodies on page 34 of his testimony 

stating that: 

"Power Resources, Inc. reported baseline radium values of 675, 313, and 703 
pCi/l for, respectively, their operations in A-Wellfield, B-Wellfield, and C
Wellfield at the Highland Uranium Project". 

I have reviewed the PRI data and ~ow that it was obtained after licensing was complete 

and during mine unit development from production patterns, and the radiUJJ.?- concentrations 

reflect values from the ore zone. Review of PRI information shows as expected radionu~lides 

are more highly concentrated in the production pattern area. (See Southtrend (Unit 1) discussion 

in § 7 above.) 

The case for groundwater NORM mineralization in uranium deposits is further reinforced 

by viewing data from URI's Texas mines. Table 3 shows TDS, U, and Radium for URI's 

production areas. The Table show that while TDS differences are minor, radionuclides drop off 

i: considerably at a distance of only 400 feet from·the. ore. In spite of these values, private and 

' I 

" 

:i 
I• 
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!' 

,, 

~-

municipal wells at greater distance from the ore are commonplace. This is why one portion of 

the aquifer may be exempted in the vicinity of the ore and another may serve as a water supply 

outside of the exempted area. 
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Table 3 - URI, Inc. Production Area Water Quality 

Production Area PZ* TDS MA**TDS PZU MAU 
Alta Mesa 896 843 .034 .012 
Longoria P AAl 1923 1781 .011 .047 
Longoria PAA2 1860 2013 .3 .37 
Benavides PAAl 1103 1211 .083 .15 
Benavides P AA2 1479 1574 .02 .009 
Benavides P AA3 1211 1356 .12 .042 
Benavides P AA4 1103 1211 .083 .015 
KVDPAAl 997 954 .164 .057 
KVDPAA2 1035 1008 1.89 .19 
KVDPAA3 1188 1221 .102 .041 
RositaPAAl 1877 1933 .35 .003 
RositaPAAl 2045 2016 .547 .07 
RositaPAAl 2524 2183 .584 .125 
Vasquez 2018 2044 .045 .026 

* 
** 

PZ is the same as the Production Zone as descnbed COP Rev. 2.0 § 8.6. 
MA is the same as the Mine Area as described COP Rev. 2.0 § 8.6. 

IDS and uranium units (mg/l), radium pCi/l. 

Staub (p. 24-25) claims: 

PZ Ra-226 
83 
97 

36.7 
83 

38.9 
173.1 

83 
21.63 

92 
5.2 
183 

po.3 
87.29 
78.93 

MARa-226 
8.55 
26 ' 

22.9 
6.3 
8.7 

4.27 
6.3 

10.64 
5.7 
4.5 
17.1 
16.1 

14.76 
7.32 

"By comparison, baseline radium concentrations in the aquifers in and around the 
Wyoming sites render the water unsafe for human consumption without treatment 
to reduce radium concentrations below the federal drinking water standard of 5 
pCi/l." 

This quotation is the only one where I found Intervenors' claim that water outside of the 

mine contained mineralization, suggesting that potential use of the aquifer is limited on a more 

regional basis rather than just in the ore zone. (Staub does not qualify what he means by "in and 

around"). The drop in radium values in the monitor wells surrounding the mineralized ore 

deposits presents more strong evidence that the radionuclides do not migrate far. I have shown 

examples for New Mexico (Table 2) and Texas (Table 3). Table 4 provides a similar comparison 

1 
• for the PRI site. 

" I, 
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Table 4. Comparison of PRI22 Production Pattern vs. Monitor Well Radionuclides.23 

Wellfield Pattern Monitor 
· Ra-226 Well Ra-

pCi/1-. 226 pCi/l 
A 675 106 
B 313 6.2 
c 703 48 
D 651 21 
E 630 22 

Based on the presented evidence, radium (and other radionuclides) in Texas, New 

Mexico and Wyoming limits water quality in uranium ore zones and these limitations diminish - . 

greatly with distance from the ore. Radionuclides are not excessively mobile in the subsurface 

and therefore do not present any public health hazard outside the controlled license area. 

However, within the licensed mining zone (exempted portion of the aquifer) the water would not 

be safe before (or after) mining as a public drinking water source due to the naturally occurring 

radionuclides concentrations. 

9.2 Total Dissolved Solids 

Total Dissolved Solids (TDS) have been cited by Intervenors as a substantive difference 

between Texas ISL mines and the proposed CUP. However, TDS make little difference one way 

i, or another. TDS does not preclude the use of the water for drinking (See § 10.1) nor does it 
" :. 

:. impact restoration performance (See § 28). Therefore, Intervenors' comparison of Texas TDS j· 

with the CUP TDS is superfluous. 

9 .3 Ore Zone Water Limitations 

Abitz claims that at the CUP, baseline uranium meets EPA drinking water standards. At 

i. Churchrock, with a limited amount of wells, the· uranium averages slightly greater than 1 ppm. 

22 Information taken from PRI mine unit reports. 
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(See averages in Attachment 11 ). Even by removing the outliers per. the Abitz method, the 

uranium concentrations exceed EPA proposed drinkiri.g standards. At the Churchrock mine 

workings, uranium values of 3 ppm are common. These values do not pose a public health 

hazard because as noted the water in the portion of the Westwater that is to be mined is not a 

source of drinking water. 

Abitz (p. 25) claims that at all three CUP sites radium baseline· is less than 2 pCi/L. 

Staub (p. 43) raises similar concerns. This is incorrect in the area of the aquifer that will be 

exempted for mining. HRI has provided substantial evidence of significant radiological 

constituents at Churchrock and Crownpoint and, as shown in§ 7, in the case of Unit 1, evidence 

of NORM in the mineralized area has been presented statistically. At Churchrock Section 8, the 

radium in the ore sand exceeds drinking water standards. (See Abitz testimony Table 1.) 

However, as further evidence of the types of radilim concentrations that will be present at 

Churchrock, Uranium and radium values :from water pumped :from the Old Church Rock Section 

17 mine are presented in Attachment 12. Water taken :from the shaft, which during mining was 

pumped from the uranium orebody, contains radium values of-52 pCi/l. The radium values in 

water at the cup are similar to other uranium deposits in United States. 

9.4 Restoration to Baseline in the Ore Zone 

Abitz suggests that HRI restore ore zone groundwater to conditions outside the mine area. 

A reasonable person could not expect an operator to try to defy natural conditions and meet a 

standard that is better than before mining. This attitude reflects a philosophical concern that 

Abitz may have with uranium development rather than a true technical concern. 

23 Taken from personal communications with PRI staff. 
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9.5 Treatability 

Staub (p. 20) includes a curious footnote in his testimony. Essentially he claims that 

baseline radium and uranium concentrations do not count in determining water quality use 

standards because they are treatable24 by reserve osmosis and other means. His hypothesis begs 

the question: Any parameter in any aquifer can be treated with enough time and money, 

however, we are not aware of public water suppliers choosing to extract water from ISL mining 

zones and to treat it for public use. Absent treatment and with regard to public health, I believe 

that radium and uranium are the most relevant to the proposed ISL process and present the most 

limiting constituent for drinking uses. In other areas of their testimony, where they criticize 

HRI's restoration evidence, radium and uranium seem to be Intervenors' greatest concern. 

Staub, however, argues that radionuclides do not matter because they are treatable. One cannot 

have it both ways; either the water in the ore zone is limited because of the presence of 

i · radionuclides, or radionuclides are treatable, and it does not matter if they are present. 
' 
I• 

" 

" :· 
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10. ISL Operations Are In Aquifers. 

Abitz (p. 25) claims: 

"ISL operations have never been attempted in aquifers that meet all EPA primary 
and secondary drinking water standards, presumably because it is known that the 
restoration technology is not capable of returning high quality drinking water to 
their pristine state." (emphasis added). 
Abitz (p. 34) goes on to say: 

"This assertion ignores the fact that the NRC has never approved an ISL mining 
operation in an aquifer that serves as a drinking water source, because the ISL 
restoration technology cannot return the groundwater to drinking water quality." 

"For example, ISL operations in Texas and Wyoming take place in aquifers where 
groundwater does not meet drinking water standards." 

24 Treatment of radionuclides presents another problem that Staub has not considered. By removing and 
concentration radionuclides such as radium, the water supply would be faced with a difficult waste disposal 
problem. 
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Staub (p. 24) echoes this sentiment with the opinion that the New Mexico mining sites 
are better water quality than virtually any other ISL mine site. 

Abitz and Staub are patently incorrect. 

For a uranium orebody to be amenable to in situ leach recovery using the type leach 

chemistry proposed at the CUP, the ore must be saturated with relatively fresh water and the 

rock must have enough transmissivity for water to flow from injector to producer well. In other 

words, for ISL recovery to work, the ore must be situated in an aquifer. There are no ISL mines 

that are not in aquifers. In fact, the UIC program has been developed with aquifer protection as 

top priority. EPA has issued aquifer exemptions under similar conditions at other ISL mines and 

groundwater supplies have not been affected. The purpose of the UIC program as it applies to 

the CUP is to provide EPA with the :framework it needs to allow ISL mineral development in a 

portion of geologic strata which also contains drinking water supplies. This is specifically 

provided for in 40 CFR 144.8 as follows: 

"An aquifer or a portion thereof which meets the criteria for an ".U.nderground 
source of drinking water" in § 146.3 may be determined under 40 CFR 144.8 to 
be an "exempted aquifer" if it meets the following criteria: 

(a) It does not currently serve as a source of drinking water; and 
(b) It cannot now and will not in the future serve as a source of drinking water 
because: 

(1) It is mineral, hydrocarbon or geothermal energy producing, or can 
be. demonstrated by a permit applicant as part of a permit application for a 
Class II or III operation to contain minerals or hydrocarbons that 
considering their quantity and location are expected to be commercially 
. producible. 
(2) It is situated at a depth or location which makes recovery of water 
for drinking water purposes economically or technologically impractical; 
(3) It is so contaminated that it would be economically or 
technologically impractical to render that water fit for human 
consumption; or 
(4) It is located over a Class III well mimng area subject to 
subsidence or catastrophic collapse; or 

(c) The total dissolved solids content of the ground water is more than 3,000 and less 
than 10,000 mg/I and it is not reasonably expected to supply a public water 
system." (emphasis added). 
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As. part of the CUP developme~t, HRI must receive an Aquifer Exemption as described 

in '40 CFR' 144.8 before any mining can occur. I note that the EPA has issued the Aquifer 

Designation for the Chtirchrock Section 8 property. 

Abitz (p. 35) concludes with the opinion that: 

"Due to the difficulties in restoring groundwater at ISL mining operations, it is 
clear that ISL mining is not designed for use in aquifers that can be used as a 
drinking water source." 

Based on the discussion above, it is clear that neither Abitz or Staub has any ·experience 

with or understanding of the UIC program, rendering their opinions virtually meaningless. The 

precedent for exempting portions of drinking water aquifers is well established. The uranium 

ore body shares the same Westwater Canyon Formation with a drinking water source, yet in the 

·· portion of the aquifer that HRI plans to mine meets the criteria of 40CFR144.8. 
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TDS in Drinking Aquifers 

Intervenors make a poi.µ.t that the aquifers in Texas are of higher total dissolved solids 

(TDS) and therefore not drinking water quality. As stated in§ 9.2, I concur with the higher TDS 

values in Texas, but not with the fact that the TDS concentrations preclude Texas water from 

being drinking source. 

Abitz (p .. 35) noted that: 

"HRI' s parent affiliate, URI, conducts ISL operations at its Rosita mine and other 
similar mines in Texas in brackish water that is unfit for human consumption due 
to total dissolved solids exceeding several thous~d mg/l:" 

The salinity of water in south Texas does not preclude groundwater use for drinking 

water. Some 40 water supply wells tap the Goliad sand (i.e. the ore sand) within one mile of the 

Rosita mine area. TDS, especially in the quantities found in South Texas aquifers, is not a 
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parameter that impacts health but rather is an aesthetic component that affects taste.25 It is worth 

noting that Abitz (p. 35) chose the South Texas mine with the highest TDS, the Rosita Project, as 

example of the brackishness of the mine area water. Other mines that had lower TDS could have 

been used as examples, including the Kingsville Dome mine that he studied. (See Table 3). 

It is true that some TDS26 values are higher in the groundwater in south Texas. However, 

as noted the constituents that affect the TDS are common ions that simply affect the aesthetic 

makeup of the water. Listed in Table 5 below are commercial ISL mines in Texas that have been 

or are now subject to ISL uranium mining and are also in regional ground water supply aquifers. 

There have been no incidents of contamination to specific public or private water wells or to any 

source of drinking water resulting from these operations. 

10.2 Examples of ISL Mines in Aquifers 

Staub (p. 11) states that ISL mines in locations he studied were not public drinking 

supplies that were at risk in the foreseeable27 future. HRI knows the relationship of ISL 

operations to drinking water aquifers Staub does not. The Mobil Section 9 pilot was conducted 

west of Crownpoint just north of Unit 1. obil also licensed and developed the Southtrend 

operating area inside what is now HRI' s Unit 1. URI' s Kingsville Dome and Rosita Operations 

are both in operation; the Vasquez ISL mine have recently been approved but has not been 

developed. These URI projects are in regional drinking water aquifers and have been issued 

25 As specifically stated in the purpose of the National Secondary Drinking Water Regulations, 40CFR143.l: 
"This part establishes National Secondary Drinking Water Regulations pursuant to section 1412 of the Safe 
Drinking Water Act, as amended (42 U.S.C. 3009-1). These regulations control contaminants in drinking water that 
primarily affect the aesthetic qualities relating to the public acceptance of drinking water. At considerably higher 
concentrations of these contaminants, health implications may also exist as well as aesthetic degradation. The 
regulations are not Federally enforceable but are intended as guidelines for the States." (emphasis added) 

26 It is interesting to note that intervenors make an issue of TDS as a major difference between Texas and 
other groundwater, and that IDS make restoration easier (See Staub p. 22). TDS has not presented a significant 
problem in restoration. See TDS discussions in § 26 Teton Pilot add § Mobil Pilot. 
27 Staub does not present a time reference with this statement. 
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EPA aquifer exemptions pursuant to 40CFR144.8 (See Letters in Attachment 13). As shown in 

Table 5 the URI mines are in the Goliad Formation that is an important regional water supply 

aquifer. Within one mile of the Kingsville Dome Project there are approximately 25 private 

water supply wells, all in the Goliad Aquifer (See Attachment 14 for m0fe detail). The City of 

Kingsville (Population ~25000) draws its water supply from the same Goliad Aquifer 4 miles 

from the mine. Within one mile of the Rosita Project that are approximately 40 private water 

supply wells, all in the Goliad Aquifer (See Attachment 15 for more detail). The City of San 

Diego (Population~ 3000) draws its water supply from the same Goliad Aquifer 15 miles down 

gradient from the mine. URI samples many of the private wells near the mine and there has never 

been an affect on any well. Recognizing that the Goliad and/or Oakville aquifers are used 

outside the mine area as a drinking water source, EPA exempted that portion of the aquifer that 

was capable of being mineral producing, as identified in the permit application, at both the 

Kingsville Dome, Rosita and Vasquez projects. 
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Table 5 - ISL Mining Operations in Texas 

Comoanv Mine Name Status28 Regional USDW Base IDS 

Caithness Mining McBride Rest. Oakville 1580 

Conoco Trevino Rest. Oakville 1577-1635 

Everest Minerals Hobson Rest. Jackson 938-1100 

Everest Minerals Las Palmas Rest. Oakville 1208-1390 

Everest Minerals Mt Lucas Rest. Goliad 651-1770 

Everest Minerals Tex-1 Rest. Jackson 1270-1430 

Intercontinental Energy Pawnee Rest. Oakville 903 

Intercontinental Ener!!V Zamzow Rest. Oakville 2289 

Mobil/Cogema Holiday RP · Catahoula 

Mobil/Cogema El Mesquite RP Catahoula 

Mobil/Cogema O'Hem Rest. Catahoula 

Tenneco/Cogema West Cole RP Catahoula 

URI Alta Mesa· ND Goliad 896 

URI Benavides Rest. Catahoula 1103-1521 

URI Kin12;sville Dome Oper. Goliad 997-1188 

URI Longoria Rest. Catahoula 1860-1928 

URI Rosita Oper. Goliad 1844-2545 

URI Vasquez ND Oakville. 2018 

U.S.Steel Boots Rest. Oakville 

US.Steel Bums RP Oakville 

U.S.Steel ClavWest Rest. Oakville 

US.Steel Mosier RP Oakville 

U.S.Steel Paulik Rest. Oakville 

Chevron Palangana Rest. Goliad 878 

Westinghouse Bruni Rest. Catahoula -----
Westinghouse Lamprecht Rest. Oakville 2059 

28 Oper. indicates that the mine is still in production. RP means that restoration is in progress. Rest. Mean 
that restoration has bee.n approved by the State of Texas. ND means the propelfy has been permitted but is not 
developed. 
29 A range of values indicates the average values ill multiple a PAA mine. 
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'11. The Westwater Canyon Formation Is a Pluvial System 

11.l HRI's Application 

Much has been said of HRI' s oversimplified characterization of the Westwater Canyon 

formation (see Wallace p. 10, Abitz p. 28). I refer the reader to the Affidavit of Frank 

Lichnovsky for more discussion of the San Juan Basin geology. I do take exception to the claim 

that HRI application and other technical submittals have been presented in a misleading way. In 

previous applications and technical reports HRI has characterized the Westwater Formation as a 

fluvial system. For example, within the Crownpoint Technical Report 1993, § 2.2.1.1 describes 

the Westwater Canyon Member as follows: 

"The Westwater Canyon Member consists of interbedded fluvial red, tan, and 
light gray arkosic sandstone, claystone, and mudstone. It is the _major water
bearing member of the Morrison. Regionally, the Westwater Canyon ranges in 
thickness from 50 to more than 260 feet, and exhibits a relatively uniform 
thickness of approximately 235 feet in the vicinity of the project area. This 
member is host for the major uranium deposits in the Morrison Formation. The 
uranium occurs in. coarse-grained poorly sorted sandstone units within the 
Westwater Canyon and is closely associated with carbonaceous material which 
coats the sand grains." (emphasis added) . 

In the Churchrock Revised Environmental Report, 1993 § 2.2.2, and Crownpoint 

Technical Report 1993, § 2.6.2, HRI described the Mine Zone Geology as follows: 

"the Westwater was deposited as a broad alluvial fan sequence with a 
preponderance of thick arkosic sandstone on the west side of the San Juan Basin, 
shaling out to the east and northeast at the distal edge of the fan. At Churchrock 
(Crownpoint), the "A" (Westwater) sand consists of medium to coarse-grained, 
moderately sorted conglomeratic sandstone with numerous clay clasts intermixed 
throughout the section." (emphasis added). 

HRI' s representation has not been that the Westwater is completely homogenous. It has 

clearly been described as fluvial, moderately sorted, with numerous clay clasts intermixed 

throughout the section. 
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11.2 Examples of Other ISL Sites 

Intervenors repeatedly assert that the Westwater aquifer properties are not homogeneous 

and that the heterogeneity of the sands may make ISL recovery problematic. I have reviewed 

data from ISL facilities in Texas and Wyoming where the geology is nearly identical to that 

found in the CUP ore bodies. For example, all of URI's South Texas operations are wi:thin 

fluvial type deposits with multiple stacked ore sands. (See South Texas Geology in Attachment 

16). Both the Kingsville Dome and Rosita ISL Project, are in the :fluvial Goliad Formation that 

is stratigraphically similar to the CUP ore zones. detailed pump testing has confirmed that the 

wellfield is functionally a single hydrological unit. HRI' s representation has been that the 

Wastewater formation responds hydrologically as homogeneous sand. Not that the sand is 

physically homogenous. (See Affidavit.of Craig Bartels). HRI is confident that the Westwater 

in New Mexico is amenable to ISL recovery. (See Bartels and Lichnovsky Affidavits). 

HRI is staffed with a number of geologists and reservoir engineering technical experts 

who have evaluated the CUP ore zones for heterogeneity. Based on URIIHRI staffs many years' 

experience in the ISL business and subsequent evaluation of the CUP properties, HRI is 

confident that the Westwater in New Mexico is amenable to ISL recovery. It is unprofessional 

and unfortunate (but understandable) that "experts" with no "hands on" experience with ISL 

: · mining or with the geology in the CUP area could claim HRI has presented misleading 

information because of their fundamental lack of knowledge about the matters on which they 

offer opinions. 
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12. The Pluvial Geology Will Not Affect Monitoring 

12.1 New Mexico Example 

Because the Westwater formation was deposited as a fluvial system, Abitz, Staub and 

Wallace assert that "ancient" channels still exist and that these channels will control the fluid 

;, flow. As mentioned previously, a~l URI's operations have been conducted in fluvial systems. I 

am also familiar with many other Texas ISL mines, all of which are or were conducted in fluvial 

• ' 

I' 

\: 
l' 

systems; I have never known of a case of preferred flow through channeling. To the contrary, 

hydrological tests on the aquifers that host uranium orebodies in Texas demonstrate radial flow. 

The one wellfield level pump test that I am familiar with in New Mexico also demonstrated 

radial flow (i.e. response was relatively uniform). Specifically, the Southtrend pump test that 

HRI included in the Unit 1 Environmental Assessment, January 1992, that was conducted for 

Mobil Oil Corp. showed relatively uniform drawdown in all of the monitor wells that surrounded 

the wellfield. Attachment 17 contains the Potentiometric Map of Maximum Drawdown that was 

prepared for Mobil Oil by consultants after the pump test was run. As show on the 

Potentiometric Map, all wells responded in a way that indicates. radial flow. Had the individual 

pump wells been isolated in channels, and these channels meandered through monitor wells, the 

pump test would have drastically different results. In other words, only the monitor wells 

completed within the chaiinels would have responded to the pumping test and the wells outside 

the channel where the pumping well were completed would not react to the pumping drawdown. 

Individual wellfields will be developed by HRI with a pump testing program that is 

similar to the Mobil test. Mobil also conducted a pilot demonstration in the Westwater Canyon 

Formation north of HRI's Unit 1 location. (See.§ 25 below) Monitor wells for this pilot were 
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placed 400 feet from the production patterns and 400 feet apart. I know of no excursions or any 

other leach solution control problems that were attributea to buried channels or any other reason 

at the Mobil pilot. 

12.2 Mineralization vs. Channels 

Staub (p. 36) claims that the evidence for heterogeneous conditions (channels) is based 

on HRI's documentation. As described in the testimony of Frank Lichnovsky, uranium 

mineralization occurs along a geochemical reduction/oxidation (redox) front not along stream 

channels, although, these contact fronts are generally long and narrow. Staub makes specific 

reference in his Exhibit V and Table 7 to the width of mineralization, not a channel.. His 

reference to McCarn (1997) suffers the same flaw. McCarn's map shows multiple, .stacked 

mineral horizons, not stream channels. The same is true for the LB Sand figure that has been 

used as an example so many times by the Intervenors; it is not a channel but is a mineralized 

redox front. Staub's assertion that all these references indicate channels demonstrates a 

fundamental misunderstanding of uranium geology; resolving this "channel" theory resolves 

many of Intervenors' concerns 

12.3 Well Spacing 

Staub (p. 38) recommends monitor well spacing of 300 feet at Churchrock based on the 

"channel" theory. Absent the theory however, his recommendation is without support. As 

mentioned previously, HRI will prove that every monitor is functional before injection begins. 

Per the COP Rev. 2.0 § 8.5 a pump t~st will be conducted for each mine unit as it is developed. 

A dysfunctional monitor well would not draw down during the pump test. 
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Abitz opines that grouridwater resources may be harmed at Churchrock because an 

excursion will move rapidly in a channel and HRI would be unable to control the excursion. 

Regardless of the geology, water at Churchrock (or any other aquifer under artesian conditions) 

can move no faster than the regional groundwater gradient will allow, which is approximately 15 

ft/year. Excursions must be corrected in 60 days or the equivalent of 2 feet of movement. Two 

feet of movement is not the basis for an exaggerated claim that control will be lost. ·There is not 

scientific or practical basis for Abitz' s concern . 

13. COP Rev. 2.0 Describes Baseline Sampling Protocol Not Baseline 

Intervenors claim that HRI has created artificially inflated baseline concentrations in· 

establishing restoration goals. To date, HRI has not proposed any baseline, enforceable UCLs or 

restoration values. Relevant information will be collected according to the protocol established 

' in COP Rev. 2.0 § 8.6. These methods are commonplace in the ISL industry. Intervenors do not 

comment on the methods that are stated in the COP Rev. 2.0 .. 

· Clearly COP Rev. 2.0 at 85-85 sets out th~ protocol for obtaining baseline at the 

Churchrock site as follows: 

"Baseline water quality will be determined. from water samples collected from wells 
installed in the various aquifers present as follows: 

a. Monitor wells will be installed per the Mine Unit Hydrologic Test 
Document that is reviewed, and approved by the SERP. At a minimum, wells 
will be in~talled at the following density: 

1. production zone baseline wells - one per four acres from select 
injection, and extraction wells that are completed as mining progresses; 
2. mine area monitor wells - spaced 400 feet apart, 400 feet from the 
wellfield patterns completed in the ore zone aquifer; 
3. first overlying monitor wells - one per four acres completed in the 
first overlying aquifer; 
4. second overlying monitor wells - one per eight acres completed in 
the second overlying aquifer-7' 
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"Baseline conditions are determined as follows: 

a. Production Zone (Production Pattern) Wells - Individual well data for each 
parameter are averaged. The resulting average is generally referred to as the 
production area average. 
b. Mine Area (Monitor Well Ring) Wells - Individual monitor well data for 
each parameter are averaged. The resulting average is generally referred to as the , 
mine area average. 
c. Overlying Zones - Individual monitor well data for each parameter are averaged. 
The resulting average is generally referred to as the non-production area average." 

The Proposed Excursions Indicators are Adequate 

HRI's planned excursion monitoring program is clearly stated. (See COP Rev. 2.0 8.7.2 

and SUA-1508 LC 10.12.) Intervenors claim that HRI's and the Staff's proposed excursion 

indicators are inadequate because of the parameters that are chosen and the manner in which 

upper control limits are calculated. HRI has proposed excursion indicators that .are consistent 

with industry standards and other NRC licensees. (See Attachment 18, NRC ISL License 

Examples.) The parameters proposed meet HRI's criteria for reliable indicators because their 

concentrations will be well below those anticipated in leach solution, they are parameters that are 

stable under various subsurface geochemical conditions, and they are parameters that can be 

measured rapidly and reliably in a field laboratory. 

14.1 Uranium 

Intervenors want uranium used as an indicator. Abitz p. (39 & 40) and Staub (p. 35) specify 

that uranium should be used as an indicator because it is in high concentration and is in an 

oxidizing/carbonate solution. It has been HRl/URl's experience that the dissolved oxygen in the 

leach solution is quickly consumed as the water passes through reduced ground. With decreasing 

oxygen, uranium simply becomes less and less mobile as one moves away from injection wells. 
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Abitz (p. 40) claims that uranium is needed because dilution will affect other parameters. 

Remarkably, Abitz also claims the following (p. 30 & 31 ):, 

"In my professional judgement, because groundwater will flow through very narrow 
sand channels, there will not be significant opportunity for dilution and dispersion of 
the oxidized uranium and associated contaminants. Thus the contamination levels 
are likely to remain high in the excursion plumes when they reach the Crownpoint 
municipal drinking water supply wells and pose a threat to groundwater at 
Churchrock." (Emphasis added) 

HRI, Inc. agrees with NRC staff that most trace metals including uranium will not stay in 

solution after they leave the oxidized area. Nevertheless, HRI has been and remains willing to use 

uranium as an indicator. In fact, at URI Texas operations, the confirmed excursions have not had 

uranium values exceeding UCLs. 

14.2 Water Levels 

Intervenors complain that HRI is not required to monitor water levels. During normal 

operations, URI utilizes groundwater elevation as an operational tool to monitor general fluid flow. 

NRC has not required it as a license condition. Regardless, HRI has stated that we will use this 

information during operations in COP REV. 2.0 § 8.4.1.1 as follows: 

"During operations, more water is withdrawn than is injected (wellfield bleed), 
which creates lower pressure within, and around the wellfield area. Additionally, 
water levels in the zones overlying the production horizon are monitored. Any 
movement of water out of the production zone, and into the overlying intervals will 
be signaled by a water level in those formations higher that the original fluid level." 
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14.3 Outlier Analysis 

Abitz (p. 11) concedes that groundwater within the ore zone at Churchrock exceeds the 

radium and uranium (drinking water) standards. His Table 1 lists Churchrock information where 

he has taken the liberty of removing outliers in his analysis. It appears that Abitz's method of 

outlier analysis may be designed to skew data rather than simply remove poor lab results for the 

:, following reasons: 
;, 
I 
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Abitz uses a simple, arbitrary method to calculate outliers (i.e. 2 standard deviations) . 
Both HRI's COP Rev. 2.0 and the License in LC 10.22 B tie HRI to eliminating outliers 
consistent with the method spe_:cified in EPA's 1989, "Statistical Analysis of Ground
water Monitoring Data at RCRA Facilities, Interim Guidance". Values determined to be 
high and low outliers will not be used in the calculation of upper, control limits. The 
method proposed by HRI has an accepted scientific basis unlike Abitz' s proposal. 
Abitz' s results would have been different had he applied the proper analysis. 

If a local anomaly is known to exist in the aquifer (such as uranium mineralization), and 
related constituents are present in the groundwater that are associated with this anomaly 
(such as dissolved radionuclides) it may be best to assume that the parameters are not 
outliers but rather an expected baseline value30

. Radionuclides are expected in a uranium 
ore body and it is not reasonable to extract them from the data. Gamma radiation from 
Raduim-226 is typical in uranium ore bodies as evidenced by the fact that HRI and others 
use scintillation logging equipment to measure radiation and identify the location 
uranium orebodies. However, numerous holes need to be drilled, and every log is 
different because the ore grades change rapidly from location to location, often within a 
rather small area. · 

• In the case of radium, measurements are made in very low concentrations (10"12
) units. 

Variability is common from sample to sample. High values are part of the data set. 

14.4 Statistical Analysis Methods 

The Intervenors have expressed concern that the proposed excursion indicators upper 

control limits (UCLs) are inadequate because five standard deviations is too great. Intervenors 

dismiss NRC staff's concern for false excursions. However, five standard deviations has been 

widely required by NRC of licensees in Wyoming where water quality is similar to that at the 

30 In the case of the CUP, radionuclide values may be expected to be sporadic in groundwater because the 
uranium ore. bodies are narrow and the grade of the ore can change drastically from well to well. 
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CUP (See Attachment 19 State of Wyoming Guidance Document). UCLs should be sensitive 

enough to be accurate indicators, but indicator sensitivity that creates false excursions (i.e. natural 

variability of groundwater) result in unsound mining practice. False positives would result in 

reporting and analysis of statistically false events that consume, regulatory and company 

resources without any environmental consequence. Intervenors try to equate false positives to 

conservative protection of water resources. In fact, repeated false positives (false alarms) would 

d~tract from proper consideration of a true excursion if it were to occur (e.g., the boy who cried 

"wolf') . 

Intervenors claim thatthree standard deviations is a more reasonable range for setting UCLs . 

However, given the concern over false positives stated, the standard set by the NRC and other 

. knowledgeable UIC regulators is more appropriate. There· are three reasons why UCL set by three 

standard deviations will cause false positives; first, outliers will have already been removed from 

the data set so the deviation has been narrowed. Yet outliers should be planned for during routine 

monitoring because some "noise" will occur in daily results31
; second, UCLs are calculated by 

averaging the entire population of monitor wells, yet excursions are monitored well by well. The 

single well whose parameters naturally fall at the high end of the range will be at greatest risk of 

false positive; third, the natural concentration of the most reliable indicator, chloride, is low yet 

i. variable, while the variability does n.ot reach the high concentration.s in leach solution, it is high 
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enough from sample to sample to warrant concerns over false positives. 

Consider the following example based on an analysis of Mobil's Southtrend monitor 

wells (including high values) that were constructed in association with a commercial wellfield 

inside Unit 1 (Data submitted to Mike Layton on June 18, 1996). 
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Table 6-Southtrend (Unit 1) UCL Analysis Summary 

Parameter Baseline32 3 SDUCL6 5 SD UCL6 Leach Water* 

Conductivity (umho) 399 460 502 5000 

Bicarbonate (mg/I) 212 251 277 1225 

Chloride (mg/l) 7.7 38.8 59.5 1025 

*Median value taken from COP Rev. 2.0 Table 3.2-1 

Intervenors argue that the five standard deviations added to the baseline average proposed. 

by HRI and accepted by NRC is UCL is inflated and would allow leaching solutions to pass by 

unnoticed. However, as shown in Table 6 above, the concentration of any of the control 

parameters in leaching water is far greater than what is proposed for a UCL. Comparing leach 

chemistry with UCLs makes clear that five standard deviations added to the baseline average or 

three standard deviations added to the baseline average are equally protective. The three 

standard deviation approach that is proposed by Intervenors, though, has a serious flaw; it is so 

low that excursions would be signaled by natural groundwater variability. As shown in Table 6, 

the three SD UCL for chloride is 38.8. In the analysis of water quality data from Mobil's 

Southtrend wellfield in Unit 1, the statistics clearly demonstrate that chloride value would exceed 

the excursion threshold if three standard deviations were used, i.e. natural chloride levels were 

1; 
:'. above 38.8 mg/I in the Southtrend baseline. (See Attachment 20, Bartels Analysis of Unit 1 
!' 

UCLs.) The three standard deviations range includes values within the natural range of 

groundwater concentrations and results in "excursion" status with or without leach solution 

present. 

31 The potential for outliers due to lab variability is a fundamental reason why two UCL's must be exceeded if 
the exceedance is less than 20%. Abitz objects to this premise on page 41 of his brief. 
32 See Attachment 14, Craig Bartels Analysis of UCL's at the Unit 1 Location. 
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!' Finally, Intervenors claim the five standard deviations approach would allow extremely 

high concentrations of contaminates to flow past monitor wells. Incorre~t. As shown in the 

Table 6 example above, only chloride will exceed baseline by multiples. If, as an example, 

average baseline chloride values were 6 mg/I, and the SD was 10, then the UCL would be 55. At 

, this level one can hardly characterize chloride levels as "extremely high concentrations". EPA 

secondary drinking water standards are 250 mg/I. Furthermore, the concentration is conservative 

in terms of predicting leach solution because chloride concentration is anticipated to range from 

250 to 1800 (See Abitz Table 7 and Table 6 above). 

14.5 Laboratory Tum Around Time 

Abitz (p. 42) expresses concern that two weeks to one month may pass before routine 

monitor well results are received to evaluate if a well has gone on excursion and one month will 

pass before action is taken. COP Rev. 2.0 § 8.7.l.2 clearly states: 

"Water quality samples will be analyzed for conductivity, chloride, and bicarbonate, 
usually within 48 hours of sampling, at the on-site laboratory." 

Additionally, COP Rev. 2.0 § 8.7.2 and LC 10.12 require verification of an excursion in 24 

hours. Analysis will be performed at the on site lab within 24-48 hours from the time samples 

'· are received. 

i'. 

15. Monitoring Underlying Zones 

!' 

Abitz is concerned that HRI does not plan to monitor the first underlying aquifer. This 

concern is inconsistent with what the COP Rev. 2.0 says and the license requires. LC 10.32, and 

particularly COP Rev. 2.0 § 8.2, specify that HRI will evaluate the underlying aquifer to 

determine confinement as follows: 
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"HRI will collect sufficient water quality data to generally characterize the water 
quality of the Cow Springs aquifer beneath the project sites, and will conduct 
sufficient hydrological confinement tests to determine if the Cow Springs aquifer 
beneath the sites is hydraulically confined from the Westwater Canyon aquifer." 

HRI contemplates monitoring the underlying aquifer in COP Rev. 2.0 § 8.7.1.1 as 

follows: 

"Monitor wells installed in the production zone monitor well ring, and those 
installed in the overlying, and underlying aquifers (where applicable) will be 
sampled, and analyzed for the UCL parameters every two weeks during production 
operations unless unable to do so because of uncontrollable events such as 
snowstorms, flooding." (Emphasis added). 

If testing demonstrates the lack of confinement then the monitoring requirement is 

implied. However, if required monitoring within the COP Rev. 2.0 is not clear enough, then LC 

10.25 requires monitoring of the Cow Springs if vertical connections are shown to exist as 

follows: 

16. 

16.1 

"If it is determined that a vertical connection exists in a well field between the 
Westwater Canyon aquifer and the Cow Springs aquifer, monitor wells will be 
completed in the Cow Springs aquifer within that well field at a minimum density 
of one well per 4 acres (1.62 ha) of well field. Groundwater restoration goals and 
upper control limits will be established for these wells, pursuant to LC 10.21 and 
10.22. Sampling frequencies for all monitor wells completed in the Cow Springs 
aquifer shall be as stated in LC 11.3." 

How Wellfields are Operated 

Balance 

Staub expresses concern over the most fundamental concept in ISL operations, wellfield 

balance, and in doing so essentially says HRI does not know how to operate commercial scale 

ISL mines. Specifically on p. 28 and then p. 30 he says: 

"HRI's application does not adequately explore all of the mechanisms that can 
lead to horizontal excursions at Church Rock, thereby creating additional risk of 
excurs10n. In particular, HRI appears to have overlooked a common cause of 
excursions at past and current ISL sites - unbalanced wellfield hydraulic 
conditions. Instead, HRI assumed that a 1 percent production bleed rate would be 
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maintained uniformly throughout each well field being mined." (Emphasis 
added). · · 
"In summary, an ore zone aquifer must be bled and a field-wide 
injection/production balance must be established to reduce the risk of excursions." 

Staub realizes the value of a balanced wellfield to reduce the risk of excursions. HRI 

commits to a balanced wellfield in the COP§ 3.2.2 and§ 6.5.1 as follows: 

"Injection well, and production well flow rates are monitored to assess operational 
conditions, and mineral royalties. The flow rate of each production, and injection 
well is determined by monitoring individual flow meters in each wellfield metering_ 
house." 

"Each production well is operated at the maximum continuous flowrate -
achievable for that pattern area. The primary consideration in determining 
maximum continuous flowrate is to assure the wellfield is. collectively balanced." 

HRI is keenly aware of the importance of .a balanced wellfield. Balance is the primary 

control of leach solution, bleed is second. As stated above, each production well and injection 

well is monitored for flowrate. (URI performs this function every day). Simultaneously, the 

wellfield is balanced, well by well, each time flow rates are measured. Ura.Ilium Resources, Inc. 

has developed interactive software that has been adopted industry-wide to assist the staff in 

performing balancing fundions within complex wellfields. 'Something Staub is not apparently 

familiar with. Based on this analytical capability,. injection/extraction targets are readjusted by 

engineering staff each day as new information is collected; well by well. 

If the commitment in the COP is not to the point, LC 11.2 is, as follows: 

"Flow rates on_ each injection and production well, and injection manifold. pressures on 
the.entire system, shall be measured and recorded daily." 
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As stated above HRI believes that the wellfield balance is of primary importance in 

preventing excursions. Bleed is an additional safeguard as stated in the COP§ 6.5.1: 

"Generally, the overall injection flowrate into the wellfields will be less than the 
total extraction flowrate by an amount known as "process bleed", resulting in a 
hydraulic pressure sink which causes native groundwater outside of the ore zone 
to migrate into the wellfield. This process bleed is used to help protect the 
monitor wells against lixiviant excursion, and varies according to ore geometry, 
well pattern, and magnitude, and direction of the natural groundwater velocity. 
Since the process lixiviant is simply the natural groundwater recirculated 
continuously from the extraction wells through the surface IX facilities, into the 
injection wells, through the ore zone, and back to the extraction wells, the system 
can never be over injected, even with no process bleed." ·(Emphasis added) 

HRI has always viewed the bleed as a "helper'', but wellfield balance 1s 

fundamental. 

Staub (p. 29) argues that HRI' s modeling has not accounted for wellfield 

inefficiencies such as pump failure and scale buildup on screens. However, it is HRI' s 

view that modeling cannot incorporate every possible contingency and should be based 

on the intended mode of operation, a balanced wellfield .. 

Staub (p. 29, footnote 9) ends by stating: 

"Some operators have learned the importance of maintaining wellfield 
hydraulic balance. "In order to balance flows and prevent migration of 
leaching fluids between ... groups of [injection-production] patterns, 
pumping wells have to be operated in every pattern group. (PRI, 1997 ... )" 

HRI concurs. HRI develops all of its wellfields as generally shown for 

Churchrock on COP Rev. 2.0 Table 1.4-833 and specifically stated in COP Rev. 2.0 § 6.2: 

In the wellfield, injection wells will be arranged around production wells in 
patterns designed for optimum uranium recovery. The physical configuration of 
the mineralized ore zone, which is inferred from exploration geophysical logs, 
will determine production, and injection well depths, and the intervals from which 
uranium will be leached. Typically, well patterns used for uranium in situ mining 

33 While figure 1.4-8 does not show pattern detail, it does show how clusters of wells feed into meter houses 
for the purpose of centralizing all control functions. Each meter house will have meters, gaugesiand controls for 
each of the injection and production wells it services. 
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will include, but will· not be limited to, alternating single line drive, staggered line 
drive, and five spot. Each well field area consists of groups of these patterns 
which will be installed to correspond with the irregular geometry of the ore bodies 
as determined from geological interpretation. 

URI has successfully operated commercial wellfields that are essentially the same as 

those that are planned for the CUP for over 20 years. As will be described in 17 below, 

excursions have been rare and not impacted water resources. 

16.2 Section 8/Section 17 Simultaneous Operations 

Staub (p." 31) sees problems with the sequence of mining Section 8 first and then Section 

1 7. This concern reflects his lack of familiarity with ISL operation. HRI will mine Section 8 

initially; this is the sequence in which the company chooses to develop its resource34 and the 

Section 17 UIC permit raises jurisdictional issues that the company chooses not- to deal with 

now. 

Staub is concerned that following restoration, the wellfields in Section 8 may become 

recontaminated by the migration of mining fluids from up gradient. (See COP ,Figure 1.4-8 for a 

map reference). He bases this assumption on the fact that 200 gpm of groundwater sweep will 

compete against 40 gpm of bleed. He does not account for the fact that at the time WFS is 

projected to be in production that WF4 restoration will be some 2000 feet away. At this distance 

the affect of competing bleeds will be negligible. Additionally, ifHRI uses reverse osmosis and 

brine concentration then the net withdrawal from WF 4 restoration will be far less than the 200 

gpm claimed by Staub. Standard reservoir engineering practices will be employed such as 

injecting the restoration RO permeate up grade from the restoration area and injecting the treated 

production bleed downgrade from the producing field; these practices virtually eliminate the 

possibility of recontamination. Regarding WF 5 and WF 6, HRI may choose to operate them in 
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the opposite sequence or may not operate them at all. Ultimately, it is HRI that is impacted by 

Staub's predicted problem: if he were correct, HRI would have to pay to restore twice. 

16.2 Reinjection of Bleed Water 

Staub is worried that HRI has not specified where reinjedion will occur during 

operations, whether it will be outside or inside monitor wells, and whether it will affect the 

bleed. Specifically on p.29 he states: 

Depending on where this fluid is reinjected, it could interfere with nearby 
monitoring wells or have a synergistic effect on operations as a whole. If this 39 
gpm is injected into the Westwater Canyon Aquifer on the upgradient side of the 
first wellfield to go into production, it could partially negate the proposed 40 gpm 
production bleed. HRI should have modeled the simultaneous effects of bleeding 
40 gpm in the most likely production wellfield to be affected and injecting 39 
gpm at the designated injection site. Such an analysis should have addressed the 
potential interference of the reinjection on injection and production activities as 
well as its potential effects on the nearest monitor wells. 

His worries are speculative. HRI cannot at this time specify where permeate reinjection 

will occur because the exact configuration of wellfield patterns is not known. Engineering the 

location of bleed injection must be reserved for operations analysis. However, for bleed to be 

effective, reinjection will have to be outside the production pattern. Staub believes that the 

injection should not occur upgrade. HRI agrees. Properly placed wells that return treated bleed 

to the formation outside off the influence of production patterns can be almost as effective in 

aiding hydrodynamic control as the bleed itself. HRI has expertise in making these 

determinations. 

17. Excursfon at Existing Mines 

17.1 Excursions are Controlled 

34 The Section 8 property is owned ill fee by HRI. This gives the Section 8 property certain economic 
advantages over leased propertied where royalties are due. 
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Staub (p. 10) begins a long narrative on his concerns with excursions. He never points to 

a specific incident, however, where ~ excursion has harmed groundwater resources, a water 

supply, or gone "uncontrolled" after detection. Rather, he simply suggests that excursions may 

present a risk of groundwater contamination. Monitor wells are designed to minimize this risk to 

groundwater outside of the mine area by early detection of leach solution. 

Staub (p~ 11-12) recites his definition of excursions and then ties it to a URI example as 

follows: 

"Our 1986 report for the NRC defined an excursion as "an uncontrolled migration 
of lixiviant and its associated dissolution products and by-products away from 
controlled areas (production wellfields) of in situ mining ore zones ... 

That being the case, off-site groundwater is at increased risk of contamination 
because of ongoing excursions at several operating, commercial-scale uranium 
ISL projects in the U.S., including URl's Kingsville Dome facility, in Kleberg 
County, Texas." · 

Staub's presumption that excurs10ns are out of control and his cited examples of 

excursions risking off site groundwater are general and unsubstantiated. An "excursion" is 

where leach solution has reached a monitor well; that is all. Effective corrective action 

essentially .negates the risk that water will go further. To test whether groundwater resources at 

the CUP are unduly at risk, one must consider if the corrective actions at other mines have been 

effective, and whether those proposed for the CUP specifically will be protective. Listing wells 

that are on excursion at ISL mines and concluding that groundwater is at risk ignores the 

corrective action that operators take. It shows that Staub has no appreciation of operational 

controls. I know of no incident where groundwater resources in Wyoming or Texas have been 

affected by excursions. Contrary to Staub's speculative concern for groundwater at the Kingsville 

Dome Project, I know from my direct experience that the two excursions at the Kingsville Dome 

; : location are controlled and have not affected groundwater outside of the mine area. 
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Texas regulations defines excursions differently than Staub. 1NRCC Rules 27TAC331.2 

defines an excursion as "the movement of mining solutions into a designated monitor well." 

Texas does not automatically assume that an excursion is out of control. The production 

wellfield, including all monitor wells is within the permit area, the EPA exempted area and the 

license area. Flare between the wellfield patterns and monitor wells is expected. The monitor 

well represents point of compliance where corrective action is required. 

17 .2 Requirements for Excursion Control 

· A more appropriate focus for the CUP safety analysis is; are the required corrective 

actions protective? Corrective action consists of operational mechanisms to assure that the 

excursion is not "uncontrolled." Corrective actions may include overproducing the wellfield in 

the area of the excursion, and/or drilling secondary monitor wells, to verify the extent of the 

excursion, and assure that the excursion is defined. 

Corrective actions are described in COP Rev. 2.0 § as follows: 

"Upon verification of an excursion, the EPA, or NMED, and NRC will be verbally 
notified within 24 hours, and notified in writing within seven days. Corrective 
actions, such as changes in pumping, or injection rates will be implemented as soon 
as possible. Corrective actions will continue until the excursion is mitigated. When 
excursion status is confirmed, corrective action will be required to return the 
water quality to the applicable upper control limit. During corrective action, 
sample frequency will be increased to weekly for the excursion indicators until 
the excursion is concluded." 

Thus, according to the COP, HRI will take immediate corrective action to assure that the 

excursion is not only controlled but also corrected. However, NRC requires more. NRC drafted 

LC 10.13 to pressure HRI to remediate an excursion quickly if it were to occur. Specifically LC 

10.13 states: 

"If an excursion is not corrected within 60 days of confirmation, the licensee shall 
either: (a) terminate injection of lixiviant within the wellfield until aquifer cleanup 
is complete; or (b) increase the surety in an amount to cover the full third-party 
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cost of correcting and cleaning up the excursion. The surety increase for 
-horizontal and vertical excursions shall be calculated using the method described 
on page 4-22, Section 4.31 of the FFIS. The surety increase shall remain in force 
until the NRC has verified that the excursion has been corrected and cleaned up. 
The written 60-day excursion report, filed pursuant to LC 12.1, shall identify 
which course of action [ (a) or (b) listed above] the licensee is taking:" 
Staub (p. 10) even recognizes that excursions can be controlled through appropriate 

corrective action: 

horizontal excursions could be controlled with the then-current excursion 
detection mechanisms, proper wellfield management, and appropriate restoration. 
However, all of the sites studied were in remote areas where there were no nearby 
municipal water supplies at risk. Therefore, the thinking among the professionals 
who worked on the study was that there would be sufficient time to rectify any 
mistakes that were made in excursion control. The team also concluded that 
aquifers contaminated through vertical excursions would pose the greatest 
restoration difficulties. And finally, while we concluded that some pilot-scale 
restoration efforts were successful, those efforts were at sites located in remote 
areas where public drinking water supplies were not at risk at any time in the 
foreseeable future. Of the eight sites we studied, none were completely analogous 
to the unique conditions present at Crownpoint, New Mexico. 

Essentially, Staub says that excursions can be controlled but none of the sites he studied 

were like Crownpoint. Even if this were true, the Churchrock location is very different from 

Crownpoint and this phase of the hearing is about Churchrock. 

17 .3 Prevention of Excursions 

Staub also notes that the vertical excursions are most difficult to correct. HRI agrees. He 

noted that unplugged holes and a broken casing were the cause of excursions in his publications 

(See Staub Exhibit B, p.29-31). Again HRI agrees. However, the mines that Staub reviewed for 

excursions were the earliest ISL operations, which were operated in the late 1970s and early 

1980s. Staub is not the only one to recognize the problems of unplugged holes and broken 

casings at the early ISL sites. EPA recognized these problems and included Area of Review 

(AOR) analysis in 40CFR§146.6, corrective action in 40CFR§146.7, and analysis and 

Mechanical Integrity Testing (MIT) in 40CFR146.8 of the modem Underground Injection 
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Control (UIC) program (see 40CFR§143-147). This program was promulgated after the 

problems noted by Staub Exhibit B. Many of the same requirements are required in SUA-1508 

and described in the COP Rev. 2.0 § 6.0. Staub overlooks modem UIC mitigative measures and 

recites old problems. 

Aside from the regulations that are designed to prevent shallow excursions, HRI has 

described the mitigating measures that will be implemented during operations to minimize the 

chances of shallow excursions.35 COP Rev. 2.0 .§ 6.4 contains casing specifications, § 6.5.3 

describes the fracture pressure testing, § 6.5.3 describes the cementing program, §6.4.1.4 

describes , mechanical integrity testing, and § 8 . .4 describes the actions that will be taken to 

mitigate exploration boreholes. However, the COP Rev. 2.0 § 8.4.1.2 clearly explains why pump 

tests are most important to minimize the likelihood of excursions: 

Pump tests directly measure the integrity of the shales separating the production 
horizon from the overlying, and underlying sands. By itself, a pump test provides 
the best indication as to the continuity of the confining shales, and therefore, 
leakage potential of an aquifer. For this reason, a hydrologic test is considered 
necessary, even at a substantial cost to the company. 

Pump tests provide a means of determining leakage potential, whether from 
unplugged wells, or high permeability general to the confining layers. A more 
detailed , theoretic analysis of a leaky system with the high permeability of the 
isolating clays is presented in the attachment: Popielak, R.S., and Sigel, 
J.;Economic, and Environmental Implications of Leakage Upon In-Situ Uranium 
Mining, Mining Engineering. August 1987, pp. 800-804. Part of the results of 
that study are noted in the abstract to the paper: "The potential for environmental 
impacts appear to be minor. 

35 It should be noted that while Intervenors have made a big fuss over the lack of structural cross sections, 
neither these cross sections, nor the underlying geophysical logs would be equal to the value of the indicated 
mitigation, nor would the cross section provide the definitive information that would be provided by the pump 
testing. This is because the cross sections would provide no information on exploration bore hoks, scouring, 
fracturing, or casing integrity. Pump tests will provide information on all these factor plus leakage due to structural 
features. That is why pump testing has always been the preferred analysis. 
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1 • 17.4 Examples of URI Excursions 
I 

" 
Staub (p. 14 and Table 3) presents a matter of fact listing of excursions at URI's mine. 

His listing does not tell the actual story. I have copied Staub's Table 3 below as Table 7 and 

included one additional column for explanation purposes. As shown in Table 7, by simple 

explanation Staub's representation changes drastically. Of the 13 excursions that were listed for 

the Kingsville Dome project 9 were not exc~sions at all.36 The declared excursion in wells AlO, 

D2, D9, Dl5, D16, D39, D45 and D47 all represented intrusion from the overlying saline 

formation (the Lissie-Beaument Fm.). The Gulf'of Mexico that extends into the Kingsville 

Dome license area heavily influences this aquifer. Wells in the overlying sand at the Kingsville 
i' 

Dome project tend to be low yield. Therefore, if allowed to sit for a period of tiiµe, saline water 

i' from the overlying (and underlying in the case of Al 0) tend. to infiltrate and cause an exceedance 

in chloride37
• The differences in water quality in adjacent zones at the Kingsville Dome property 
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are listed in Attachment G of the Production Area Authorizations in Attachment 2. The "E" sand 

is the overlying aquifer. 

36 This is especially true of Staub' s definition of an excursion; "an uncontrolled migration of lixiviant and its 
associated dissolut.ion products and by-products away from controlled areas (production wellfields) of in situ mining 
ore zones" 
37 NaCl is the primary component of seawater salinity. 
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Table 7. List of all monitoring wells historically on excursion status at URl's Kingsville 
Dome mine, Kleberg County, Texas. 

Company Mine Well Initiation Termination Correction/Comment 
URI Kingsvl' Dome AlO 07/17/96 I2/31/96 Non leach solution. 
URI Kingsvl' Dome D2 07/I2/96 08/31/96 Non leach solution. 
URI Kingsvl' Dome D9 07/12/96 08/31/96 Non leach solution. 
URI Kingsvl' Dome DIS 08/24/88 09/08/88 Non leach solution. 
URI Kingsvl' Dome DIS 07/I2/96 08/31/96 Non leach solution. 
URI Kingsvl' Dome DI6 08/24/88 OS/03/89 Non leach solution. 
URI Kingsvl' Dome D39 07/I8/96 08/31/96 Non leach solution. 
URI Kingsvl' Dome D4S IO/I4/96 I0/28/96 Non leach solution. 
URI Kingsvl' Dome D47 OI/14/98 01/28/98 Non leach solution. 
URI Kingsvl' Dome MW7 02117/92 03/02/92 No Record of excursion 
URI Kingsvl' Dome MW8 11/13/98 2/S/99 Rosita site excursion initiated on 

11/11/98 and terminated 2/S/99 . 
URI Kingsvl' Dome MW49A OS/01/98 Ongoing Confirmed KVD 
URI Kingsvl' Dome MWI72 07/22/98 Ongoing Confirmed KVD 

Table 7 above shows that Kingsville Dome Project has experienced two excursions since 

operations began in 1987. URI has no record of an excursion in MW-7. Both excursions are in 

monitor wells that are completed very close to a production wellfield and hence have been 

encroached by leach solution. (See Attachment 21 for reference). Corrective action is underway 

and these excursions are controlled. The MW-8 excursion was at URI's Rosita project. 

18. The Mineshafts at Churchrock Are Planned For. 

Concern has been expressed that the mineshafts are likely to cause avenues for fluid 

migration at the Churchrock Section 17. Even if this were true it would not influence operations 

at the Churchrock Section 8 because there are no mineshafts under the Section 8 property and the 

mineshafts in Section 17 will fall outside the monitor well ring. Additionally, LC 10.17 

specifically requires: 

"At the Churchrock site, Westwater Canyon monitor wells shall be located by 
treating production mine workings as if they were injection or production wells." 
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Particular concern has been expressed by Abitz (page 35-39) of his testimony that 

vertical 'excursions may occur into the 'nakota, and that the Dakota is used as a drinking water 

source at Crownpoint: 

"relying ,on design or operational techniques to prevent vertical excursions at 
Churchrock is imprudent, and that the likeliness. of vertical excursions dictate a 
higher frequency of monitor wells than required by HRI's license." (emphasis 
added). 

First, it should be noted that only design and operational techniques can prevent 

excursions. Monitoring can only detect excursions. HRI does not plan to rely on design or 

operational techniques to monitor vertical excursions at Churchrock. Intervenors do not address 

the COP Rev. 2.0, p. 91 discussion of previous mining,' which will specifically requrre 

monitoring around the shafts: 

As stated in Section 8.3, HRI has full knowledge of the locations of all previously 
mined workings. These workings were developed in the area of uranium 
mineralization, as will be all production patterns. · Therefore, the mine area monitor 
wells will be placed outside the physical location of mine workings. HRI will verify 
that the mine area monitor wells are outside the locations of workings by 
superimposing their surveyed locations on existing surveyed maps that illustrate the 
working locations. 

The location of non-production zone monitor wells is discussed in Section 8.3.4. 
HRI will verify that non production monitor wells are placed proximal to raises by 
superimposing their exact locations on existing surveyed maps which illustrate the 
raise locations. (Emphasis added). 

Additional requirements are listed in LC 10.20 

19. How Restoration Goals Will Be Established . 

HRI is responsible for determining groundwater restoration goals according to the very 

strict procedure described in the COP Rev. 2.0 §§ 8.7.3.8 as follows: 

"Baseline water quality will be collected, analyzed, and evaluated according to the 
discussion set forth in Section 8.6. Restoration Target analysis, will be conducted 
according to the statistical procedures set out in Section 8.6.3, and will be reviewed 
by the SERP, and the results documented, and filed." 
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The well density (p. 85) well spacing (p. 85) parameter list (p. 87), number of samples p. 85, 

sampling protocol (p.85), and QA (p. 137-138) is all prescribed. What is left is for HRI to 

tabulate data and document results. As stated in COP Rev. 2.0 § 6.1: 

"Wells will be installed within the production zone to determine baseline water 
quality conditions, as well as monitor wells around the outside of the production 
zone (monitor well ring), to document the lateral control of the lixiviant." 

HRI will use the production area average baseline values to establish the primary baseline 

restoration goals. 

Abitz (p. 21-23) has complained that HRI has established baseline in a "skewed" manner 

because water was not obtained from the ore and non-ore zone. As described in the COP Rev. 

2.0 § 8.6.3, baseline will be determined after the mine units have been installed for groundwater 

in the ore zone and non-ore zone separately. HRI agrees that baseline should be obtained in both 

the production area and the mine area separately. As water in the production area would be 

expected to be naturally higher in radionuclides concentrations, that must be accounted for in . 

establishing restoration goals. Conversely, the mine area monitor wells would be expected to 

have lower concentrations of radionuclides; that should be known in the event that an excursion 

needs to be verified and/or corrected properly. Any assertion that the values described in Abitz 

Table 1 represent baseline for compliance purposes is incorrect. HRI, as well as independent 

geostatisticians, believe that using actual wellfield data at a higher density makes more sense that 

trying to statistically contrive baseline from a small population. 

Finally, it is unusual that Intervenors attempt to discredit HRI's regional water quality 

analysis from a limited number of wells in the application yet do not recognize or comment 

about the methodology presented to actually collect and compile baseline in the COP Rev. 2.0. 

20. Groundwater Restoration Standard 
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Intervenors are concerned about the restoration standards that HRI will be required to 

achieve. 

As summarized by Abitz (p. 44), Intervenors' greatest concern is: 

I am concerned, therefore, that the latitude given HRI to achieve restoration 
standards creates, virtually at its own discretion, will create an impetus for 
moving away from existing, pre-mining conditions to some level of residual 
contamination that far exceeds drinking water standards. 

This is not what is plainly stated in the COP Rev. 2.0 at 164 as follows: 

If a groundwater parameter listed in Table 8.6-1 can not be restored to its 
secondary goal, HRI will make a demonstration to NRC that leaving the 
parameter at the higher concentration will not threaten public health, and safety, 
and that, on a parameter-by-parameter basis, water use will not be significantly 
degraded. Additionally, it is possible that after groundwater restoration, the TDS 
secondary goal might be achieved, but the secondary goal for individual major 
ions that contribute to TDS might not be achieved because they do not have a 
secondary, or primary drinking water standard (for example bicarbonate, 
carbonate, calcium, magnesium, potassium). As a result, HRI will make a 
demonstration to NRC that leaving a parameter at higher than secondary goal 
concentrations does not threat public health, and safety, and that water use will 
not be significantly degraded. 

Abitz' s restoration concern is unfounded. HRI must demonstrate that any deviation from 

the primary or secondary goal is necessary and is protective. . 

21. Restoration Values to be Taken From Actual Production Wellfields 

Intervenors believe that restoration .standards should be established prior to licensing and 

should be based on appropriate statistical methods for determining baseline. HRI agrees that 

appropriate statistical methods for determining baseline should be employed; they are outlined in 

" the COP Rev. 2.0 § 8.6. However, HRI believes that statistical analysis should be applied to a 

complete data base. Intervenors, however, do not understand the fundamental concept of 

sequential development of ISL wellfields and the fact that data (the "complete" data base) cannot 

" 
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be collected until an operator installs produc~ion baseline wells and monitor wells. (See 

discussion in § 1. above.) It takes years of continuous study to plan and develop a mine through 

its operational life and closure. Engineers and geologists must revisit the previous day's analysis 

before the next well is drilled, every day as new information becomes available. Prior to placing 

monitor wells, additional exploration and delineation work has to be conducted to assure the 

wells are properly placed. As wellfields or mine units are developed they are pump tested to 

assure that the monitor wells are functional before they can be sampled. The results in one mine 

unit may cause the engineer or geologist to change design in the next. This process is both 

progressive and iterative, with each mine unit developed and tested as the mineral is 

progressively depleted from different parts of the orebody. There is no other practical means to 

conduct ISL mining. 

22. Restoration Value for Uranium Wili Protect Public Health 

Intervenors' discussion pertaining to urani~ restoration values is fraught with problems. 

The Churchrock Section 8 site portion · of the Westwater Aquifer does not serve as an 

underground source of drinking water. HRI controls the property and then~ .are no wells within a 

mile and a half from the property that are completed in the Westwater Canyon Formation. The 

Section 8 property, the property that is the concern of this segment. of the hearing, has been 

exempted as an underground source of drinking water by the Environmental Protection Agency 

(See Letter in Attachment 22). EPA has ·determined that the mine zone meets the standards for 

exemption. Water quality data that has been collected at the site to date indicates that 

Intervenors' concern will be mooted because baseline uranium is above the proposed EPA 

11 drinking water standard and above 'the 1 OCFR20 release standard. Data from the area wells that 
' 

are currently at the Churchrock Section 8 property show .average uranium values at 
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approximately 1 mg/1. This concentration will go up in production zone baseline wells because 

·' 
those wells will be developed in the heart of the orebody. (See Kingsville Dome Project data in 

Attachment 23). However, even at 1 mg/l, the measured uranium concentrations exceeds both the 

10CFR20 value of .44 mg/land the proposed EPA drinking standard of .02 mg/l 

Abitz refers to the Fernald Superfund Site and a DOE Tailings reclamation as examples 

. where the proposed EPA drinking water standard for uranium was adopted. Neither of these 

examples applies. to ISL uranium mines which must receive an aquifer exemption (or Aquifer 

Designation) from status as "underground ~ource of drinking water" which explicitly is described 

in § 10 above. 

Finally, Intervenors take aim at the New Mexico 5 mg/l standard and Claim that it is a 

standard for protection of groundwater, not a drinking standard. The New Mexico standard is an 

approved standard. It is also the same uranium restoration standard the NRC and the Wyoming 

Department of ~nvironmental Quality requires of ISL licensees in Wyoming. HRI owns the land 

in the Section 8 aquifer area; no one could obtain access to HRI's property and develop it for 

drinking water for public water supply .. If they did, it would not meet the MCLs of 40 CFR 

141.15-16. Intervenors have not demonstrated how water at the Churchrock mine would be a 

drinking water source for them. 

23. The Use .of Reductants. 

Contrary to assertions by Staub (p. 43), HRI has not precluded the use of reductants as 

viable approach to reducing final ground:water uranium values to lower concentrations. 

Reductants are successfully used at other ISL sites. The COP Rev 2.0 § 4.5.3.1 has already 

contemplated the limited use of reductants as part of RO treatment as· follows:·. 

64 



' 

!' 
,• 

!; 

,. 

,, 
' ~ ' 

" ,. 

" ' 

"However, one disadvantage of the polyamide membranes is their low tolerance 
of strong oxidants such as dissolved oxygen, or residual chlorine (disinfectant) 
As a result an oxygen scavenger such as sodium bisulfite might be added to R.O. 
feed water~ The final product water will then be slightly on the reduced side 
. electrochemically, thus aiding in the restoration of any oxidized ionic species." 

The COP Rev. 2.0 and the License both require further detail from HRI as to the restoration plan. 

For example, the COP Rev. 2.0 at 161 states: 

"Prior to conducting inining operations, HRI will develop a updated groundwater 
restoration plan for the entire project. At a minimum, this plan will include a 
refined restoration schedule, and a general description of updated methodology of 
restoration, and post-restoration groundw~ter monitoring for the entire project." 

The general components of the restoration follow in the COP Rev. 2.0 discussion. 

LC 10.29 transfonri.s this commitment in the plan into a requirement. This plan cannot be 

completed however until the wellfield has. been put in place and baseline information has been 

collected and tabulated. Additional restoration methods may be proposed in the plan such as the 

use of stronger reductants. However, HRI will have to weigh the use of reductants with certain 

occupational safety concerns. 

24. The Teton Pilot 

Intervenors take issue with the results of the Teton Pilot. The Teton Pilot was conducted 

in the same horizon as the Churchrock project. HRI did not submit the Teton Pilot as a stand-

alone demonstration of restoration. However, as one component of the industry restoration 

experience, it certainly provides compelling evidence that restoration is achievable. Key 

observations are as follows: 

i. Pregnant lixiviant, introduced to the formation replicated actual anticipated in-situ leach 
l 
•' 

i' chemistry. (See FEIS Table 4.1.2.). Specifically, during leaching, TDS (and all common ions) 

were elevated to the anticipated range of leach solution. Also during leaching, trace metals 
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particularly arsenic and selenium responded higher than is expected in the Churchrock leach 

solution. Radionuclides, (U and Ra-226) responded to the leach solution as is typically 

encountered during commercial restorations. Arguably, based on parameter concentrations, the 

Teton test was a conservative demonstration of restoration for the area (or a conservative 

example of where restoration begins, based on leach solution concentrations). Restoration began 

shortly after the leaching phase38 and approximately three pore volumes of ground water was 

pumped. 

Common ions, that is calcium, bicarbonate, chloride, sulfate and TDS is shown in Table 8 

were restored in two pore volumes. Trace metal post-leach concentrations are correctly noted as 

follows: 

Table 8 - Teton Exploration Single Hole Pilot Demonstration 

Parameter Baseline 3 Pore Volume New Mexico Standard 
Selenium (ppm) <0.005 0.720 0.05 
Boron (ppm) 0.04 0.12 0.75 
Nitrate (ppm) 0.74 1.34 10.0 
Arsenic (ppm) 0.017 0.032 0.1 
Uranium (ppm) .12 2.7 5 
Radium (pCi/l) 3.9 8.5 20 

It is noted that selenium, boron, and nitrate are above baseline. Boron and nitrate ranges 

are within the variability commonly found in multiple laboratory analyses (i.e. variability), and 

have been restored to concentrations below the restoration standard. They are also not 

parameters that are associated with uranium ISL. Arsenic values exceed baseline after 

restoration, yet were restored to the restoration standard. 

38 In the case of the Teton Pilot, restoration began before the uranium resource was mined from the deposit. 
Restoration began with uranium concentrations at a much higher level than one would anticipate during a 
commercial operation where the objective is to deplete the uranium below economic cutoff. 
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Selenium exceeded the restoration standard, however, there has not been any other 

evidence of the presence of selenium in any of the Churchrock cores (See FEIS at 4-32), or more 

significantly, in the Churchrock mine workings (See Attachment 4). Therefore, I do not believe 

selenium will be present during mining operations. 

The Teton Pilot illustrates the response of radionuclides to restoration in the Churchrock 

area. Specific focus is on uranium and Ra-226. 

The uranium concentration at the Teton Pilot was elevated to 84 ppm in the Teton study 

and then restoration began. The following observations are noted: 

• Restoration began with uranium values well above those that will be encountered 
after commercial wellfield depletion, yet before restoration begins. In other words, 
during normal operations uranium is depleted to much lower values before 
restoration is started. 
• Uranium recovery in the test was minimal, theoretically making restoration more 
difficult, because the resource (or source of contamination) was not depleted. 

Radium was elevated considerably in the Teton test. Restoration to background levels 

that are found in the Churchrock area was achieved in less than 4 pore volumes (See FEIS Table 

3.19) . 

Notably, HRI did not try to determine if Teton used any increase factors in defining pore 

volumes (See § 2. above). As a most conservative comparison of restoration, HRI reported that 

Teton flowed three of the nine pore volumes that HRI will be required to bond for. However, if 

(no comparative PV increase was used) then Teton flowed only 1.5 pore volumes compared to 9 

that HRI must bond for. In either case, the Teton restoration pore volumes represented only a 

fraction of the amount that HRI has committed to provide surety for and the amount that is 

specifically required in LC 9.5. 

Churchrock core studies were successful in restoring most parameters to standards with 

the exception of Ra-226 and uranium (See FEIS p. 4-32). HRI viewed the problem of Ra-226 
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and uranium core results as unique to ex-situ development of the ore, i.e., crushing of the rock 

matrix and conducted outside of the natural geochemical reducing regimen. The Teton results 

corroborate this conclusion; since it was in-situ; uranium values restored to 1-2 ppm range even 

though the ore was never depleted and the starting point was higher than core studies. The 

uranium restoration was consistent with industry pilot and commercial results. 

Teton's radium restoration results also confirm HRI's ex-situ core studies and 

corresponds with the industry pilot and commercial experience. In this case, radium was 

elevated significantly during this leaching phase and restored to typical uranium ore background 

concentrations. 

25. The Mobil pilot. 

The Mobil Section 9 Pilot was a uranium in-situ leach test located in Tl 7N, R13W, 

Section 9, approximately one mile north of the proposed HRI Unit 1 area. Mobil utilized a mild 

:· sodium bicarbonate leach solution, similar to that being proposed by HRI m an 

injection/extraction configuration consisting of four interconnected five spot patterns. 

- Geologically, the Mobil pilot was conducted in the Jurassic Westwater Formation; the 
' 

same geologic formation and aquifer which HRI proposes for all operations in Churchrock. 

Different, however, is the geologic age of deposition of the uranium mineral within the 

:• Westwater. The Section 9 ore is Cretaceous in age, the ore which is being proposed for in-situ 

; leach by HRI, is Tertiary age. This difference is fundamentally important because the 

Cretaceous ore has high molybdenum content and the Tertiary ore does not. The restoration 

difficulty encountered in the Section 9 pilot test was the high molybdenum content which was 

leached out of the ore zone, and the inability to restore the molybdenum values to 1 ppm or less. 

Being absent in the ore, molybdenum will not be leached at HRI's properties, and not create a 
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similar environmental problem. The lack of molybdenum at HRI's properties is clearly 

demonstrated in the core leach plots iri FEIS Table 4.8', froin leach water quality in the Teton 

pilot (also Tertiary ore) as shown in FEIS Table 4.12, and as indicated from ground water in the 

location of the Churchrock mine workings. The Mobil pilot restoration was conducted over an 
•' ' 

approximately six year span; the majority of this restoration activity was focused on various 

experiments geared at restoring molybdenum to regulatory standards. Attachment 24 contains a 

i . chronology of the Mobil restoration events photocopied from Mobil's files. 

• The Mobil pilot was subject to NRC regulation. NRC reviewed the restoration results for 

i· 
this pilot and before terminating the license conducted an Environmental Assessment (EA) and 

issued a finding of no significant impact (FONSI); excerpts of the draft EA are presented in 

Staub's Attachment L. The FONSI included an evaluation of Mobil's restoration results against 

the restoration standard. As shown in Table 4.12, with the exception of arsenic and 

molybdenum, all of the parameters monitored were at or below the restoration standard at the 

end of restoration. 

Staub is misleading in his discussion of Mobil's pilot results. He claims restoration to 

baseline was not achieved for 19 of 29 contaminants analyzed. Staub characterizes all 29 of 

' 
these common analites as contaminants. Many of these parameters are common minerals in all 

" !· water and certainly shouldn't be viewed as. "contaminants" in baseline or post restoration 

,, concentrations. Using Staub's vernacular, all water is contaminated. 

" 
Even if 19 of 29 parameters were not at baseline, comparing the values only against 

! 

:· 
baseline was not meaningful in. terms of significant figures or in the case of ammonia the 
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comparison was not with any final value39
. The result of Staub's. analysis changes dramatically 

when the Mobil results are compared with drinking water standards. See COP Rey. 2.0 p. 164. 

Absent primary or secondary drinking standards, many of the "common ion" parameters are 

evaluated for aesthetic affect by their cumulative total, reported as TDS. Mobil's TDS was 

below baseline. 

As stated in COP Rev. 2.0 p. 164, if baseline or drinking standards were not achieved, 

HRI may propose a protective alternate standard. In the case of the Mobil pilot, these are the 

values listed under the column titled "Restoration Standards" in FEIS Table 4.13 NRC found 

these standards protective, as reflected in their conclusions in the. EA cited above. With the 

exception ofarsenic40
, all parameters were restored in 12 pore volumes of less (See FEIS Table 

4.10) to baseline, drinking standards, or the restoration standard. 

26. Restoration Results by URI in Texas 

Staub (page 21) claims restoration in Texas is different (easier) because: baseline water 

is poorer and hence the primary goal of restoration to "average baseline'" is much less stringent 

(leach solution is more salty, TDS is not an issue); Texas groundwater is moderately saline, or 

brackish (TDS ~ 2000 mg/I to 5, 00041
), marginal for stock and irrigation uses and unsuitable for 

human consumption42
; in Texas, recycled "clean" water from the reverse osmosis treatment is 

proportionally of much higher quality than "clean" water from reverse osmosis treatment of 

groundwater with lower baseline TDS. Therefore, groundwater treatment with reverse osmosis 

would be expected to be more efficient in Texas than Wyoming. 

39 Ammonia did not have a restoration value listed but the system was not an ammonia system. Given the 
amount of significant figures, I concluded that mercury and nickel were restored to baseline. 
40 And Moly as stated previously. . 
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26.1 TDS Affect on Restoration 

In Texas, the baseline TDS is higher that in Wyoming (and New Mexico) but the 

resulting lixiviant has proportionally higher TDS. For example, at URI's North Platte Project in 

Wyoming, baseline TDS was approximately 325 mg/I vs. approximately 1800 mg/I ·at URI' s 

Rosita Project in Texas. However, as shown in Table 9 below, RO Feed (being the leach 
I 

;: solution) at URI's North Platte Project is 1392 mg/I, 1067 mg/I over baseline vs. 4380 mg/I or 

1. 

2580 mg/I over baseline at the URI Rosita Project. While the baseline TDS is higher, the TDS 

increase in leach solution is also higher, as is the work required achieving restoration. (i.e. 

removing the salt from the water during restoration.) Restoration ofTDS is not easier in Texas. 

26.2 TDS Effect on RO Operations 

On p. 21:-22 Staub claims: 

"In Texas, recycled "clean" water from reverse osmosis treatment is likely to be 
much higher quality than groundwater under baseline conditions. Therefore, 
groundwater treatment with reverse osmosis would be expected to be more 
efficient in Texas than Wyoming". 

Staub has no basis for making this statement. URI has conducted restoration operations 

in Texas and Wyoming under various salinity conditions and I have never made this observation. 

We have noted that RO units are more difficult to operate as TDS increases. For illustration I 

have tabulated results of reverse osmosis performance in both Wyoming and Texas in Table 9 

below. This Table shows the quality of RO feed (the leach solution to be restored) and RO 

product (the cleaned water for reinjection). The percent rejection rate is shoWn to the right of 

each data set to allow the reader a gauge for overall performance. Contrary to Staub's 

41 I note that he exaggerates on the high side. See Table 3 above 
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speculation, it appears that % rejection is better with clean water. Contrary to Staub's 

speculation, URI's experience, based on data, is that RO's operate more efficiently in clean 

water. 

Table 9. - Comparison of URI Reverse Osmosis Performance in Wyoming and Texas 

URI North Platte Project, URI Rosita Project, Texas (May, 
Wyoming (1982) 1997) 

Parameter RO RO % Reject RO RO % Reject 
Feed Product Feed Product 

TDS (mg/I) 1,392 140 89.9 4380 643 85.3 
Ee. (umho) 2,050 250 87.8 5700 1150 79.8 

• 
Alic (mg/l) 620 40 93.5 341 55 83.9 
Na (mg/l) 365 46 87.4 525 140 73.3 
K (mg/l) 12 2 83.3 36 12 66.7 
Ca (mg/l) 138 3 97.8 580 53 90.9 
Mg (mg/l) 42 2 95.2 150 14 90.7 
S04 (mg/l) 229 0 100.0 1310 95 92.7 
Cl (mg/l) 332 66 80.1 1170 257 78.0 
HC03 (mg/l) 756 48 93.7 416 67 83.9 
Al (mg/l) <.01 <.01 --- ---
NH3 (mg/l) 0.58 0.25 56.9 <.01 <.01 ---
As (mg/l) <.01 <.01 --- 0.012 0.001 91.7 
B (mg/l) 0.19 0.13 31.6 ---
Ba (mg/l) 0.13 <.05 --- ---
Cu (mg/l) <.02 <.02 --- ---

• 
F (mg/I) 0.23 0.06 73.9 0.64 0.02 96.9 
Fe (mg/l) 0.27 <.01 --- 0.29 0.12 58.6 
Mn (mg/l) 0.38 0.01 97.4 0.58 0.06 89.7 
Ni (mg/l) 0.06 <.04 --- ---
Nitrate( mg/I) 0.1 0.18 --- 0.11 0.01 90.9 
Si03 (mg/l) 24.6 3 87.8 31 5 83.9 
Zn (mg/l) 1.3 0.04 96.9 ---
U308 (mg/l) 21.5 0.17 99.2 17 0.474 97.2 
Ra226 1215± 43 ±1 96.5 
(pCi/l) 30 

42 See § - above). 
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26.3 Restoration Timing 

Staub goes on for pages on how restoration has taken longer than initially permitted, yet 

nowhere has he equated how restoration timing has affected water quality or caused harm to 

anyone. HRI is required to maintain control of leach solution throughout the groundwater 

restoration phase. This is accomplished by continuously maintaining a wellfield bleed even after 

mining stops. Staub fails to explain that regulators have not made an issue of restoration rate 

because it is recognized that certain variables affect the timing on production, which then pushes 

ahead the timing on restoration proportionally because restoration cannot begin until production 

is finished. Production timing in a given area is dependent upon the discovery of new reserves 

(See COP Rev. 2.0 § 1.4) and market conditions. Also, because ISL activities occur in the 

natural systems, production and restoration rates fluctuate from field to field, necessitating 

adjustments in schedules. I know of no correlation between the rate at which restoration occurs 

and any environmental effect. 

Another external factor that affects the timing of restoration is the rate at which 

regulatory agencies approve restoration once it is complete. While I cannot address the details of 

the Cogema example discussed by Staub (p. 18), this appears to be the situation in that case. In 

the case ofURI's Longoria and Benavides projects, production activities ended in 1982, at which 

time URI procured surface discharge permits to conduct restoration activities. Actual restoration 

activities at the Longoria Project PAA's began in September 1984 and ended in December 1986 

(28 months). Because of the time needed for stability monitoring, regulatory approval was not 

obtained until February 1988. Actual restoration activities at the Benavides Project PAA's began 

in March 1984 and ended in July 1989 (59 months). Because of the time needed for stability 
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i; monitoring, final regulatory approval was obtained in May 1991 (See restoration approval letters 

in Attachment 25). These restoration periods had no negative affect on water resources. 

27. Restoration Results by Other Companies in Wyoming 

Abitz (p. 48) and Staub (p. 21) both take issue with the fact that PRJ has required an 

excessive number of "pore volumes" in conducting restoration at the Highland location. They 

use this information to cast doubt upon the nine PV figure that is required by LC 9 .5 for bonding 

purposes. Both Abitz and Staub use the PV term freely without defining what they mean. They 

present no information on "flare" (see§ 2 above) or how PRJ calculated its PV against how HRl 

proposes in RAI Ql/59. While I do not have direct knowledge of the PRJ restoration in the A 

:' wellfield, I do know enough to question Abitz's and Staub's claim. Consider the following: 

• 

' ' 

• The PRJ wellfield "A" wellfield has been the subject of a number of restoration 
experiments. Many did not work, but all added to the PV tally. 

• The PRJ wellfield "A" is interconnected to the overlying wellfield "B" by a large 
void in the confining clay. Water is allowed to travel freely from the larger "B" into 
the smaller wellfield. Therefore, during the groundwater sweep portion of 
restoration, affected mine water traveled from "B" to "A" freely. Continuous 
groundwater sweep got PRJ nowhere, yet technically it counted as PV s flowed. 

• PRl calculated PV s by pattern PV s. It is unknown what, if any, flare factor PRJ 
used. 

• With full knowledge of the PRJ work, NRC has required that PRJ use the 
assumption of 3-4 pore volumes of groundwater sweep and 2 pore volumes of RO 
treatment with a cumulative 2. 94 multiplier flare factor for bonding calculations. As a 

-comparison, HRl is required to use 9 PV s with a cumulative 1.95 multiplier flare 
factor (i.e. 1.5 x 1.3). Multiplying flare increase factors by uncorrected PV for each 
project will give uncorrected PV equivalents. Doing so, PRJ's uncorrected PV 
equivalents range from 14.75 to 17.64 vs. HRJ's uncorrected pore volume equivalent 
of 17.55. HRl bonding multiples are similar to what NRC has deemed as adequate 
after evaluating commercial results at the Highland project. 
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It is my opinion that the rate that restoration occurs at an ISL mine is proportional to the 

ability to treat and, as necessary, to dispose of water. In Texas, disposal wells are a key source 

of disposal. Disposal wells will also be.considered for the CUP. Initially, however, HRI plans to 

use reverse osmosis and brine concentration. These are proven technologies that are widely used 

by the utility industry in Northwest New Mexico. Intervenors have not commented on brine 

concentration technology at all. HRI' s initial bonding proposal will include costs to treat water 

at a rate of 500 gpm with a combination of RO and brine concentration. At that treatment rate 

HRI shows that restoration will be timely43
• 

As mentioned above in the discussion of RO performance, URI has conducted a pilot 

project called the North Platte project in Converse County, Wyoming. This project was mined 

and restored over a 2 year period of time. Restoration was achieved by RO and groundwater 

sweep and met regulatory standards when completed. The results of this groundwater restoration 

are summarized in Table 10 below. 

43 For example Attachment 3 shows that 1.3 x 109 gallons will require treatment at the Churchrock Section 8 
given 9 pore volumes of flow. At 500 gallons capacity, this level ofrestoration will require 61.5 months. It is 
anticipated that an additional 24 months would be required for stability monitoring and regulatory processing. 
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Table 10 - URI North Platte Project·- Restoration .Summary 

PARAMETER BASELINE PREG.LIX. Restored8 Stabilized8 DRINKING 
/17/83 /30/85 

CALCIUM mg/l 11.0 140.0 9 19 
MAGNESIUM mg/l 5.00 45.00 3 7 
SODIUM mg/l 107 303 37 105 

POTASSIUM mg/l 9.00 12.00 2 4 
CARBONATE mg/l 26 0 0 2 

·BICARB mg/l 102 732 59 174 
SULFATE mg/l 126 308 57 137 250 
CHLORIDE mg/l 9.0 238.0 6 15 250.0 
NITRATE mg/l <.1 0.02 0.50 0.49 10.00 
FLUORIDE mg/l 0.57 0.19 0.16 0.68 1.40 
SILICA mg/l 11 27 10.74 7.00 
TDS(l80) mg/l 324 1554 136 347 500 
EC(25C) umho 476 1850 228 515 
ALK mg/I 129 600 48 143 
PH 7.55 6.40 6.42 8.03 
ARSENIC mg/t <.01 <.01 0.014 0.035 0.050 
BARIUM mg/l <.l 0.17 <.l 1.00 
CADMIUM mg/l <.01 <.01 <.01 0.0100 
CHROM. mg/l <.05 <.05 <.05 . 0.05 
COPPER mg/l <:02 <.02 <.02 1.00 
IRON mg/l 0.29 0.51 0.91 1.60 0.30 
LEAD mg/l <.05 <.05 <.05 0.050 
MANGANESE mg/l <.01 0.32 0.03 0.04 0.05 
MERCURY mg/l <.001 <.001 <.0004 <.0004 0.0020 
MOLY. mg/l_ <.1 <.1 <.1 <.02 
NICKEL mg/l <.04 <.04 <.04 
SELENIUM mg/l <.01 <.01 <.01 0.005 0.010 
SILVER mg/l '<.02 <;02 <.02 0.10 0.05 
URANIUM mg/l 0.010 96.000 0.90 2.51 
VANADIUM mg/l <.05 <.05 <.05 0.03 
ZINC mg/l 0.12 1.35 0.21 0.10 5.00 
BORON mg/l <1 0.20 0.13 
AMMONIA mg/I 0.27 0.74' 0.15 
RA226 pCi/l 135.8' 3,450.0 470.00 178.00 5.0 

28. Restoration Demonstration at Churchrock. 

Intervenors' experts have raised many unsubstantiated concerns pertaining to operations 

and groundwater restoration. I have attempted to respond to these concerns in this affidavit. 

Some questions can only be answered through the results of operations in the field. 
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HRI believes that restoration in the ISL industry has been conclusively demonstrated in 

New Mexico, Wyoming, Nebraska, and Texas44
• HRI will continuously refine and update the 

surety amount with the very best information that can practically be obtained. 

Initial surety (bonding) for ground water res~oration of the initial wellfields will be based 

on nine pore-volume estimates. The nine pore volume estimate is based on the submitted data. 

Depending on the parameter, and the test chosen, the pore volumes required to achieve the lesser 

water quality of the secondary restoration goal, or background, ranged from less than one pore 

volume to greater than 28 pore volumes. However, plots of total dissolved solids, and specific 

conductivity values (an indirect measure of TDS) show little improvement with continued 

pumping after eight to ten pore volumes. The Mobil ground water demonstration is the largest 

restoration demonstration conducted in the local area to date. During ground water restoration 

activities, after 6.9, and 9.7 pore volumes, TDS concentrations were close to the TDS secondary 

restoration goal of 500 mg/L Therefore, it is estimated that practical production scale ground 

water restoration activities will require no more than a nine pore volume restoration effort. 

However, absolute proof can only come from a field level test of commercial scale. 

NRC has developed the only practical solution. According to LC 10.28, HRI will be 

required to conduct a commercial scale, bonding level restoration demonstration at Churchrock 

before expansion is authorized. Specifically, as stated in COP Rev. 2.0 § 10.4.4: 

44 

"Prior to the injection of lixiviant at either the Unit 1, or Crownpoint site, the 
licensee shall submit NRC-approved results of a groundwater restoration 
demonstration conducted at the Churchrock site. The demonstration shall be 
conducted at a large enough scale, acceptable to the NRC, to determine the 
number of pore volumes that will be requrred to restore a production-scale 
wellfield." 

See URI restoration approvals in Attachment 25. 
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Surety (bonding) for ground water restoration of initial wellfields. will be based on nine 

pore volumes. Surety will be maintained at this level until HRI can demonstrate the number of 

pore volumes required to restore a production-scale wellfield. 

Additionally, HRI will conduct a small isolated pattern demonstration at each site at the 

beginning of mining activities to verify that general leach solution chemistry and restoration 

responds as expected. After production begins at any mine site at the CUP, HRI will immediately 

begin work on a field restoration demonstration, outside of the actual production, yet inside the 

monitor well ring, and within the target ore zone. Key elements of the restoration demonstration 

will be as follows: 

• An isolated restoration demonstration pattern, completed in the ore zone, constructed 
to the same basic configuration as the proposed production wellfield pattern and 
operated under the same conditions as the proposed mining procedures. 

• 

• 

• 

• 

Leaching of the pattern will be run for at least three months under commercial 
activity conditions using leaching agent concentrations equal to, or greater than is 
expected to be required for production. 

After leaching phase, a complete chemical description of the produced fluid will be 
obtained, ·and a demonstration of a restoration will be initiated. 

Sample analysis of key parameters, and fluids will be completed at least every week 
during the restoration demonstration. · 

Restoration will continue until the ground water is restored to levels consistent with 
baseline. 

• With each progress report, HRI will calculate, and submit the volume of ground water 
affected, expressed in pore volumes. Factors to be considered include: areal extent, 
formation thickness, and porosity. Upon the completion of the restoration 
demonstration, the data, analysis, and conclusions will be compiled into a final report. 

26. Conclusions 

• ISL mines are wellfields developed as individual production areas or mine units. 
Each wellfield is subject to its own testing program. The production area or mine unit 
testing program is designed to provide empirical information pertaining to the 
specific location to be mined. (p. 9 herein). 

78 



'· 

'· 

• 

,, 
I 

• Pore Volumes (PV) are a term of convenience that has been conceived by the ISL 
industry to describe the quantity of free water in the pores of a given volume of rock. 
Any comparison oflSL results requires that PV be calculated the same way. (p. 14). 

• The Churchrock water quality has low salinity as measured by Total Dissolved Solids 
(TDS), and elevated radionuclides that exceed drinking water standards and are 
generally limited to the ore deposit. The Section 17 mine workings have been 
oxidized during conventional mining and demonstrate higher TDS concentration, 
which resembles the makeup of groundwater leach solution. (p. 19). 

• Mobil Oil Corporation completed the Southtrend commercial wellfield in the HRI 
Unit 1 license area. This wellfield presents a representative example of production 
area or mine unit testing information for all proposed HRI CUP locations. The data 
shows that radionuclides exceed drinking water standards and are generally limited to 
the ore deposit or production patterns that will be mined. The production area data 
that was developed by Mobil did not show any evidence of severe channeling. (p. 24) . 

• The leach solution chemistry will consist of groundwater with gaseous oxygen added. 
The primary trace element that will be dissolved is uranium, the element targeted for 
commercial production. Other trace elements may be mobilized in the leach solution, 
but there is no evidence that the concentration will reach that of molybdenum in the 
Mobil pilot. (p. 28). 

• Radionuclides are ubiquitous to groundwater associated with uranium deposits 
throughout the United States. Radionuclides present the greatest limitation to the 
groundwater' s use for drinking. Radionuclides do not travel . far, decrease 
dramatically just 400 feet from the ore deposit as shown in monitor wells, and are 
well below drinking standards in surrounding domestic water wells. (p. 29). 

• TDS vary from location to location. TDS predominantly affects the aesthetic quality 
of water. (p. 32). 

• Restoration shall be to the baseline encountered in the location that the Ore is mined, 
the production area wellfield. (p. 33). 

• All ISL mines are in aquifers. EPA regulations specifically contemplate ISL mining 
in the mineralized portion of an aquifer. (p. 34). 

• The Westwater aquifer is a fluvial system. Most ISL mines in the United States are 
also in fluvial systems with geological properties nearly the same as the Westwater. 
(p. 39). 

• A fluvial geology does not necessarily link with isolated, subsurface channels. 
Intervenors' example of subsurface channels is, in fact mineralized "roll fronts" 
whose deposition is controlled by geochell?-istry, not permeability. (p. 42). 

• Fluvial geology has not affected monitoring at ISL mines. Monitor well performance, 
including well spacing, is verified during mine unit or production area pump tests. (p. 
41). 

• HRI provides a prescriptive baseline sampling protocol in the COP that will be 
implemented for each wellfield. Baseline sampling will be performed separately for 
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the production ZOfl:e, the mine zone, overlying aquifers, and underlying aquifers (as 
applicable). (p. 43). 

• HRI excursion indicators are adequate because they are indicative of leach solution, 
they are stable in the subsurface, and they can be measured rapidly on location. (p. 
45). 

• HRI will conduct outlier analysis according to EPA methods. (p. 46). 

• HRI's excursion upper control limits are set at a concentration that will accurately 
measure the presence of leach solution. Lowering the concentration by various 
statistical techniques will provide false alarms for excursions due to natural 
groundwater variability and laboratory error. (p. 47). 

• Underlying zones will be monitored if testing shows communication. (p. 51). 

• Wellfield balance is the most important operational control for preventing excursions. 
Commercial wellfields are balanced well by well, every day. (p. 51) . 

• Operations/restoration will be conducted in such a way that adjacent properties are 
not negatively affected. Standard reservoir engineering practices will provide for 
wellfield balance, mining/restoration adjacent to each other, and bleed reinjection 
outside ofwellfield patterns. (p. 54). 

• Excursions are the movement of mining solutions into a designated monitor well. 
License conditions require timely corrective action that preclude loss of control 
outside of the licensed area that is controlled by HRI. p.56 

• Vertical excursions are prevented through modem underground injection control 
criteria that include area of review, well construction techniques and hydrologic 
testing. p. 59 

• The mineshafts at the Churchrock location are planned for and will be monitored to 
assure that they do not present avenues for excursions. p.61 

• Groundwater restoration will be based on a three tier goal system: baseline; drinking 
water standards; and previous use quality. If the third goal is to be used it must be 
assured that the higher concentrations. will not threaten public health and safety. (p. 
63). . 

• Baseline uranium values at the Churchrock site currently exceed the NRC Part 20 
concentration of .44 mg/l. (p.65). 

• The Teton Pilot was conducted along the same mineral trend as the Churchrock 
project using the same leach solution that is proposed for the CUP. Restoration to 
levels consistent to baseline was achieved. (p. 71). 

• The Mobil pilot was conducted in the Westwater Formation in a different mineral 
trend. With the exception of the element molybdenum, which is not found in high 
concentrations in the HRI ore deposits, and arsenic, which has not been problematic 
at the HRI location, restoration was successful. (p. 74). 
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URI has conducted successful commercial and pilot ISL restorations in Texas. (p . 
76). 

URI' s restoration timing was reasonable. Restoration timing does not correlate to any 
affect on groundwater resources because the operator maintains control of leach 
solution throughout restoration. (p. 78). 
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FURTHER AFFIANT SA YETH NOT. 

I swear under penalty of perjury that the foregoing is true and correct to the best of 
my knowledge. 

f4 
Dated this I 7 . day of February, 1999 .. 

Voluntarily signed and sworn to before me this \ttrlciay of February 1999, by the 
signer, whose identity is personally known to me or was proven to me on satisfactory 
evidence. 

DISTRICT OF COLUMBIA 

My Commission Expires: 1 \ \ L{-12...0 o c:) 
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TEXAS WATER COMMISSION 
Stephen F. Austin State Office Building 

Austin, Texas 

PERMIT NO. UR02827 

KINGSVILLE DOME MINING PROJECT 
This µermit supersedes and replaces 
TWC Permit No. UR02827 issued 
December 30, 1986 

PERMIT to conduct underground 
injection under provisions of 
Chapters 26 & 27, Texas Water Code 

I. Name of Permittee: 

A. Name URI, Inc. 

B. Address 12377 Merit Drive, Suite 750, LB14 
Dallas, Texas 75251 · 

II. Type of Permit: Regular~~~- Amended >< 
III. Nature of Business: In Situ Uranium Mining 

IV. General Description and Location of Injection Activity 

The permit area for this site is 2135 acres. There are ten currently 
designated mine areas. The production zone is in the Goliad Formation 
at the depth interval of 420 to 810 feet below mean sea level. Uranium 
will be produced from three sand units in the upper Goliad, each unit 
approximately 50 feet thick. Continuous excess water withdrawal will 
provide control of leachate movement. Monitor wells will provide 
horizontal and vertical surveillance of ground-water quality to ensure 
confinement of leachate in the subsurface mining zone. 

CONTINUED on Pages 2 through 13. 

The permi ttee is authorized to conduct injection activity in accordance with 
limitations, requirements, and other conditions set forth herein. This permit is 
granted subject to the rules and orders of the Commission, and the laws of the 
State of Texas. This permit is valid until amended or revoked by the Commission. 

1990 

--~ 

TWC-0076C (Rev.10-22-86) 
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Kingsville Dome Mining Project 

The mining procedure consists of injection of an alkaline leaching'solution along 
with an oxidant into the uranium bearing formation through a pattern of injection 
wells. The uranium is solubilized by the leaching solution and the solution· is 
pumped from a pattern of recovery wells to· the processing plant where uranium 'is 
extracted by ion exchange. This solution is then reconstituted with leaching 
agents and recycled to the field for reinjection. 

URI, Inc. shall use a non-ammonia leaching solution at all Proauction Areas. 
Before there is any modification in the composition of the leaching fluids beyond 
the description in the application, the operator shall provide descriptive 
information and obtain an amendment pursuant to the Rules of the Commission. 

The mining operation is located approximately 8 miles southeast of Kingsville 
adjacent to FM 1118 in Kleburg County, Texas. The permit area is contained 
within Blocks 41, 42, 48, 49, 50, 51, _53, 54, and 55. 

No surface discharge is authorized by this permit. 

V. Character of Wastes 

•• 

Wast~ streams resulting from the mining activity include: 

A. 

B. 

c . 

D. 

E. 

Production Bleed Stream - This stream will result from a withdrawal of 
fluids from the well field for leachate control. 

Plant Waste Stream - This stream results from waste fluids generated 
from the normal operations of plant facilities. 

Laboratory Stream - This waste stream is generated by routine chemical 
laboratory procedures and processes. 

Restoration Stream - This stream will result from ground water pumped 
from the well field during the restoration of the mine areas. 

Radioactive Solids - Any radioactive solid and semi-solid wastes will be 
transported and disposed of pursuant to the Texas Department of Health 
requirements. 

F. Non-Radioactive Solids - Non-radioactive solfd and semi-solid wastes 
will be disposed of at an authorized waste disposal site in accordance 
with the Texas Water Commission rules. 
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Kingsville Dome Mining Project 

VI. Standard Provisions 

A. Commission Rules 

Page 3 

This permit is subject to a 11 rules of the Commission under the 
authority of Section 5.103, Texas Water Code. The following rules are 
incorporated herein by reference: 

31 TAC Section 

331.1 - 331.13 
331. 31 - 331. 36 

331. 41 - 331. 48 
331. 81 - 331. 86 
331.101 - 331.107 

331.122 

B. Production Area Authorization 

Title 

General Provisions 
Jurisdiction Over 
In Situ Uranium Mining 
General· Standards and Methods 
Stand~rds For Class III Wells 
Standards For Class III Wells 
Production Ar~a Development 
Consjderations Prior To Permit 
Issuance (Class III Wells) 

1. General - Mining in a Production Area within the Permit ·Area 
re qui res a Production Area Authorization from the Texas Water 
Commission. The ·Production Are·a Authorization i.ncl udes the updated 
Mine Plan, a Restoration Table, Bas·eline Water Quality Table, 
Control Parameter Upper l,.imits, Monitor Well locations for the 
subject Mine Area, and special provisions (if applicable). These, 
as well as the application and any subsequent technical reports, are 
a part of and incorporated herein as terms and provisions of this 
permit. 

The authorization for mining in a Production Area may be issued only 
after an original Applic~tiori for Production Area Authorization and 
three (3) complete copies are submitted to the Executive Dir~ctor. 
The Executive Director sha.11 transmit the application with his 
recommendation to the Texas Water Commission which sha 11 consider 
the· application and recommendation at its regular agenda meeting 
after at least ten (10) days notice to all affected parties. The 
notice and Commission consideration of the application shall be 
limited to the issues pertinent to the requested .Prod~ction Area 
Authorization as set out in this permit. 

2. Information Required - The permittee will develop and submit .the 
information required in the 11 Application for Production Ar.ea 
Authorization 11 

- Form TWC~0304. 

C. Sample Taking, Preservati.on, Analy'sis and Quality Control 

1. Sampling - To obtain a valid sample, the sample well shall be pumped 
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2. 

3. 

·duririg compf~tion until water is free of mud and foreign materiaJ 
and uritil tonductivity and ~H ar~ reasonably const~nt in a natural 
r·ange. As. samples ar·e taken during Baseline, routine, and 
restoration samp 1 i ng, the samp 1 ed we 11 sha 11 be pumped for a 
sufficient time to assure that water sampled is formation water. 
Excess water pumped from production wells or monitor wells 
containing leaching solutions shall not be discharged to the surface 
waters of the State. 

Preservation and Analysis - Sample preservation, analysis and 
analytical quality control will be as defined in the current issues 
of Methods for Chemical Analysis of Water and Wastes (EPA -
Technology Transfer}. Total Dissolved Solids shall be determined b' 
evaporation (180°C}. · 

The permi ttee sha 11 notify the Centra 1 Office in Austin of intent to 
col.lect samples for Baseline and final closing at least one week 
prior to sample coliection to allow the Commission staff an 
opportunity to split samples for confirming analysis. 

D. Wellhead Pre•sure 

Pressure gauges shall be on all injection' wells .or on the injection 
manifold with the maximum.allowable injection pressure Glearly marked on 
each gauge. The well head pressure at any injection we 11 sha 11 be 
maintained so as to niinimize~the possibility of leakage from the 
Production Zone into the Non-Production Zones. In no instance will the 
injection pressure exceed .40 psi per foot of well depth. 

E. Radioactive Materials License 

Prior to mining in a Production Area the permittee shall have a valid 
license(s} from the Texas Department of Health covering the handling and 
processing of radioactive materials. 

VII. Special Provisions 

A. Control Parameters and Upper Limits 

Conductivity, uranium a~d chloride shall be used as control parameters. 
Upper limit values will be calculated for the Production and 
Non-Production Zones as follows: 

1. Add a value of 5 mg/l to the maximum.uranium value determined rin the 
Baseline sampling of the Mine Area Wells and the Production Area 
Wells of the Production Area being authorized. 
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2. Add 25% to the maximum conductivity value determined in the Baseline 
sampling of the Mine Area Wells and the Production Area Wells of the 
Production Area being authorized. 

3. Add 25% to the maximum chloride value determined in the Baseline 
sampling of the Mine Area Wells and the Production Area Wells of the 
Production Area being authorized. 

B. Plugging and Abandonment 

Prior to abandoning Class III uranium wells, the wells shall be plugged 
with cement in a manner ~hich will not all-0w the movement of fluids out 
of the injection zone either into or between freshwater aquifers. 

The permi ttee sha 11 notify the Executive Di rector before commencing 
plugging and abandonment. Plugging and abandonment shall be 
accomplished in accordance with the plans and specifications submitted 
in the application. Within 30 days after completion of plugging, the 
permittee shall file with the Executive Director a plugging report on 
forms provided by.the Commission. Any revised, updateq or additional 
plugging and abandonment plans shall be subject .to Executive Director 
approval. · 

C. _Financial Assurance 

The permittee shall secure· and maintain in full force and effect at all 
times a performance bond or other form of financial security', in. 
accordance with 31 TAC 305.153 to provide for plugging and abandonment 
of the permitted Class III uranium wells. The bond or other form of 
financial security shall be in the amount of $230,365.00 ·and shall be 
reviewed annually. The amount of financial security may, at the 
discretion of the Texas Water Commission in a separate and independent 
proceeding, be altered at a fut~re date to provide for adequate plugging 
subject to prevailing general economic conditions. This permit does not 
authorize underground injection of fluid unless the permittee has in 
effect. the performance bond or other form of financial security _ 
described above. 

D. Wastewater Ponds 

1: All wastewater ponds except those described in VII.D.3. below shall 
be lined with a minimum 30 mil thick chlorinated polyethylene liner 
or equivalent approved lining, and constructed with an underdrain 
leak detection system in accordance with the plans and 
specifications contained in the Permit Application. The leak 

- detection system shall be monitored weekly. A minimum of two feet 
' of freeboard shall be maintained in all ponds during normal 

operations. A. minimum of on·e foot of freeboard may be maintained 
during emergency periods such as high rainfall, for a period not to 
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exceed fourteen days. An easily readable free~oard gauge shall be 
installed and maintained for each pond. The Central Office in 
Austin shall be notified immediately when the freelioard decreases to 
less than two feet. 

2. If any leaks are detected in the pond liner, the Central Office in 
Austin shall be notified immediately. The pond fluids will be 
evacuated as soon as practicable to another location approved by the 
Di rector of the Water ~i ghts and Uses Di vision and the 1 eak 
repaired. A determination of the extent of any subsurface 
contamination shall be made and a report submitted to the Executive 
Di rector within 14 days after the 1 eak is detected. The report 
shall also contain the company's plan for corrective action. 

3. All ponds used for wastewater storage prior to i nj ecti on down a 
waste disposal well shall be subject to the terms and conditions of 
the disposal well permit. 

E. Mechanical Integrity 

Proof of mechanical integrity for all injection ·wells shall be 
demonstrated by well com~letion (cementing) records and a pressure test 
as described in the application. ·Prior to beginning fnjection the · 
permittee must receive certification from the txecutive Director that 
well construction is in accordance with the plans and specifications 
contained in the permit application and technical report. 

F. Production/Processing Facilities 

The primary and supporting production/processing facilities along with 
supplies and materials used by or resulting from these facilities are to 
be installed, operated, maintained and handled in accordance.with the 
plans, specifications, and descriptions submitted ~s part of the permit 
application in order to prevent dispersion of any materials, directly or 

. indirectly, tq surface or ground waters. 

No surface discharge is authorized by this permit from any production or 
proces$ing facilities. 

G. Designated Non-Production Zone Wells in Additional 
Overlying Aquifers 

1. Non-Prod~ction Zone Monitor Wells completed in additional overlying 
aquifers (above the first overlying aquifer) shall be sampled and 
Baseline water quality determined upon completion. Baseline water 
qi.la l i ty ana 1 yses (on Form TWC-0678) sha 11 be submitted to the 
Central Ofrice in Austin. Every three months, these Monitor Wells 
shall be sampled and"analyzed for the Control Parameters specified 
in Section VII.A. The results of these quarterly sample analyses 
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shall b·e. ·submitted to the Central Office in Austin on March 1st, 
June 1st, September 1st, and December 1st of each year. 

2. If the results of a routine sample analysis in one or more of these 
overlying Monitor Wells shows that the value of any Control 
Parameter is equal to or above the Upper Limit established for that 
permit/mine area the operator shall complete a Verifying Analysis of 
sampl~s taken for each apparently affected well within two days. 
The permi ttee sha 11 determine if and to what extent l,each i ng 
solutions are present in the overlying aquifers and effect clean-up 
in accordance with 31 TAC Section 331.106. Under such circumstances 
corrective action reports shall be submitted monthly to the Director 
of the Water Rights and Uses Di vi·si on, in Austin . 

H. Monitoring Frequency During Restoration 

Once the permittee officially notifies the Central Office in Austin that 
full-scale restoration has commenced and injection of leachate has 
ceased in a particular Production Area as per 31 TAC Section 331.105(2),. 
approval may be given by the Executive Director for a reduction in the 
frequency of monitoring. The restoration monitoring frequency shall be 
at lea·st quarterly. The reduced frequency of monitoring may continue as 
long as full-scale· restoration continues or until the value of any 
Centro l Parameter is equal to or above the Upper Limit Value t'or the· 
Production Area. If full-scale restoration efforts by the permittee are 
suspended or interrupted· for any reason, the permi tt_ee shall notify the 
Central Office in Austin and routine monitoring as per 31 TAC Section 
331.105(1) shall be resumed. The permittee shall submit any proposed 
monitoring frequency changes to the Executive Director at least 30 days 
prior to the proposed implementation date of the new ~ampling schedule. 

I. Reduced Sampled Analyses During the Restoration 
Stability Period 

Restoration stability sample analyses, as re qui red by 31 TAC Section 
331.107. may be reduced· in frequency for particular parameters if the 
permittee can demonstrate to the Executive Director that the particular 
parameter concentrations have not been elevated above Baseline during 
the mining process. These parameters (as designated by the Executive 
Director) shall be analyzed during the initial restoration verification 
sampling and the final restoration verification sampling and the final 
restoration sampling only. All other .Restoration Parameters shall be 
analyzed and reported for each of the required monthly interval 
samplings. 

J. Restoration Demonstration - The permittee shall complete one or more 
restoration demonstrations before October 12, 1989. The demonstration 
shall include the followi'ng: 
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1. An isolated restoratio~ demonstration ~attern, completed in a 
Production Area, constructed to the same basic configuration as the 
proposed production well field pattern, and operated under the same 
conditions as the proposed mining procedures. 

2. Leaching of the pattern will be run for at least 3 months under 
commercial activity conditions using leaching agent concentrations 
equal or gre~ter than is expected to be required for production. 

3. After leaching phase, a complete chemical description of the 
produced fluid will be obtained and a demonstration of a restoration 
will be initiated . 

4. Brine concentrate will be discharged to a disposal well or contained 
in on-site tankage until it can be dis~osed of at an authorized 
site. 

5. Sample analysis of fluids will be completed at least every week 
during the restoration demonstration to all ow observation of the 
concentration of various restoration parameters. The permittee 
shall compile reports based on the weekly sampling. These progress 
reports shall be submitted t~ the Di~ector, Water Rights and Uses 
Division of the Texas Water Commissio~ biannually. 

6. Restoration will continue until the ground water is restored to 
levels consistent with baseline. 

7. With each progress report, the operator will calculate and submit 
the volume of ground water affected. Factors to be considered 
include: areal extent, formation thickness, and porosity. Upon the 
consideration of the restoration demon strati on, submit the data, 
analysis, and conclusions in a final report. 

8. Authorization for expansion of mining into additional Produc:ion 
Areas wi 11 be contingent upon the results of the restoration 
demonstration within the 18 month period. 

K. Durin~ the full-scale restoration at this site, the permittee shall use 
reverse osmosis (R.O.) treatment of ground water from the mine zone 
aquifer in accordance with the plans outlined in the technical report 
submitted as part of the application. 

L. Waste water produted from the reject side of the R. 0. unit, less that 
amount of water con st i tut i ng the bl .eed streams, sha J l be replaced by an 
equal amount of makeup water purchased for that purpose. Prior to the · 
purchased water being injected into the mine zone, it will be commingled 
with the R.O. product and· mine zone water. 
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M. Waste streams and reject restoration fluids will be disposed of down a 
Commission approved Class I waste disposal well. All terms and 
conditions of the waste disposal well permit will be complied with. 

N. Monitor wells sh~ll be iristalled in the first aquifer underlying the 
production zone. These wells shall be sampled and analyzed and the 
results shall be reported according to the same schedule established for 
the monitor wells in the first overlying aquifer. The first underlying 
aquifer shall be determined as follows: 

1. A hydrologic test shall be conducted in each production area to 
dertermine if the "A" sand is in communication with the 11 811 or "C" 
sands . 

{a) If the "A" sand is not in communication with the 11 811 or "C" 
sands it shall be considered to be the first underlying aquifer 
and shall be monitored fn accordance with 31 TAC Section 
33Ll03{b). 

(b) If the "A" sand is in communication with the 11 811 or "C" sands 
it shall be monitored in accordance with 31 TAC Section . 
331.103(a). In this case the "AA" sand shall be considered to 
be the first underlying aquifer and shall be monitored in 
accordance with 31 TAC Sectjon 331.103(b). 

0. The permittee shall use the s_ame averaging process for restoration 
samples as is used to establish baseline water quality values so that 
constituent levels are directly comparable. 

P. Any modification to a Restoration Table in a Production Area 
Authorization which would exceed the high values contained in the· 
Restoration Range Table, which is set out in Table 2 of this permit, 
shall require published notice and opportunity for a public hearing in 
accordance with 31 TAC Section 305.102.· 

VIII. Specific Definitions 

A. Permit Area - The Permit Area is defined as shown in Figures 1 and 2. 

B. Mine Plan - The Mine Plan is defined by Figure 2 Table 1. An updated 
Mine Plan will be issued as part of each future Production Area 
Authorization or Permit amendment. 

C. Application - The document entitled "Kingsville Dome Project, Expansion 
No. 1, Supplementary Technical Report, 11 filed by URI, Inc. as received 
on May 13, 1988 and subsequent amendments thereof. 
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Permit No. UR02827 
URI, Inc. 
Kingsville Dome Mining Project 

Ca 
Mg 
Na 
K 
co 
Hca3 so4 

•

Cl 
Fl 
N 
Si02 pH* 
TDS 
EC** 
Alk*** 
As 
Cd 

. Fe 
Pb 
Mn 
Hg 
Se 
NH3 u 
Mo 
Ra 226**** 

Table 2 

RESTORATION RANGE TABLE 

LOW 

5.15 
2.8 

288 
4.72 
0 

142 
13 

196 
.49 
.01 

9 .1 
7.37 

880 
1470 
205 

<.001 
<.0001 
<. 01 · 
<.001 
<.001 
<.0001 
<.001 

.01 

.002 
<.01 

.01 

Parameter values are expressed in mg/l except where noted 

* standard units 
** umhos 
*** standard units 
**** pCi/l 

Page 13 

HIGH 

74 
10 

352 
12.l 
71 

505 
310 
352 

1.10 
5.8 

22 
9.5 

1230 
2100 

444 
.023 
.0034 
.26 
.014 
.08 
.01 
.072 

13 
1.89 

.84 
202 
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TEXAS WATER COMMISSION 
Stephen F. Austin State Office Building 

Austin, Texas 

PERMIT to conduct underground 
injection under provisions of 
Permit No. URO 2827 . 

·I. Name of Permittee: 

A. Name URI, Inc. 

PRODUCTION AREA AUTHORIZATION 
Mine: Kinasville Dome 

Mining Project 
Production Area: UR02827-0ll 

B. Address 12377 Merit Drive, Suite 750 LB14 
Dallas, TX 75251 

II. Name of Mine: Kingsville Dome Mining Project 

III. Standard Provisions 

A. Restoration Table _ 
B. Control Parameter Upper Limits Table 
C. ·Designated Monitor Well Table 
D. Permit Area Map 
E. Mining and Restoration S.chedule 
F. Plan View of Mine Area 
G. Baseline Water Quality Table 

CONTINUED on Pages 2 through 10. 

The pennittee is.authorized to conduct injection activity in accordance.with 
limitations, requirements, and other conditions set forth herein. This 
Authorization is granted subject to the provisions of Pennit No. UR02827. 
This Authorization is valid until amended or revoked by the Conmission. 

APPROVED, ISSUED AND EFFECTIVE this .,.12th· day of_A_p_r_i_l ______ , 19~. 

, TOWR-0076C 
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Production Area Authorization 
·Penni t No. UR02827-0ll 

IN. Sp~cial Provisioris 
~~ 

Page 2 

A. Restoration Demonstration - The permittee shall complete one 
or more restoration demonstrations within 18 months of the 
date on which mining commences. The demonstration shall 
include the following: 

1. An isolated restoration demonstration pattern, completed 
in a Production Area, constructed to the same basic 
configuration as the proposed production well field 
pattern, and operated under the same conditions as the 
proposed mining procedures • 

2. Leaching of the pattern will be run for at least 3 
months under commercial activity conditions using 
leaching agent concentrations equal to or greater than 
is expected to be required for production. 

3. After leaching phase, a complete chemical description of 
· the produced fluid will be obtained and a demonstration 

of a restoration will b~ initiated. 

4. Brine concentrate will be discharged to a disposal well 
or contained in on~site tankage until it can be disposed 
of at an authorized site. 

5. Sample analysis of fluids will be completed at least 
every week during the restoration demonstration to allow 
observation of the concentration of various restoration · 
parameters. The permittee shall compile monthly reports 
based on the weekly sampling. These progress reports 
shall be submitted to the Director, Water Rights and 
Uses Division of the Texas Water Commission biannually. 

s·. Restoration will continue until the ground water is 
restored to levels consistent with baseline. 

7. With each progress report, the operator will calculate 
and submit the volume of ground water affected. Factors 
to be considered include: areal extent, fonnation 
thickness, and porosity. Upon the completion of the 
restoration demonstration, submit the data, analysis, 
and conclusions in a final report. 

8. Authorization for expansion of mining into additional 
Production Areas will be contingent upon the results of 
the restoration demonstration within the 18 month 
period. 
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Production Area Authorization 
Permit No. UR02827-011 

Page 3. 

B. Non-Production Zone Monitor Wells 

1. Non-Production Zone Monitor Wells shall be completed in 
the second overlying { "E Sand") and first underlying 
("AA Sand") aquifers in this production area. These. 
monitor wells shall be tested for water level 
fluctuations every three months during injection opera
tions. 

2. 

3. 

The procedure to be used in testing for water level 
fluctations is subject to Commission approval. The 
results of these water level measurements shall be 
submitted to the TWC Central Offic·e on March 1st, June 
1st,. September 1st, and December 1st of each year. 

If a Monitor Wel 1 in one of these aquifers exhibits 
water level fluctations that demonstrates hydrologic 
communication between the Production Zone and one of 
these aquifers, the permi ttee :s ha 11 determine if and to 
what extent leaching solutions are present in affected 
aquifers· and effect clean-up in accordance with 31 TAC 
Section 331.106. Under such circumstances, corrective 
action reports shall be submitted monthly to the 
Director, Water Rights and Uses Division, in Austin. 
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Production Area Authorization 
Pennit No. UR02827-0ll 

Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Sulfate 
Chloride 
Fluoride 
Nitrate-N 
Silica 
pH 
TDS 
Conductivity 
Alkalinity 
Arsenic 
Cadmium 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Ammonia 
Molybdenum 
Radium 226 
Uranium 

Page -4-

ATTACHMENT A 

RESTORATION TABLE 

Unit Concentration 

mg/l 20.8 
mg/l 5. 1 
mg/l 344 
mg/l 7.67 
mg/l 38 
mg/l 268 
mg/l 204 
mg/l 234 
mg/l 0.56 
mg/l 0.75 
mg/l 17.9 

8.74 
mg/l 997 

umhos 1717 
Std. Unit 272 

mg/l 0.005. 
mg/ 1· 0.01 

. mg/l 0.04 
mg/l 0.02 
mg/l 0.01 
mg/l · 0.001 
mg/l 0.007 
mg/l 1.06 

. mg/l 0.06 
pCi/l 21. 63 
mg/l 0.164 
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Production Area Authorization 
Pennit No. UR02827-011 

ATTACHMENT B 

Page -5-

CONTROL PARAMETER UPPER LIMITS TABLE 

CONTROL 
PARAMETER 

Conductivity (umhos) 
Uranium (mg/l) 
Chloride (mg/l) 

PRODUCTION ZONE 

2625 
5.927 

440 

CONTROL .Fir~t Overlying ("D Sand" 
PARAMETER NON PRODUCTION ZONE 
~~~~~~~~~~~~~~~~~~...;._;_ 

Conductivity (umhos) 
Uranium. (mg/1) 
Chloride (mg/l) 

2400 
5.091 

354 

._ __ ,_ 
. "-'";. --·-------:-·--:·--·---·· -~-·--:---·--------·-·:----- -·- ---



Production Area Authorization 
Pennit No. UR02827-011 

Page -6- · 

ATTACHMENT C 
DESIGNATEO·MONITOR WELL TABLE 

Production Zone 

MWl 
MW2 
MW3 
MW4 
MWS 
MW6 
MW7 
MW8 
MW9 
MWlO 
MWl 1· 
MW12 
MW13 
MW14 
MWlS 
MW16 
MW17 
MW18 
MW19 
MW20 
MW21 . 
MW22 
MW23 
MW24 
MW2S 
MW26 
MW27 

First 
Overlying 

lD 
20 
30 
40 
SD 
60 

. 70 
80 
90 

100 
110 
120 
130 
140 
lSO 
160 
170 

Kon-Production Zones 

Second First 
Overlying Underlying 

E-1 
E,;..2 
E-3 
E-4 
E-S 
E-6 
E-7 
E-8 

lAA 
2AA 
3AA 
4AA 
SAA 
6AA 
7AA 
BAA 
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GROL •• OWATER ANALYSIS REPORT SUMMAR'v An 
BASELINE WATER ~UALITY- In Situ Mining 

· compinv: URANIUM RESOURCES 

Mine Name: KINGSVILLE DOME 
Mine Arna: PRODUCTION AREA No. 1 

D111e Summerlzed: 11-20-87 

I 
PRODUCTION ZONE iNON PRODUCTION WELL l.D. BY AREA" 

l ZONE"" MINE AREA"" PRODUCTION AREA NON PROD. ZONE 

PARAMETER UNIT low Average High Low Average High 
PROD. 

low Average High ZONE Mina Product. 

I Calcium. mull - _Lj2_ <J.2 223 5.15 20. 8. 29.3 JQ.J_ 17.8 23.4 ID MWl lEX 
2 Milllneaium mg/I .26 3.2 504 3.81 5.0 6.07 2.8 5.1 6.2 20 MW2 2EX -
3 Sodium mun 325 376 412 311 326 346 316 344 349 ·JD MW3 JEX 
4 Polauium mun 2.76 5.7 124 472 -· 6.8 893 5.85 7.67 12.1 40 MW4 11 
5 Car bona II mg/I 21 41 67 9 -· 33 65 0 38 71 SD MWS 21 
6 Bicerbonall mg/I 21n 411 501 142 268 J43 212 255 3J5 6D MW6 Jl -
1 Sulla11 mg/I 21 qn . -15.8.._ -187 2!M_ 2 'i 7 81 1<J7 239 _llL_ MWL ~!._ - ----
B Chloride mg/I 224 252 283 196 212 259 212 234 J52 8D t-n-18 51 
-· 
9· Fluoride mull .66 • 777 .92 ,49 .55 .65 .49 .56 .63 90 m~9 61 - -
10 Nl1ra111 · N • mg/I <.08 5. 71 16.2 <.02 .75 2.3 <.02 .29 1. 71 

.. 
lOD MWlO 7I - . 

II Silica mg/I 15.0 17'. 2 20.4 16.0 17.7 19.7 9.1 17. 9 20.1 110 MWll 81 -
12 pH 8. 45 . 8.82 9.40 8.27 8.74 9.50 7.82 8.6 8.91 120 MWl2 91 .. 

13 TDS mg/I 880 995 1170 880 954 1110 944 997 1050 13D MW13 101 ·-
14 Conduc1ivi1y µmho1 _uJQ_ 1703 1920 1549 1616 1730 1580 1717 2100 14D MW!~ 111-161 ---
15 Alkillinily S1d. unil 228 407 469 219 271 306 205 272 338 150 MW15 121 
--
16 Arsenic mg/I <.001 .001 .016 f( • 01 .004 .02 .001 .005 .022 160 tnH6 131 -- .. 

11 Cadmium mg/I <.Ol .01 .08 v .01 .01 .03 <.01 .01 .03 17D MW17 -
18 Iron mull <.01 .06 •JO k: • 01 .01 .02 <.01 .04 .26 mll8 
- ,; 
19 lHd mull <.02 <.02 <.02 k .01 <.02 ~L <.01 <.02 <.02 tnH9 --
20 M1npne11 mg/I < n1 <.01 <.·01 <.001 .01 .03 <.001 .01 .OJ MW20 --
21 _Mercury mull - ~.0002 .001 .OJ <_.001 <.001 <.001 ~-0002 <.001 .01 tnn1 

' 
22 Selenium mg/I <.001 .001 ~009 <..001 .005 .032 .(.001 .007 .072 tnn2 

23 Ammoni1 mg/I <.01 .105 .29 .02 .46 6.25 <.0_1 _ _L.06_ lJ.O MW23 -----
24 Ur1nium mg/I .001 .01 • 09.l .002 .057 • 34 .008 .164 .927 MW24 
---

(.Of <.01 .20 ~nns 25 Molybdenum mg/I .01 .05 (.01 .01 .09 .06 
-

<.1 \ 21. 6J 47. 6 mn6 26 Radium 226 .67 ·2.68 /.18 10. 64 202 .66 
I 

; , MW27 
• LIST THE IDENTIFICATION NUMBERS OF WELLS USED TO OBTAIN THE LOW, AVERAGE AND HIGH VALUES. 

I · I . . i , I · . . 
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TEXAS WATER COMMISSION 
Stephen F. Austin State Office Building 

Austin, Texas 

AUTHORIZATION to conduct underground 
·injection under provisions of 
Permit No. UR02827-001 

• 
I. Name of Permittee: 

A. Name URI, Inc. 

' 
• r , ... 

PRODUCTION AREA AUTHORIZATION 
Mine: Kingsville Dome 
Production Area: UR02827-021 

12377 Merit Drive, Suite 750, LB-14 

B. Address Dallas, Texas 75251 

I I. Name of Mine: Kingsville Dome 

III. Standard Provisions 

A. Restoration Table 

B. Control Parameter Upper Limits Table 

• 
c . Designated Monitor Well Table 

D. Permit Area Map 

E. Mining and Restoration Schedule 

F. Plan View of Mine Area 

G. Baseline Water Quality Table 

CONTINUED on Pages 2 through 11 

The permi ttee is authorized to conduct injection activity in accordance with 
limitations, requirements, and other conditions set forth herein. This 
Authorization is granted subject to the provisions of Permit No. UR02827-001. 
This Authorization is valid until amended or revoked by the Commission. 

APPROVED, ISSUED; AND EFFECTIVE this 28th 

ATIEST: ~ (}. '0~!"1" 
day of~\~ 1_9_9_0---::::::=--" 

-lS.))UJl.L ;:tte: 
For the Comf ission 

lWC-0076C (Rev.10-22-86) 
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Production Area Authorization 
Permit No. UR02827-02l 

Page 2 

IV. Special Provisions 

A. 

B. 

Proof of mechanical integrity for all injection wells shall be 
demonstrated .by well completion report.s, cementing records, and a 
pressure test. 

Financial Assurance 

The permittee shall secure and maintain in full force and effect at 
all times a performance bond or other form of financial security, in 
accordance with 31 TAC 305.153 to provide for plugging and 
abandonment of the permitted Class III uranium wells. The bond or 
other form of financial security shall be in the amount of 
$422,021.00 and shall be reviewed annually. The amount of financial 
security may, at the discretion of the Texas Water Commission in a 
separate and independent proceeding, be altered at a future date to 
provide for adequate plugging subject to prevailing general economic 
conditions. This permit does not authorize underground injection of 
fluid unless 'the permittee has in effect the performance bond or 
other form of financial security described above. 

· ·c.· Non-Production Zone Monitor Wells 

1. Non-Production Zone Monitor Wells shall be completed in the second 
overlying ("E Sand") and first underlying ("A Sand") .aquifers in 
this production area. These monitor wells shall be tested for 
water level fluctuations every three months during injection 
operations. 

2. The procedure to be used in testing for water level fluctuations 
is subject to commission approva 1. The results of these water 
level measurements shall be submitted to the TWC Central Office on 
March 1st, June 1st, September 1st, and December 1st of each year. 

3. If a Monitor Well in one of these aquifers exhibits water level 
fluctuations that demonstrates hydrologic communication between 
the Production Zone and one of these aquifers, the permittee shall 
determine if and to what extent leaching solutions are present in 
affected aquifers and effect clean-up in accordance with 31 TAC 
Section331.106. Under such circumstances, corrective action 
reports shall be submitted monthly to the Director, Water Rights 
and Uses Division, in Austin. 



Production Area Authorization 
Permit No. UR02827-021 

Parameter 

Calcium 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Sulfate 
Chloride 

•

. Fluoride 
Nitrate-N 
Silica 
pH 
TOS 

· Conductivity 
Alkalinity 
Arsenic 
Cadmium 
Iron 
Lead 
Manganese·· 
Mercury 
Selenium 
Ammonia 

•

Molybdenum 
Radium 226 

. Uranium 

ATTACHMENT A 

RESTORATION TABLE 

Unit 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/l 
mg/l 
mg/1 
mg/l 
mg/1 
No Units 
mg/l . 

}Jmhos 
Std. Unit 
mg/1 
mg/l 

.mg/l 
mg/l 
mg/1 

·· mg/1 
mg/l 
mg/1 
mg/1 
pCi/l 
mg/1 

Page 3 

Concentration 

25.3 
5.5 

323 
8.2 
7 

327. 
224 
224 

0.65 
0.89 

27 
7.37 to 8.66 

·1035 
1662 

280 
0.006 
0.0002 
0.03 . 
0.004 
0.02 
0.0001 
0.014 
0.15 
0.38 

92 
1.8.9 
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Production Area Authorization 
Permit No. UR02827-021 

: , 

Page 4 

ATTACHMENT B l . 

CONTROL PARAMETER UPPER LIMITS TABLE 

CONTROL 
PARAMETER 

Uranium (mg/l) 

· Conductivity (}Jmhos) 

.Chloride (mg/l )· 

·'' 

• 
:· 

PRODUCTION ZONE 

8.75 

2,525 

420 

NON-PRODUCTION ZON~ ·(D SAND) 

5.027 

. 2' 463 

406 
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Production Area Authori za-t ion 
Permit No. UR02827-021 

ATTACHMENT C 

DESIGNATED MONITOR WELL TABLE 

Page 5 · 

Production Zone Non-Production Zones 

MW31 
MW32 
MW33 
MW34 
MW35 
MW36 
MW37 
MW38 
MW39 
MW40 
MW41 
MW42 
MW43 
MW44 
MW45 
MW47 
.MW48 
MW49 
MWSO 
MWSI 
MW52 
MW53 
MW54 
MW55 
MW56 
MW57 
MW58 
MW59 
MW60 
MW61 
MW62 
MW63 
MW64 
MW65 
MW66 
MW67 
MW68 
MW69 
MW70 
MW71 

First 
Overlying 

Dl7 
DIS 
Dl9 
D20 
D21 
D22 
023 
D24 
025 
026 
027 
D28 
029 
030 
031 
032 
033 
03~ 
035 
036 
D37 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
D49 
050 
D51 
052 
053 
054 
055 
056 
057 

Second 
Overlying 

E9 
ElO 
Ell 
El2 
El3 
El4 
El5 
El6 
El7 
EIS 

First 
Underlying 

A9 
AlO 
All 
Al2 
Al3 
Al4 
A15 
A16 
Al7 
Al8 
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GROUND WATER ANALYSIS UEPORT SUMMARY And 
BASELINE WATER QUALITY - In Situ Mining 

ATTACHf.'. ""' G 

• URI, Inc. 

ine Name: Klngsvl I le Dome 

Mine l\ru: __ ,_2 ______________ _ 
0118 Summ11rl1ed: _ _,:;:2'---=1"'3'--_.9'-"'0'-----------

NON PRODUCTION PRODUCTION ZONE WELL 1.0. BY AREi\" 
ZONE"" MINE l\nEI\"" PRODUCTION AREA NON PROO.ZONE 

PARAMETEn UNIT Low Avr.rage High Low Avr.r11ge High Low A1rtr11ge High 
PROO. 
ZONE Mine Produc:.1. 

I Cllcium mg/I 2.5 10.2 41 0.11 25.3 74 12 22 35 0 :x BL 547 
2 Magnl!sium mg/I .2 3.0 8.8 3.3 5.5 

I 
. 

10 3.9 5.1 - 6.2 I BL 1047 

J Sodium mg/I 321 363 406 296 318 352 315 323 338 
...... "" BL 12110 .... 

4 Po111sslum mg/I 3.1 7.9 28 5.1 6.7 9 6.3 8.2 9.6 
:r 
::'.' -4 BL 1265 

5 C1rbon1te mg/I 0 25 72 0 7 23 0 4 16 
c ., 

BL 11191 ~ 0 

6 Oicarbonllte mg/I 243 383 500 .253 327 505 246 297 333 
IQ 

0 :r 

1 Sulf111 mg/I 3 96 280 13 183 227 206 224 239 
I :x ..,, 

~ 

8 Chloride. mg/I 217 270 325 198 231 336 209 2211 239 
I 

9 Fluor id• mg/I .57 1.05 2.20 • 55 .65 1.10 .57 .61 .65 
.... 

10 Nitrate· N mg/I < .01 • 11 1.8 .01 .89 s.8 .09 .so 1.2 

I 1 Silica mg/I 18 112 160 18 22 30 22 27 34 

12 pH Std. unit 7.98 8.71 9.20 7.37 8.33 8.94 8.15 8.34 8.66 

13 TOS mg/I 895 1058 1250 914 1008 1230 976 1035 1070 

14 Conductivity pmhos 1'190 1761 1970 1490 1648 2020 1590 1662 1720 

15 Alkalinity Sid. unit 199 355 11'16 240 280 41,4 228 250 273 

16 Arsenic mg/I (.001 .002 .01 < .001 .004 .023 < .001 .006 .017 

17 Cadmium mg/I <.0001 .0001 .0005 < .0001 .0002 .0017 (.0001 .0001 .0001 

18 Iron mg/I < .01 .09 .82 .01 .03 • 16 .02 .02 .03 

19 Lead mg/I ~-.001 .005 .065 < .001 .002 .014 < .001 .004 .017 

20 M1n111nese mg/I < .01 .01 .03 < .01 .02 .OB < .01 .01 .01 

21 _!"'erc:ury mg/I <·0001 .0001 .0001 < .0001 < .0001 < .0001 < .0001 .0001 .0001 
I-

22 Selenium mg/I < .001 .001 .004 < .001 .002 . .006 .001 .008 .017 

23 Ammoni1 mg/I < .01 • 13 1.50 .01 .OB .2 .08 .15 .23 

24 Ur1nium mg/I ~ .001 .006 .027 < .001 .019 .272 .252 1.89 3.75 

25 Molybdenum mg/I < .01 .01 .03 < .01 .03 .2 .OS .38 .84 

26 A1dium 226 mg/I • 1 .42 2 .3 5.7 82 31 92 157 

. . 
• LIST THE IDENTIFICATION NUMOERS OF WELLS USED TO OBTAIN THE LOW. AVE.RAGE AND HIGH VALUES. •"MONITOR WELLS , 
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-· , AT'l'J\CHMEN 

GllOUNO WATER ANALYSIS nEronT SUMMAnY And 
BASELINE WATEH QUALITY - In Situ Mining 

NON PnOOUCTION 
ZONE .. 

PAnAMF.TEn UNIT Low AvBllQ'I lli~h 

I Calciurn, moll 103 309 514 ,__ 
2 M1111nr1ium mg/I 151 275 418 -
J Sodiurn mg/I 27110 311111 11600 -
4 Po1111ium mg/I 20 311 57 --
fi c .. bon111 mg/I 0 3 18 
6 0 icar IJOn• I• mg/I 168 26) 461 
7 Sullo11 rng/I 651 17118 2696 
8 Chlorilh mg/I 11210 5601 7205 
9 fluoridl moll • 1, 9 .68 .82 
ID Nilrall • N mg/I < .01 .01 : • 05 
11 Si lie. mg/I 19 2) 31 
12 pit Std. unil 7. 66 8.01 8.51 

13 TDS mv 11 6610 12320 15800 

14 Conduc1ivi1y ,.mho• 111100 19540 211200 -
15 Alkalinity Sid.unit lJ8 220 378· 

16 An1nic mg/I < .001 < .001 < .001 

17 Cadmium moll <OOOl .0001 .0001 

18 Iron mg/I <.01 .0) .06 

19 L .. d moll <.001 ~ .001 K.001 

20 M1~n111 mg/I (.01 • 0 l .02 

21 Mercury mg/I (.0001 <.0001 <.0001 -
'22 Selenium m~/I <.001 < • 001 • .001 
-
23 Ammoni• mg/I .OJ • 25 1.10 

24 U11nium "'911 <.001 .001 .0011 

25 Molyb<Jonum rno/I <.Ol <. 01 <CJ I 

26 A.ctium 126 mg/I . 7 1.07 l. 7. 

.Low 

•
Com~1ny: UR 1 , Inc. · 

M1n1 N1mt: ____ K_l __ n..,.g __ i:;.._v-=-l-=-1-=-1-=-c--=-D...:::o..::.m:.:::c'--------
. Mi,,. Aru: ___ 1_2 ____________ _ 

(CONT.) 

D111 Summorlud: July 7. 198 

PRODUCTIOll ZONE WEll 1.D. llY AAEA• 

MINE AREA' 0 f'AODUCTIOrl AREA NOtl rnoo. ZONE 
rnoD. 

AVt!nge lligh Low ""''-0- lllgh ZONE Mine ,,O.,.,CI. 

'E · 9 
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E l 2 
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E 16 
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• llliT TUE IDENTIFICATION tWMDERS OF WEllS USED TO ODTAIN TllE LOW, AVERAGE AND lilGll VALUES. • "MONITOn WELLS 
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c:noUNfJ WA Hn ANAL '(SIS 11Ef'OUT-SUMMl\flY And -
01\SELINE WATEn QUALITY - In SilU Mining 

TTJ\CllMENT G 

. NON rnooUCTION 
ZONE" 0 

PAflAMETF..R UNIT Low Average Iii oh 

1 Care"'"' mg/I 10 10 2'• --
7 M~netnrm "'g/I 2 .1 ,, • 1 8 

J Sod1urn rng/I 350 JOG 1128 ---
4 ro1u1iurn mg/I. 7.8 10.6 15 

5 C11bon111 mg/I 0 18 '11 

6 ilica•honlle mg/I 179 209 277 

1 Sulla le mg/I 270 328 30) 
-

8 Chloride mg/I 257 279 328 

' 9 Fluoride mg/I ,1,7 .56 .GS ---
10 Ni1rart ·fl· mg/I .01 .05 .32 _,_ 
II S11tcli mg/I 10 22 is 
f-

17 plf S1iJ. unil 0.10 0. 71, 9.09 ·--
IJ TOS ntg/I 11'10 12)0 1300 --
14 Conduclivily 11rnho1 1700 19211· 2170 

15 Alloll1nily Sid. unit 16) 197 227 

16 Arsenic mg/I .001 .003 .007 
-
17 Cadmium mg/l .0001· .0001 .0003 

18 Iron_ mg/I .01 .Ol • 1 I 

19 Lud mg/I .001 .001 .001 --
70 M1n91ne11 rng/I .01 .01 .01 -
11 .!-4~'!~" mg/I .0001 .0001 .0001 

--
22 Selenium mg/I .001 ,001 .001 
-· 

2J Ammon it rnoll .OJ .02 2.S 
-- ---

24 Uranium n>gll ,001 .oo~ .022 

75 Molyb<Jenum rng/I .Ol • 2'• .7 
--
16 n1r1ium 276 mg/I ·'• .7 I.) 

Low 

. NT.) 

•

Cornp•ny: llRI', Inc • 

Mine thrne:. ~-g_sv_l_l_l_e_O_om_e"-----------
Mine Arra: - PAA 12 -------------------------------
Dale Summ1111td: __ 2"'"·-'1'-··..:9;.;:;0 __________ _ 

rnooucrmN ZONE WEll 1.0. BY AU(A 0 

MINE l\OIEA" PnOOUCTION An EA llON rnoo. ZONE 
rnoo. 

Average lligh Lo.., Avengt u., .. ZONE Mine rroduCI. 
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• LIST TllE IOENTIFICATIOU NUMoens Of WELLS USED TO OBTAIN TllE LOW, AVEnAGE ANO lllGll VALUES .. • 
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THE STATE OF TEXAS 
. COUNTY OF TRAVIS 

. I hereby certify that this Is a tmo and correct 
TEXAS NATURAL RESOURCE CONSERCQMff'f""~ ~~.N.~Hitt,~urce .conservation 

· t'ihftlhls~lo'1'~~~tt>l\i~h ls filed in the 
permanent records of the Commission. 

~
under_ mr JiC,hepal of office on . 

~ x I r EB I 0 1998 
Eugen i K. Brumm, Cblef Clerk 
Tcxa~ Nutural Resource 
Con..;ervuti<in Commission 

AN ORDER concerning the application by URI, Inc. for 
Production Area Authorization 3; Permit No. 
UR02827-031; TNRCC Docke~ No. 97-1063-UIC 

On December 17, 1997 and January 21, 1998, the Texas Natural Resource 
Conservation Commission (Commission) considered the application by URI, Inc~ (URI) for a 
production area authorization (PAA-3). The PAA would authorize URI to expand mining 
operations into Production Area No. 3 atURI's Kingsville Dome project. The draft -
Restoration Table for this production area authori.i'ation is based on the pre~mining data 
submitted with this application and would be applicable only to PAA-3. The Commission also 
considered the Executive Director's Response to Public Comment and requests for hearing 
filed by the persons on the attached list. 

After considering the written filings, legal briefs and oral comments, the Commission 
determined that applicable law does not provide for the opportunity to request a hearing on an 
application for a PAA. Accordingly, the hearing requests filed by the persons on the attached: 
list were found to not have been authorized by law, as required und~r Commission rules. The 
requests for hearing thus were not evaluated under the requirements of 30 Tex. Admin. Code 
Chapter 55, Subchapter B. ·· 

The Commission further determined to adopt the Executive Director's Response to 
Public Comment and to approve the application by URI for PAA-3. 

NOW, THEREFORE, BE IT ORDERED BY THE TEX.AS NATURAL RESOURCE 
CONSERVATION COMMISSION that the hearing requests of the persons on the attached list 
be denied. The application by URI for i>AA-3 is APPROVED in the form shown in the draft 

· : PAA prepared by the Executive Director. 

Issue date: F£B 061998 

!: 

TEX.AS NATURAL RESOURCE 
CONSERVATION COMMISSION 

Qt'~ 
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PRODUCTION AREA AUTHORIZATION 
Mine: Kingsville Dome 
Production Area: UR02827-031 

' ' •I •.'> 

Texas Natural R~source 
Conservation Commission 

Austin, Texas DOCKEt 97-1063-UIC 

AUTHORIZATION to conduct underground 
injection under provisions ·Of 
Permit No. UR02827-001 

I. Name of Permittee: 

A. Name: 

B. Address: 

II. Name of Mine: 

URI, Inc. 

12750 Merit Drive, Suite 1020, LB 12 
Dallas, Texas 75251 

Kingsville Dome 

Ill. Standard Provisions: 

A.. . Restoration Table (Attachment A) 
When mining of the production area is completed, the permittee shall 
proceed to reestablish groundwater quality in the mine area aquifer to a 
level consistent with the values listed in the Restoration Table in 
Attachment A or obtain an amendment to the Restoration Table 
according to 30 TAC §331.107(f). When restoration begins, the 
permittee shall notify the Executive Director. 

B. Control Parameter Upper Limits Table (Attachment Bl 
If the results of rqutine sample analysis from a designated monitor well 
show that the value of any control .parameter is equal to or above the 
·values listed in Attachment B, the operator shall follow all procedures for 
verification, notification, and remediation according to 30 TAC 
§ § 331 • 105 - 3"31 . 106 

CONTINUED on Pages 2 through 11 

The permittee is authorized to conduct injection activity in accordance with limitations, requirements, 
and other conditions set forth herein. This Authorization is granted subject to the provisions of Permit 
No. UR02827. This Authorization is valid until amended or revoked by the Commission. 

ISSUED~ -FEB·~ 
AITEST. . "jtau4£ ~ . 
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URI, Inc. 
Prod.uction Area Authorization No. 3 
UR02827-031 

ATTACHMENT A 
RESTORATION TABLE 

Parameter .!.lnil Concentration 

Calcium mg/I 18 
Magnesium mg/I 6.9 
Sodium mg/I 404 
Potassium mg/I 16.4 
Bicarbonate mg/I 232 
Sulfate mg/I 364 
Chloride mg/I 289 
Nitrate-N mg/I . 0.89 
Fluoride mg/I 0.64 
Silica mg/I 20 
TDS mg/I 1221 
Conductivity µmhos 2017 
Alkalinity Std. Units 191 
pH Std. Units 6-9 
Arsenic mg/I 0.009 
Cadmium mg/I 0.0001 
lrori mg/I 0.02 
Lead mg/I 0.003 
Manganese mg/I 0.01 
Mercury mg/I •' 0.00001 
Molybdenum mg/I 0.49 
Selenium mg/I 0.014 
Uranium mg/I 0.102 
Ammonia-N mg/I 0.18 
Radium-226 pCi/I 5.2 

Page 3 
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URI, Inc. 
Production Area Authorization No. 3 
UR02827-031 

. . . . . 

Mine Area 

MW-72 MW-116 
MW-73 MW-117 
MW-74 MW-118 
MW-75 MW-119 
MW-76 MW-120 
MW-77 MW-121 
MW-78 MW-122 
MW-79 MW-123 
MW-80 MW-124 
MW-81 MW-125 
MW-82 
MW-83 
MW-84 
MW-85 
MW-86 
MW-87 
.MW-88 
MW-89 
MW-90 
MW-91 
MW-92 
MW-93 
MW-94-A 
MW-95 
MW-96 
MW-97 
MW-98 
MW-99 
MW-100 
MW-101 
MW-102 
MW-103 
MW-104 
MW-105 
MW-106 
MW-107 
MW-108 
MW-109 
MW-115 

ATTACHMENT C 

DESiGNATED MONITOR WELL TABLE 

Prod.uction Area 

BL-5801 
BL-5802 
BL-5803 
BL-5804 
BL-5805 
BL-5806 
BL-5807 
BL-5808 
BL-5809 
BL-5810 
BL-5811 

Overlying 250' Sand 

OMW- 1 -250 
OMW- 2 -250 
OMW- 3 -250 
OMW- 4-250 
OMW- 5 -250 
OMW- 6 -250 
OMW- 7 -250 
OMW- 8 -250 
OMW- 9 -250 
OMW .- 10 -250 
OMW- 11 -250 
OMW- 12 -250 
OMW- 13 -250 
OMW- 18 -250 
OMW- 20-250 
OMW- 21 -250 
OMW -·22 -250 
OMW- 24-250 
OMW - "25 -250 
OMW- 26 -250 

· Overlying 400' Sand 

OMW- 10-400 
QMW- 14-400 
OMW- 15 -400 
OMW- 16 -400 
OMW- 17-400 
OMW- 19 -400 
OMW- 23 -400 

·Page 5 

.. ~ .. 

Underlying Sand 

AA-20 
AA-21 
AA-22 
AA-23 
AA-24 
AA-25 
AA-26 
AA-2..7 
AA-28 
AA-29 
AA-30 
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Kingsville Dome Mine Plan· (6-20~97) 
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GROUND WATER ANALYSIS REPORT SUMMARY And 
BASELINE WATER QUALITY- In Situ Mining 

NON-PRODUCTION 

•• --· 
Company: URI, Inc. 

Mine N.ame: Kingsville Dome 

Mine Area: #3 

Date Summarized: 6-20-91 · Production sand, 250~ sand 

PRODUCTION ZONE WELL l.D. BY AREA• 
PARAMETER UNIT · ZONE•• MINE AREA•• PRODUCTION AREA Non-Prod. Prod. Zone 

.. Low Average High Low Average High Low Average High Zone Mine Product. 
1 CALCIUM mgn 4 11 16 10 17 34 10 18 33 OMW-1-260 MW-72 BL-8501 
2 MAGNESIUM mgn 0.1 6.2 12.0 1.5 6.9 16.0 1.5 3.9 6.0 OMW-2-250 through BL-8502 
3 SODIUM mgn 395 615 776 332 404 525 313 402 480 OMW-3-250 MW-109 BL-8503 
4 POTASSIUM mgn 4.2 18.9 123.0 8.1 10.4 16.0 7.7 16.4 31.0 OMW~4-250 BL-8504 

5 CARBONATE mgn 0 27 96 0 0 5 0 16 49 OMW-5-250 MW-115 BL-8505 

6 BICARBONATE mgn 107 349 472 113 232 298 110 168 321 OMW-6-250 through BL-8506 

7 SULFATE mgn 27 179 517 199 351 557 183 364 487 OMW-7-250 MW-125 BL-8507 

8 CHLORIDE mgn 308 459 669 214 282 '' 443 216 289 362 OMW-8-250 BL-8508 

9 NITRATE mgn 0.00 0.02 0.28 0.00 0.89 3.80 : 0.00 0.19 2.10 OMW-9-250 BL-8509 

10 FLUORIDE mgn 0.69 1.31 1.80 0.47 0.59 0.77 0.49 0.64 0.8 OMW-10-250 BL-8510 -

11 SILICA mgn 14 17 26 15 19 22 17 20 23 OMW-11-250 BL-8511 

12 TDS (180°t mgn 1060 1411 2180 917 1221 1570 904 1188 1440 OMW-12-250 

13 EC (25° CJ µMhos 1910 2456 3660 1600 2'017 2590 1590 1995 . 2390 OMW-13-250 

14 ALKALINITY Std. Units 134 332 482 93 191 244 106 164 263 OMW-18-250 

15 pH Std. Units 7.59 8.67 9.44 7.30 8.09 8.44 7.69 8.7 9.57 OMW-20-250 

16 ARSENIC mgn 0.000 0.001 0.010 0.000 0.006 0.029 0.003 0.009 0.025 OMW-21-250 

17 CADMIUM mg/I 0.000 0.000 0.000_ 0.000 0.000 0.000- 0.000 0.000 0.000 OMW-22-250 

18 IRON mgn 0.00 0.01 0.06 0.00 0.02 0.13 0.00 0.01 0.04 OMW-24-250 

19 LEAD mg/I 0.000 0.001 0.007 0.000 0.003 0.034 0.000 0.000 0.000 OMW-25-250 '· 

20 MANGANESE mg/I 0.00 0.00 0.01 0.00 0.01 0.07 0.00 ·0.00 0.01 OMW-26-250 

21 MERCURY mgn 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

22 MOLYBDENUM mg/I 0.00 0.08 1.30 0.00 0.23 3.50 0.02 0.49 3.20 

23 SELENIUM mgn 0.000 0.000 0.002. 0.000 0.009 0.049 0.000 0.014 0.063 

24 URANIUM mgn 0.015 0.023 0.041 0.000 0.041 0.187- 0.032 0.102 0.229 

25 AMMONIA mg/I 0.00 0.09 0.38 o.oo 0.04 0.27· 0.00 0.18 0.40 

26 RADIUM 226 pCi/I 0.1 0.3 0.6 0.1 4.5 72.0 0.3 6.2 14.0 
.. 

• LIST THE IDENTIFICATION NUMBERS OF WELLS USED TO OBTAIN THE LOW, AVERAGE AND HIGH VALUES. •• MONITOR WELLS 
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GROUND WATER ANALYSIS REPORT SUMMARY and 
BASELINE WATER QUALITY- In Situ Mining 

NON-PRODUCTION 
PARAMETER UNIT ZONE•• 

Low Average High 

1 CALCIUM mg/I 17 34 41 

2 MAGNESIUM mg/I 0.09 104 16 

3 SODIUM mg/I 503 579 685 

4 POTASSIUM mg/I 8.1 12 19 

5 CARBONATE mg/I 0 0 0 

6 BICARBONATE mg/I 98 165 187 

7 SULFATE mg/I 615 659 768 

8 CHLORIDE mg/I 361 416 633 

9 NITRATE mg/I 0.00 0.01 0.04 

10 FLUORIDE mg/I 0.43 0.54 .074 

11 SILICA mg/I 2 19 59 

12 TDS (180°) mg/I 1650 1801 2140 

13 EC (25° Cl JJMhos 2660 2856 3420 

14 ALKALINITY Std. Units 80 135 153 

15 pH Std. Units 7.61 8.07 8.24 

16 ARSENIC mg/I 0.000 0.003 0.011 

17 CADMIUM mg/I 0.0000 0.0000 0.0003 

18 IRON mg/I. 0.00 0.03 0.20 

19 LEAD mg/I 0.000 0.000 0.001 

20 MANGANESE mg/I 0.00 0.00 0.02 

21 MERCURY mg/I 0.0000 0.0000 0.0000 

22 MOLYBDENUM mg/I 0.02 0.04 0.06 

23 SELENIUM mg/I 0.000 0.001 0.005 

24 URANIUM mg/I 0.014 0.056 0.211 

25 AMMONIA mg/I 0.00 0.07 0.2 

26 RADIUM 226 pCi/I 0.10 0.39 0.9 

• • 
Company: URI, Inc. 

Mine Name: Kingsville Dome 

Mine Area: #3 

· Date Summarized: 6-20-97 Underlying sand 

PRODUCTION ZONE WELL 1.0. BY AREA• 

MINE AREA•• PRODUCTION AREA Non-Prod. Prod. Zone 

Low Average High Low Average High Zone Mine Product. 

AA-20 

AA-21 

AA-22 

AA-23 

AA-24 

AA-25 

AA-26 

AA-27 

AA-28 

AA-29 

AA-30 

' 

• LIST THE IDENTIFICATION NUMBERS OF WELLS USED TO OBTAIN THE LOW, AVERAGE AND HIGH VALUES. •' MONITOR WELLS 
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Attachment 3 
Churchrock Pore Volume Calculation 
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CHURCHROCK SECTION 8 - PORE VOLUME CALCULATED BY ZONE 

SECTION 8 

ZONE Area (ft2) Tk (ft) Vol (ft3) Por gal/ft3 PV (gal) H-PIFV-PIF CPV (gal) 9XCPV 

UA 318,700 8.6 2,740,820 0.25 7.48 5, 125,333 1.5 1.3 9,994,400 89,949,601 

LA 404,500 12.2 4,934,900 0.25 7.48 9,228,263 1.5 1.3 17,995, 113 161,956,016 

UB 329,500 10.5 3,459,750 0.25 7.48 6,469,733 1.5 1.3 12,615,978 113,543,805 

LB 555,300 11.6 6,441,480 0.25 7.48 12,045,568 1.5 1.3 23,488,857 211,399,711 

UC 658,700 14.9 9,814,630 0.25 7.48 18,353,358 1.5 1.3 35,789,048 322,101,435 

ULC 378,200 10.5 3,971,100 0.25 7.48 7,425,957 1.5 1.3 14,480,616 130,325,545 

LLC 321,_900 12.3 3,959,370 0.25 7.48 7,404,022 1.5 1.3 14,437,843 129,940,584 

UD 124,600 10.4 1,295,840 0.25 7.48 2,423,221 1.5 1.3 4,725,281 42,527,525 

MD+LD 326,500 12 3,918,000 0.25 7.48 7,326,660 1.5 1.3 14,286,987 128,582,883 

.BTOTALS 3,417,900 40,535,890 75,802,114 147,814, 123 1,330,327, 106 

Area - Area of cut off grade mineralization. 
Tk - Thickness of cut off grade mineralization. 
Per - Estimated porosity of the rock. 
PV - Straight pore volume without any correction. 
H-PIF - Horizontal pore volume increase factor. 
V-PIF - Vertical pore volume increase factor. 
CPV - Corrected pore Volume . 

• 
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Attachment 4 
Churchrock Project Revised Technical Report, 1993, Figures 2.7-2 and 
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I 
J=:igure 2.7-3 

GROLIND WATER ANALYSIS REPORT-IN SITU t1INING-URANIUM 

COMPANY• URANIUM RESOURCES, INC. 
• 'TIFICATIONI OCR SHAFT 
l 6-30-87 
L~ORATORYI JORDAN LABORATORIES, INC. 

t1AJOR AND SECONDARY CONSTITUENTS 

ITEM 

CALCIUMCCA> 
t1AGNESIUM <MG> . 
SODIUM<NA> 
POTASSIUM CK) 

STORET 

00915 
00925 
00929 
00937 

CARBONATECC03> 00445 

-

BONATE < HC03 > 00440 . 
TE<S04> 00945 

C IDE<CL> · 00940 
NITRATE<N03-N> 71851 
FLUORIDE<F> • 00951 
SILICA<SI02> 00955 

TOTAL ·ION 

.180 C> 70300 
1v1 ION-0.5 HC03m 
EC<25 C> 00095 
EC<DIL>•106.5 X 20.0 • 
ALK. AS CAC03 00410 

MG/L· 

63 
15 

336 
6.1 

TOTAL CATION 

0 
431 
574 

.13 
0.65 
0.62 

12 

TOTAL ANION 
1451 

1320 
1236 
1800 UMHQS 
2130 UMHOS 

:~ AND TRACE CONSTITUENTS 

353 . 
e.01 

ITEM MG/L ITEM· 

' 

ARSENIC<AS> <0.001 MANGANESE<MN> 
BARIUM< BA> MERCURY CHG> 
CADMIUM<CD> 0.0004 t10LY.CMO> 
CHROM.CCR> NICKEL<NI> 
COPPER<CU> SELENIUM CSE> 
IRON<FE> 0.92 SILVER<AG> 
LEAD<PB> 0.003 URANIUM<U> 

XCATIONS XANIONS 
80 60 40 20 0 20 40 60 

REPORT DATEI SEPTEMBER 21, 1987 

EPM 

3.14 
1.23 

14.62 
. 0.16 

19.15 

·o.oo 
7.06 

11.95 
0.37 

TOTAL 

19.38 

CONDUCTANCE 

163.28 
57. 32 -

714.92 
11.52 

o.oo 
307.82 
883.11 

28.08 

2166.04 

XEPM 

16.40 
6.42 

76.34 
0.84 

o.oo 
36.43 
61.66 

1.91 

ACCURACY CHECK 
·RANGE 

ION 0.988 <.96.TO 1~04> 
TDS · 1 • 068 < • 90 TCi 1 • 10 > 
EC 0.983 <.95 TO 1.05> 

RADIATION-PICOCURIES/LITER 
THORIUM 230 1.5 +/- 0.1 
LEAD 210 . 18 +/- 4 
RADIUM 226 68 +/- . 1 

MG/L ITEM MG/L 
o.2i VANADIUM<V> 

<0.0001 ZINC< ZN> 
<0.01 BORON<B> 

AMMONIA-N 0.15 
0.003 

~.22 

eo 
1-1--.-1---1---- I ---- 1----1----1----1----1-1 

.'.:Al • • IHC03 ANALYST• 
. . • I 

• • I NIXON AND ALLEN 
• • IS04 

• • I 
• • I CHECKED BV• 

~K: * • ICL 
1-1----1----1----1----1~---1----1----:----1-1 

------------------LAB.NO:M25-4713 -89-
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Figure 2.7-2 
' GROUND WATER ANALYSIS REPORT-IN SITU MINING-URANIUM 

f ANY• URANIUM RESOURCES. INC. REPORT DATE: SEPTEMBER 21, 1987 
.'-TIFICATION1 OCR SHAFT (G~11t.J~ S/~l::JF-T') 

6-29-87 
LABORATORY• JORDAN LABORATORIES, INC. 

~AjOR AND SECONDARY CONSTITUENTS 

ITEM STORET 

CALCIUM<CA> 00915 
t1AONESIUM<MG> 00925 
SODIUM<NA> · 00929 
POTASSIUM<K> 00937 

llONATEI C03l 00445 
RBONATE<HC03)00440 

. ATE< S04 > 00945 
CHLORIDE CCL> 00940 
NITRATE<N03-N> 71851 
FLUORIDE<F> . 00951 
SILICACSI02> 00955 

TOTAL ION 

TLISC 180 C> . 70300 
TOT ION-0.5 HC03= 
EC<25 C> 00095 
ECCDIL>~ 98.2 X 16.7 • 

AS CAC03 00410 

t1G/L 

9.4. 
5.8 

301 
5.7 

TOTAL_CATION 

34 
185 
468 

10 
1.4 
0.25 

<1 

TOTAL ANION 
1021 

993 
928 

1440 UMHOS 
1640 UMHOS 
208 

9.19 

MINOR AND TRACE CONSTITUENTS 

ITEM t1G/L ITEM 
ARSENIC<AS> <0.001 t1ANGANESE<MN> 
BARIUM<BA> t1ERCURY<HG> 
CADMIUM<CD> 0.0024 MOLY.<MO> 
CHROM.<CR> NICKEL<NI> 
COPPER CCU> SELENIUM< SE> 
IRON< FE> 10 SILVER<AG> 
LEAD<PB> o.~eo URANIUM<U> 

%CATIONS XANIONS 
eo 60 40 20 0 20 40 60 

EPM 

0.47 
0.48 

-13.09 
0.15 

14.19 

1.13 
3.03 
9.74 
0.28 

TOTAL 

14.18 

CONDUCTANCE 

24.44 
22.37 

640.10 
10.80 

95.60 
132.11 
719.79 

21.25 

1666.45 

Y.EPM 

3.31 
3.38 

92.25 
1.06 

7.97 
2-1. 37 
68.69 

1.97 

ACCURACY CHECK 
RANGE 

ION 1.001 <.96 TO 1.04> 
TDS 1.070 <.90 TO 1.10> 
EC 0.984 <.95 TO 1.05> 

RADIATION-PICOCURIES/LITER 
THORIUM 230 
LEAD 210 
RADIUM 226 

8.5 +/- 1.5 
5.6 +/- 3.2 
1.0 +/- 0.1 

t1G/L ITEM MOIL 
0.19 YANADIUM<V> 

<0.0001 ZINC<ZN> 
(0.01 BORON<B> 

AMMONIA-N 0.28 
<0.001 

0.003 

eo 
:-1----1----1----1----1----1----:----1----1-1 

CAI 
. I 

+Kl 

• 
• 

... * 
• 
• ... 

• .... 

IHC03 
• I 

• I ... 1$04 
• I 

I 
ICL 

1-1----1--- : ---- I·----1----1----1----1---- t - I 
-88-

ANALYST• 

NIXON AN~ ALLEN 

------------------
CHECl<ED BY: 



'OLD CHURCHROCK WATER QUALITY VS. PROJECTED LEACH SOLUTION 
SAMPLES OBTAINED SEPTEMBER 1993 FROM CONVENTIONAL MINE WORKINGS 

SAMPLE MAIN GRAVEL VH1 VH2 TETON CR SLOW 
DATE SHAFT SHAFT SHAFT SHAFT PILOT CORE 
------------ ------------------------------------------------------------------ ------------------------------------------------------
CALCIUM 44 4.3 45 44 9.4 28 
MAGNESIUM 17 11 17 17 2.70 4.5 
SODIUM 405 367 395 404 300 515 
POTASSIUM 4.8 4.9 4.9 4.8 3.80 5.1 
CARBONATE 0 44 0 0 73 12 
BICARB 492 298 494 492 798 612 
SULFATE 625 526 622 622 43 8 
CHLORIDE 13 12 13 14 26.0 505 
NITRATE 0.76 0.02 0.10 0.06 0.30 0.14 
FLUORIDE 0.93 0.42 0.89 0.93 0.37 0.55 
SILICA 10 1 8 9 60 

S(180) 1,300 1,070. 1,290 1,320 976 1520 
C(25C) 2,000 1,730 1,990 1,990 1281 2510 

ALK 403 318 405 403 522 
PH 8.23 9.17 8.21 8.23 8.90 8.47 
ARSENIC 0.001 <0.001 <.001 <.001 0.830 0.295 
BARIUM 0.01 <.01 <.01 <.01 0.44 0.51 
CADMIUM <.0001 <.0001 <.0001 <.0001 <.01 <.0001 
CH ROM. <.01 <.Ot <.01 <.01 <.05 <.01. 
C.OPPER <.01 <.01 ·<.01 <.01 <.05 <.01 
IRON 0.01 0.01-· <.01 0.01 6.50 0.01 
LEAD <.001 <.001 <.001 <.001 <.05 <.001 

-NGAN ESE 0.16 0.02 0.18 0.18 0.10 <.01 
RCURY <.0001 <.0001 <.0001 <.0001 <.001 <.0001 

MOLY. 0.01 0.01 0.01 0.01 <.05 0.02 
NICKEL <.01 <.01 <.01 <.01 <.05 0.01 
SELENIUM 0.001 <.001 <.001 0.001 4.150 0.001 
SILVER <.01 <.01 <.01. <.01 <.01 
URANIUM 3.07 0.041 3.550 3.41 84.000 19.2 
VANADIUM <.01 <.01 <.01 <.01 0.24 3.3 
ZINC 0.01 <.01 0.01 0.03 0.09 0.03 
BORON 0.4 0.24 0.39 0.38 0.20 0.16 
AMMONIA 0.03 0.13 0.10 0.06 <.1 0.14 
RA226 55 7.4 47.0 44 132.9 1010 

EXPLANATION 
MAIN - SECTION 17 OR OLD CHURCHROCK MINE MAIN SHAFT 

GRAVEL - SECTION 17 OR OLD CHURCHROCK MINE GRAVEL SHAFT 
VH1 - SECTION 17 OR OLD CHURCHROCK MINE VENT HOLE #1 
VH2 - SECTION 17 OR OLD CHURCHROCK MINE VENT HOLE #2 
"'** - ALL UNITS ARE P.P.M. EXCEPT:· EC mMHO; pH S.U.; RA 226 pCi/L 



·~:f" • " ... ~. :.•.!. j •. • _.;_ , .,.. • • . ' : 2 .•. 
.. 

... .1"1 

• Attachment 5 
Mobil Radioactive Materials License by the State of New Mexico 

'' :: 

• 

89 



·. 
. A e 

P1ge 1 of '.-% page(s) 

STATE OF N.EW MEXICO 

ENVIRONMENTAL IMPROVEMENT DIVISION 
RADIOACTIVE MATERIAL LICENSE 

Pursuant to the New Mexico Radiation Protection Act of 1971, and the Radiation Protection Regulations Part 3, and in reliance on 
statements and representations heretofore made by the licensee designated below, a license is hereby issued authorizing such 
licensee to transfer, receive, possess and use the radioactive material(s) designated below: and to use such radioactive materials 
for the purpose(s) and at the place(s) designated below. This license is subject to all applicable rules, regulations. and orders now 
or hereafter in effect, of the New Mexico HEO Environmental Improvement Division and to any conditions specified below. · 

1. LICENSEE NAME 3. LICENSE NUMBER 

Mobil Oil Corporation 
lllM-Mn~ "!\-1TT ..nn 

2a. ADDRESS . 4. EXPIRATION DATE 

Uranium/Minerals Division 

• 
P.O. Box 5444 _March 31. 12BB 
enver, Colorado 80217 5. PREVIOUS/OTHER LICENSE NUMBER 

NM-MOB-UL and NM-MOB2-UL 
2b. TELEPHONE NO. 2c. ACTUAL LOCATION OF OPERATION 

(303) 572-2585 South Trend Development Area, McKinley County, New Mexico (See 9B) 
6. RADIOACTIVE MATERIALS 7. CHEMICAL or PHYSICAL F'O.RM 8. MAXIMUM QUANTITY Licensee may Possess 

(lltment and mass number! at Anv Ont Timt 

All natural radioisotopes ·Any required in the pro- 1,000,000 lbs. of yellowcake 
encountered in.the in-situ duction of u3o8• or yellowcake slurry~ 
solution mining of natural. 
uranium. .. 

CONDITIONS 

•

UTHORIZED USE !Unless otherwise soecifild, the .,thorizecl place of 1111 is tht location sutecl in lttm 2c. lbovel 

Uranium recovery by in-situ solution extraction at the South Trend Development Area 
(SIDA) commercial project site is authorized in accordance with the procedures, state
ments and representations described in the licensee's application dated November 7, 
1980, with major amendment dated October 22, 1981 and all supporting documents, .re
sponses, and correspondence related to the application to include the procedures 
•pecified in separate.documents submitted by Mobil and entitled, Uranium Ore Con
centrate/Low Specific Activity Material Shipping and Transportation Guide dated 
April 1982 and Radiation Protection Manual for South Trend Development Area dated 
November 1981. 

B. The authorized place of uae is at the licensee's project •ite located at Section 16, 
~ Section 15, ~ Section 9, ~ Section 8, Tl7N, Rl3W, NMPM in McKinley County, 
New Mexico. The site ia approximately 3.5 miles northwest cf the town of Crownpoint, 
New Mexico. The site office address is Mobil Oil Corporation, Post Office Box 
Drawer F, Crownpoint, New Mexico 87313. 

10. The licensee is hereby exempt from the requirements of 4-200.E.2 of the Radiation 
Protection Regulations provided all entrances to the site are conspicuously posted 
with the words "any area within this facility may contain radioactive material" . 

.1.1. The project facilities shall be restricted by enclosing the processing area and 
the atorage operating/evaporation pond(s) with fencing. The well field will be 
enclosed with a fence auitable to prevent intrusion of •heep, cattle and horses. 

EID 017 Revlsea i110 
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STATE Of NEW MEXJCO 

ENVIRONMENTAL IMPROVEMENT DIVISION 

RADIOACTIVE MATERIAL LICENSE .... 

Pave _L of _l_ pages 

Ucense Number NM-MOB3-Ul..-OO 

12. Specified locations inside the restricted.area shall be identified and posted for 
atorage of yellowcake or yellowcake 1lurry. 

13. The licensee shall perform the radiological monitoring program specified in the 
Environmental Report to include procedures reflected in supporting documents and 
correspondence. Mobil shall analyze, document and report the possible effects 
of the operation on the environment to assure compliance with applicable standards 
and early identification of undesirable trends. The radiation safety measures 
specified in the Radiation Protection Manual for STDA shall be implemented. 

~Shipments of yellowcake or yellowcake slurry and accident/incident response shall 
be in accordance with procedures contained in Mobil's Uranium Ore Concentrate/Low 
Specific Activity Material Shipping and Transportation Incident Response Guide 
dated April 1982. 

15. The licensee shall provide annual reports to EID on decommissioning and restoration 
activities to include procedures for removing and ultima.tely disposing of contaminate 
material from the site and provide assurance that proper radioactive material disposal 
has been completed. 

16. All operations that may affect groundwater including. decommissioning and reclamation 
shall be conducted in accordance with the approved Groundwater Discharge Plan (DP-151). 
Aquifers shall be restored, at the completion of each operational area leaching phase, 
with groundwater quality consistent with New Mexico Water Quality Control Commission 

~(NMWQCC) standards and as provided in the approved Groundwater Discharge Plan. 

~The Director of the Environmental Improvement Division or his authorized representa
tives shall be authorized access to the premises to inspect radiation sources, to 
include all facilities/areas wherein such radioactive sources or materials are used 
or stored. 

18. The Division shall be notified within 48 hours of detection of any vertical or 
horizontal excursions involving leach field operations. 

19. The licensee •hall not uae any lixivant other than 11.odium carbonate or 11odium bicar
bonate and shall not use any oxidant other than oxygen gas without EID approval by 
license amendment. 

20. During the leaching operations, well-head. injection pressures shall be monitored and 
•hall not exceed the pressures to which individual wells and associated piping 
networks have been previously pres11ure tested. · 

For th• New Mexico HEO EnvironmentJI Improvement Division 

Cate -----------

llD 017A ,_wiua 1110 
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21. The licensee shall implement a groundwater restoration program on mined out well 
field areas to include restoration of well field land areas within 30 days or 
aooner following cessation of mining in each operational area of development. 

22. All operations shall be conducted in accordance with Parts 4, and 10 of the New 
Mexico Radiation Protection Regulations." 

23. Mobil personnel shall notify the IUldiation Protection Bureau within 48 hours by 
telephone of any pipeline failures, operating/evaporation ponds or any other fluid 
or material conduit or storage processing facility failure that results in a release 

•

of radioactive material to unrestricted 'or restricted ar.ea. Additional written ' 
notification shall be provided within seven days detailing conditions leading to 
the failure, corrective actions taken, and measures undertaken to prevent reoccurrence. 

24. The licensee shall provide a 24-hour security force to ensure adequate security of 
the restricted areas including the yellowcake/slurry stock pile, operating/evaporation 
pond(s), processing facili~y and associated well fields. 

25. The licensee shall determine that employees leaving the work site are not contaminated 
with radioactive material. When an employee has showered and changed clothes p~ior 
to leavin~ wor~~ the employee may be assumed to be free of .external contamination. 

26. Surety arrangements pursuant to 3-315 NMRPR involving costs for reclamation activities 
(decommissioning, decontamination and restoration) shall be amended and be provided 
to EID for review to determine adequacy prior to coDDDencing leaching in operational 

~•rea 2 through 10. 

2~The licensee shall provide EID 45 days advance notice prior to bringing the yellowcake 
drying unit on line and before commencing leaching in operational areas 2 through 10. 

28. The applicant shall notify the Division in writing of any proposed changes in 
well field monitoring, leach circuit, equipment and engineering methods, major 
operational procedures and ataff members responsible for key operational, radio
logical and environmental protective measures.· 

01te 

llD 017.A "ewlMCt 1110 

For th.e New Mexico HEO Environmental Improvement Division 

Gerald w. St art, Health Program Manager 
RADIATION PROTECTION BUREAU 
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5858 South Staples 
SUit• 250, LB 8 

Carpus Christi, Texas 78411 
Telephaue: (512) 993-m1 

Fax: (512) 993-5744 

June 18, 1996 

Mr. Mike Layton 

HR/, INC. 
(A Subsldilry of Uranium Resources, Inc.) 

12750 Merit Ortve 
Suite 1020, LB 12 

O.llu, Texas 75251 
Telephoue: (214) 387-7777 

Fax: (21"4) 387-m9 

High-Level Waste & Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
11545 Rockville Pike 
Mail Stop TWFN 11-9 
Washington, D.C. 20555 

RE: Crownpoint Project 

Dear Mr. Layton: 

P.O.Baxrn 
Crownpolnt, New Mexico 87313 

Telephone: (505) 786-5845 
Fax: (505) 78&-5555 

. . 
Please find enclosed water quality information which we have found for the Unit 1 property. 

We believe the results of this information supports the finding in Response #52 to the NRC 
. questions dated February 9, 1996 . 

Pl~ feel free to contact me with any questions pertaining to this material. 

Mark S. Pe. 
Vice President 
Health, Safety and Environmental Affairs 

MSP/dlg 
Encl. 
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• 

PARAMETER 

HRI UNIT 1 
OPERA TING AREA #1 

·WATER QUALITY SUMMARY 

PRODUCTION AREA WEUS 

MAXIMUM MINIMUM AVERAGE STD. DEV. 

•••aa•s•••=•~======• •-====nzm:::c::::m:a:a:zmazm=8•==========•====•============: 
CALCIUM (mg/I) 13.0 1.2 3:5 1.8 

MAGNESIUM (mg/I) 0.33 0.00 0.08 0.04 

SODIUM (mg/I) 1100 91 122 96 

POTASSIUM (mg/I) 12.0 0.8 2.2 1.2 

CARBONATE (mg/I) 120 0 14 12 

BICARBONATE (mg/I) 220 89 200 13 

SULFATE (mg/I) 44 20 33 5 

CHLORIDE (mg/I) 34 <3 5 5 

NITRATE (mg/I) 1.80 <.05 0.06 0.17 

FLUORIDE (mg/I) 0.4 <.5 0.1 0.1 

SILICA (mg/I) 22 11 19 1 

TDS (mg/I) 386 240 286 21 

CONDUCTIVITY (mMho) 460 370 .415 16 

PH (su) 9.1 8.3 8.7 0.1 

ARSENIC (mg/I) <.005 <.005 <.005 0.000 

BARIUM (mg/I) 0.3 <.2 <.2 0.0 

CADMIUM (mg/I) <.005 <.005 <.005 0.000 

CHROMIUM (mg/I) <.005 0.000 

COPPER (mg/I) 0.200 <.005 0.009 0.022 

IRON (mg/I) 0.38 <.01 0.03 0.05 

LEAD (mg/I) 0.053 <.005 0.003 0.006 

MANGANESE(mg/I) 0.020 <.005 0.004 0.004 

MERCURY(mg/I) <.0001 <.0001 <.0001 0.000 

MOLYBDENUM (mg/I) 0.016 <.005 0.005 0.003 

NICKEL (mg/I) <.02 <.02 <.02 0.00 

SELENIUM (mg/I) 0.006 <.005 <.005 0.001 

SILVER (mg/I) 0.000 <.005 <.005 0.000 

URANIUM (mg/I) 0.100 <.001 0.005 0.012 

ZINC (mg/I) 0.046 . <.005 0.004 0.006 

BORON(mgll) 0.5 <.1 0.1 0.1 

RADIUM 226 (pCi/I) 200.0 0.0 18.1 22.2 

GROSS ALPHA (pCi/I) 610 74 107 

GROSS BETA (pCill) 510 ·4 69 79 

RADON (pCi/I) 1100000 4100 1406n 194734 



• 

• 

PARAMETER 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY SUMMARY 

MINE AREA WELLS 

MAXIMUM MINIMUM AVERAGE STD.DEV. 

•••••=•=•••===s===•a• •••Bma=====:•az=•==z=••:••=a=======:======================•: 
CALCIUM (mgll) 18.0 1.1 . 4.0 3.3 

MAGNESIUM (mg/I) 9.20 0.00 0.21 0.69 

SODIUM (mg/I) 170 82 104 10 

POTASSIUM (mgl1) 5.5 0.7 1.7 0.8 

CARBONATE (mgl1) 43 0 10 5 

BICARBONATE (mgl1) 270 180 212 8 

SULFATE (mg/I) 220 21 38 20 

. CHLORIDE (mgl1) 41 <3 6 10 

NITRATE (mg/I) 0.07 <.05 0.00 0.01 

FLUORIDE (mgn) 0.3 <.5 0.1 0.1 

SILICA (mg/I) 23 12 18 1 

TDS (mg/I) 590 0 284 42 

CONDUCTIVITY (mMho) 820 0 390 46 

PH (su) 9.1 7.5 . 8.8 0.1 

ARSENIC (mg/I) <.005 <.005 <.005 0.000 

BARIUM (mg/I) 0.4 <.2 <.2 0.0 

CADMIUM (mg/I) <.005 <.005 <.005 <.005 

CHROMIUM (mgl1) 0.008 <.005 0.001 0.002 

COPPER (mg/I) 0.980 <.005 0.072 0.209 

IRON (mg/I) 1.00 <.01 0.05 0.11 
LEAD (mg/I) 0.170 <.005 0.016 0.038 

MANGANESE (mg/I) 0.034 <.005 0.003 0.004 

MERCURY (mgn) <.0001 <.0001 <.0001 0.0000 

MOLYBDENUM (mgl1) 0.012 <.005 0.002 0.003 

NICKEL (mgn) 0.02 <.02 <.02 0.00 

SELENIUM (mg/I) <.005 <.005 <.005 0.000 

SILVER (mg/I) <.005 . <.005 <.005 0.000 

URANIUM (mgll) 0.004 <.001 <.001 0.000 

ZINC (mgll) 0.800 <.005 0.042 0.104 

BORON(mgll) 0.2 <.1 0.1 0.0 

RADIUM 226 (pCill) 33.0 0.0 2.5 5.4 

GROSS ALPHA (pCi/I) 110 0 10 17 

GROSS BETA (pCill) 210 0 17 37 

RADON (pCill) 320000 22 22n1 45261 



• 

• 

PARAMETER 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY SUMMARY 

DAKOTA FORMATION 

MAXIMUM MINIMUM AVERAGE STD. DEV. 

•---•==•••••••••••-- •••••••••zm:=••=•====•m=--••====•=m:s:m======••••z======•--= 
CALCIUM (mg/I) 18.0 18.0 17.0 0.5 

MAGNESIUM (mg/I) 9.20 7.50 8.53 0.57 

SODIUM (mg/I) 170 150 163 3 

POTASSIUM (mg/I) 3.6 2.9 3.3 0.2 

CARBONATE (mg/I) 0 0 0 ·o 
BICARBONATE (mg/I) 270 250 263 8 

SULFATE (mg/I) 220 187 209 6 

CHLORIDE (mg/I) 6 <3 4 2 

NITRATE (mg/I) 0.07 <.05 0.02 0.02 

FLUORIDE (mg/I) 0.2 <.5 0.1 0.1 

SILICA (mg/I) 21 15 18 2 

TDS (mg/I) 590 536 554 16 

CONOUCTMTY (mMho) 820 740 786 21 

PH (su) 7.7 7.5 7.6 0.1 

ARSENIC (mg/I) <.005 <.005 <.005 0.000 

BARIUM (mg/I) 0.4 <.2 0.1 -0.1 

CADMIUM (mg/I) <.005 <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) 0.005 <.005 0.001 0.001 

IRON (mg/I) 0.02 <.01 0.01 0.01 

LEAD(mg/I) <.005 <.005 <.005 0.000 

MANGANESE (mg/I) 0.034 0.030 0.032 0.000 

MERCURY (mg/I) <.0001 <.0001 <.0001 0.0000 

MOL YBOENUM (mg/I) 0.008 <.005 0.002 0.002 

NICKEL (mg/I) <.02 <.02 <.02 0.00 

SELENIUM (mg/I) <.005 <.005 <.005 0.000 

SILVER (mg/I) <.005 <.005 <.005 0.000 

URANIUM (mg/I) 0.003 <.001 0.001 0.001 

ZINC (mg/I) 0.010 <.005 0.004 0.001 

BORON (mgn) 0.2 <.1 <.1 0.1 

RADIUM 226 (pCill) 2.0 0.0 1.3 o.a 
GROSS ALPHA (pCil1) 5 0 2 2 

GROSS BETA (pCl/I) 10 3 6 2 

RADON (pCill) 4400 22 1175 1145 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15L37 

SAMPLE#1 SAM~LE#2 SAMPLE 1&2 

PARAMETE~ 5-25-82 8-3-82. AVERAGf 

==================== =========== ===;:::======= =====~===== =========== 
CALCIUM (mg/I) 1.8 1.8 1.8 

MAGNESIUM (mg/I) <.05 >.05 >.05 

SODIUM (mg/1) 110 140 125 

POTASSIUM (mg/I) 2.2 12.0 7.1 

CARBONATE (mg/I) 19 120 70 

BICARBONATE (mg/I) 210 89 150 

SULFATE (mg/I) 44 25 35 

CHLORIDE (mg/I) 4 <3 2 

NITRATE (mg/I) <0.05 <0.05 <0.05 

FLUORIDE. (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 11 19 15 

TDS(mg/I) 288 386 337 

CONDUCTIVITY (mMho) 445 455 450 

PH(su) 8.9 8.8 8.9 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

. CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) 0.1114 <.005 0.007 

IRON (mg/I) 0.03 0.01 0.02 

' ~ 
LEAD (mg/I) <.005 0.012 0.006 

MANGANESE (mg/I) <:005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 <.005 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.005 <.001 0.003 

ZINC (mg/I) <.005 0.019 0.010 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/J) 5 8 6.5 

GROSS ALPHA (pCi/J) 70 25 48 

GROSS BETA (pCill) ' 75 71 73 
RADON (pCill) 180000 140000 160000 

Souroe: 

Mobil 011 Corporation 

Southtr•nd Development Area 

Operating Area 11 

Bnellne Water Quality Sampilng Data 



:; HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15L50 

SAMPLE#1 SAMPLE#2 SAMPLE 1~ 

PAR~ETER S,.2-82 7-28-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/l) q 2.0 1.6 

MAGNESIUM (mg/I) 0.05 0.13 0.09 

SODIUM (mg/l) 100 100 100 

POTASSIUM (mg/I) 1.4 1.4 1.4 

CARBONATE (mg/I) 14 14 14 

BICARBONATE (mg/I) 190 ·200 195 

SULFATE (mg/I) 30 41· 36 
CHLORIDE (mg/I) <3 <3 <3 

NITRATE (mg/I) 0.16 0.05 0.11 

FLUORIDE (mg/I) <.5 <.3 <.5 

SILICA (mg/I) 20 19 20 

TDS(mg/I) .290 326 308 

CONDUCTIVITY (mMho) 425 415 420 

PH(su) 8.4 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 0.110 0.055 

IRON (mg/I) 0.01 0.38 0.20 

LEAD(mg/I) <.005 0.021 0.011 

MANGANESE (mg/I) 0.008 0.008 0.008 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/l) <.005 0.013 0.007 

NICKEL (mg/I) <.02 .. <.02 <.02 

SELENIUM (mg/l) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.012 <.001 0.006 

ZINC(mg/I) <.005 0.020 0.010 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 26 0 13 

GROSS ALPHA (pCi/I) 120 5 63 

GROSS BETA (pCi/I) 200 7 104 

RADON (pCi/I) 8700 4100 6400 

Source: 

Mobll OH Corpordon 

Soutl'ltrend Development Area 

Operdng Aru t1 

Buellne Water Quallty Sampling Data 
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HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15L&4 

SAMPLE#1 SAMPLE#'2 SAMPLE 1&2 

PARAMETER 5-25-82 7-26-82 AVERA'/Se. 

=================== =========== =========== =========== ========== 
CALCIUM {mg/1) 2.3 2.1 2.2 

MAGNESIUM {mg/1) <.05 0.06 0.03 

SODIUM (mg/1) 110 110 110 

POTASSIUM (mg/1) 1.4 1.3 1.4 

CARBONATE {mg/1) 14 15 15 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 42 41 42 

CHLORIDE (mg/I) 4 4 4 

• NITRATE (mg/I) <.05. <.05 <.05 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/1) 14 19 17 

TDS (mg/I) 280 286 283 

CONDUCTIVITY (mMho) 435 405 420 

PH(su) 8.8 8.8 8.8 
,I ARSENIC (mg/I)· <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

. CHROMIUM (mg/I) 

COPPER (mg/I) 0:014 0.200 0.107 

IRON(mg/I) 0.02 0.08 0.05 

LEAD (mg/I) <.005 0.005 0.003 
~ l MANGANESE (mg/I) <.005 <.005 <.01 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.006 0.003 

NICKEL (mgn) <.02 <.02 <.02 

SELENIUM (mg/1) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.005 0.002 0.004 

ZINC {mg/1) <.005 <.005 <.005 

BORON {mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCVI) 5 11 8 

GROSS ALPHA (pCVI) 100 66 83 

GROSS BETA (pCVI) 73 70 72 

RADON (pCi/1) . 260000 310000 285000 

Source: 

Mobil 011 Corporation 

Southtrend Development Alea 

,, Operating Area 11 

Baaellne Water ciuallty Sampling Data 



• 

' 
: . • 

PARAME~R 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 15USS 

SAMPLE#1 

6-1-82 

SAMPLE #2 SAMPLE 1&2 

. 8-3-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 1.7 2.5 2.1 

MAGNESIUM (mg/I) 0.07 0.09 0.08 

SODIUM (mg/I) 96 110 103 

POTASSIUM (mg/1) 1.2 1.2 1.2 

CARBONATE (mg/I) 9 6 8 

BICARBONATE (mg/I) 200 220 210 

SULFATE (mg/I) 30 23 27 

CHLORIDE (mg/I) <3 13 7 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/I) 20 19 20 

TDS(mg/I) · 270 306 288 

CONDUCTIVITY (mMho) '430 425 428 

PH(su) 8.6 8.9 8.8 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/1) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 0.01 0.01 

LEAD (mg/I) <.005 <.005 <.01 

MANGANESE (mg/I) <.005 <.005 <.01 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005. <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/1) 0.003 <.001 0.002 

ZINC (mg/I) <.005 0.010 0.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 9 5 

GROSS ALPHA (pCi/I) 2 28 15 

GROSS BETA (pCi/I) 9 23 16 

RADON (pCi/I) 49000 120000 84500 

Source: 

M~I Oii Corporation 

Souttitrend Development Area 

Oper.tlng Aru 11 

Baaellne Water Quality sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WEU15L78 

SAMPLE #1 SAMPLE#2 SAMPLE 1&2 
PARAMETER 5-18-82 7-26-82 AVERAGE 

=================== =========== =========== =========== =========== 
CALCIUM (mg/I) 2.3 2.9 2.6 
MAGNESIUM (mg/I) <.05 0.07 0.04 
SODIUM (mg/I) 105 100 103 
POTASSIUM (mg/I) 2.6 2.0 2.3 
CARBONATE (mg/I) 14 10 12 
BICARBONATE (mg/I) 200 210 205 
SULFATE (r'ng/I) 24 36 30 
CHLORIDE (mg/I) <3 3 2 

• 
NITRATE (mg/1) <.05 <.05 <.05 
FLUORIDE (mg/1) 0.2 < .. 5 0.1 
SILICA (mg/I) 20 19 20 
TDS(mgn) 254 264 259 
CONDUCTIVITY (mMho) 425 410 418 
PH(su) 8.8 8.7 9 
ARSENIC (mg/I) <.005 <.005 <.005 
BARIUM (mg/I) <.2 0.2 0.1 
CADMIUM (mgil) <.005 <.005 <.005 
CHROMIUM (mg/1) 

COPPER (mg/1) <.005 0.020 0.010 
IRON (mg/I) <.01 0.01 0.01 
LEAD (mg/I) <.005 ' 0.006 0.003 
MANGANESE (mg/I) <.005 <.005 <.01 
MERCURY (mg/I) <.0001 <.0001 <.0001 
MOLYBDENUM (mg/I) 0.010 0.008 0.009 
NICKEL (mg/I) <.02 <.02 <.02 
SELENIUM (mg/I) <.005 <.005 <.005 
SILVER (mg/I) <.005 <.005 <.005 
URANIUM (mg/I) 0.001 <.001 0.001 
ZINC (mg/I) <.005 <.005 <.005 
BORON (mg/I) 0.1 0.1 0.1 
RADIUM 226 (pCi/I) 3 3 3 
GROSS ALPHA (pCi/I) 12 6 9 

GROSS BETA (pCi/I) 9. 5 7 

RADON (pCi/I) 8700 15000 11850 

Soun:e: 

Mobil 011 Corpor.tlon 

Sou1htrend Development Aru 

. Operlltlng Aru t1 

BaHllne Watar Quallty Sampling Data 



,. ' 
HRI UNIT 1 

OPERA TING AREA #1 
WATER QUALITY REPORT 

WEU15L79 

; 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

,. PARAMETER 6-7-82 7-26-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM {mg/I) 2.3 1.7 2.0 

I MAGNESIUM (mg/I) <.05 0.06 0.03 

SODIUM (mg/I) 110 120 115 

POTASSIUM (mg/I) 0.9 0.8 0.9 

CARBONATE {mg/lj 19 25 22 

,. BICARBONATE (mg/I) 210 210 210 

SULFATE {mg/I) 39 43 41 

CHLORIDE (mg/I) 4 6 5 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/l) 0.3 <.5 0.2 

SILICA {mg/I) 20 19 20 

TDS(mg/I) 320 316 318 

CONDUCTIVITY (mMho) 435 -450 443 

PH(su) 8.7 8.8 8.8 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM {mg/I) <.2 <.2 <.2 

CADMIUM {mg/I) <.005 <.005 <.005 

' 
CHROMIUM (mg/I) 

" COPPER (mg/I) _<.005 0.010 0.005 

•' IRON (mg/I) 0.04 - 0.10 0.07 

LEAD {mg/I) <.005 0.015 0.008 
:• MANGANESE {mg/I) <.005 <.005 <.01 

• MERCURY (mg/l) <.0001 <.0001 <.0001 

MOLYBDENUM {mg/I) <.005 0.006 0.003 

NICKEL {mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <:005 <.005 

SILVER {mg/I) <.005 <.005 <.005 

URANIUM {mg/I) <.001 <.001 <.001 

ZINC {mg/I) -'---,~- . <.005 <.005 <.005 

BORON {mg/I) ·0.1 0.1 0.1 

RADIUM 226 (pCill) 2 2 2 

GROSS ALPHA (pCi/I) 3 3 3 
GROSS BETA (pCi/I) 4 4 4 
RADON (pCi/I) 14000 8400 11200 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Area t1 

Buellne Water Quailty Sampling Da~ 



HRI UNIT 1 . 
OPERA TING AREA #1 

WATER QUALITY REPORT 

r WEU15M21 
I,. 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 
' PARAMETER 5-18-82 7~21-82 AVERAGE 

================== =========== =========== ===========· =========== . 
CALCIUM (mg/I) 4.4 3.9 4.2 
MAGNESIUM (mg/I) 0.12 0.09 0.11 
SODIUM (mg/1) 100 100 100 
POTASSIUM (mg/I) 1.9 1.5 1.7 
CARBONATE (mg/I) 10 .7 9 
BICARBONATE (mg/I) 200 210 205 
SULFATE (mg/I) 20 34 27 
CHLORIDE (mg/I) . 12 5 9 
NITRATE (mg/I) <.05 <.05 <.05 
FLUORIDE (mg/I) 0.2 <.5 0.1 
SILICA (mg/I) 19 18 19 
TDS(mg/I) 256 290 273 
CONDUCTIVITY (mMho) 430 400 415 
PH (SU) 8.4 8.8 8.6 
ARSENIC (mg/I) -<.005 <.005 <.005 

.1 
BARIUM (mg/I) <.2. 0.3 0.2 
CADMIUM (mg/I) <.005 <.005 <.005 
CHROMIUM (mg/I) 

;· 
COPPER (mg/I) <.005 <.005 <.005 

' IRON (mg/I) 0.02 <.Ot 0.01 
LEAD (mg/I) <.005 <.005 <.01 !' 
MANGANESE (mg/I) 0.010 <.005 0.005 

• MERCURY (mg/I) <.0001 <.0001 <.0001 
MOLYBDENUM (mg/I) . 0.010. 0.010 0.010 
NICKEL (mg/I) <.02 <.02 <.02 
SELENIUM (mg/I) <.005 <.005 <.005 
SILVER (mg/I) <.005. <.005 <.005 
URANIUM (mg/I) <.001 <.001 <.001 
ZINC(mgll) <.005 <.005 <.005 
BORON (mg/I) 0.2 0.1 0.15 
RADIUM 226 (pCill) 2 2 2 
GROSS ALPHA (pCill) 6 2 4 
GROSS BETA (pCill) 6 7 7 
RADON (pCill) 5400 5700 5550 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operdng Area 11 

Baaellne Water Quality sampllng Datll 



• 

• 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WEU15M35 

SAMPLE #1 SAMPLE tf2 SAMPLE 1&2 

PARAMETER S..11-82 7-21-82 AVERAGE 

==================== =========== =========== =========== =========== 
· CALCIUM (mg/I) 3.5 3.4 3.5 

MAGNESIUM (mg/I) 0.10 0.09 0.10 

SODIUM (mg/I) 97 97 97 

POTASSIUM (mg/1) 1.7 1.5 1.6 

CARBONATE (mg/1) 10 5 8 

BICARBONATE (mg/I) 200 210 205 

SULFATE(mg/1) 33 31 32 

CHLORIDE (mg/1) <3 3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 21 18 20 

TDS (mg/I) 304 240 272 

CONDUCTIVITY (mMho) 405 385 395 

PH (SU) 8.4 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 0.2 0.1 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/1) <.01 <.01 <.01 

!-EAD (mg/1) <.005 <.005 <.01 

MANGANESE (mg/I). 0.009 <.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.014 0.006 0.010 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/1) <.005 <.005 <.005 

SILVER (mg/1) <.005 <.005 <.005 

URANIUM (mg/I) 0.002 <.001 0.001 

ZINC (mg/1) <.005 <.005 <.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 2 2 2 

GROSS ALPHA (pCi/I) 9 9 9 

GROSS BETA (pCi/I) 10 8 9 

RADON (pCi/I) 23000 10000 16500 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Alea 11 

Baseline Water Quallty Sampling Data 

, 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15M49 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 
, 

PARAMETER 5-11-82 7-20-82 AvERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 6.9 4.2 5.6 

MAGNESIUM (mg/I) 0.08 0.06 O.o7 

SODIUM (mg/1) 100 96 98 

POTASSIUM (mg/1) 2.5 1.7 2.1 

CARBONATE (mg/I) 14 5 10 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 28 32 30 

CHLORIDE (mg/I) 5 4 5 

NITRATE (mgn) 0.20 0.12 0.16 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 21 19 20 

TDS(mg/I) 308. 259 284 

CONDUCTIVllY (mMho) 408 380 394 

PH (SU) 8.4 8.8 8.6 

ARSENIC (mg/I) <.005 <.005 <.005' 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) ~.005 <.005 <.005. 

CH.ROMIUM (mg/I) 

COPPER (mg/1) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01. <.01 

LEAD(mg/I) <.005 0.005 . 0.003 

MANGANESE (mg/1) 0.008 <.005 0.004 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.009 <.005 0.005 
,, 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/1) ,c,005 <.005 <.005 

' . SILVER (mg/I) ., <.005 <.005 <.005 

URANIUM (mg/I) 0.012 0.010 0.011 

ZINC (mg/I) <.005 0.005 0.003 

BORON (mg/I) <.1 <.1 <.1 

RADIUM 226 (pCill) 26 35 30.5 

GROSS ALPHA (pCi/I) 78 67 73 

GROSS BETA (pCi/I) 97 69 83 

RADON (pCi/I) 200000 94000 147000 
•' ,, 

Source: 

Mobil 011 Corporation 

Southtrend Development Ar .. 

Oper.tlng Area 11 

Buellne Water Qu•llty Sampling Data 



- HRI UNIT 1 .. 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 15Me 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 5-113-82 7-26-82 AVERAGE 

================== ========== =========== =========== =========== 
CALCIUM (mg/I) 2.4 3.0 2.7 

MAGNESIUM (mg/I) 0.08 0.09 0.09 

SODIUM (mg/I) 100 100 100 

POTASSIUM (mg/I) 1.5 1.2 1.4 

CARBONATE (mg/I) 10 10 10 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 25 27 26 
CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) 0.06 <.05 0.03 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 18 18 . 18 

TDS (mg/I) 250 298 274 

CONDUCTIVITY (mMho) 420 395 408 

PH (SU) 8.6 9.0 8.8 

ARSENIC (mg/I) . <.005 ~.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) . <.005 0.010 0.005 

IRON (mg/I) 0.01 0.09 0.05 

LEAD (mg/I) <.005 <.005 <.005 

• 
MANGANESE (mg/I) 0.005 <.005 0.003 ........ 
MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) . 0.007 0.005 0.006 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.031 0.100 0.066 

ZINC (mg/I) <.005 0.005 0.003 

BORON (mg/I) <.1 0.1 0.05 

.j RADIUM 226 (pCill) 3 5 4 

GROSS ALPHA (pCill) 210 51 131 

GROSS BETA (pCill) 89 28 59 

RADON (pCill) 35000 5400 20200 

Source: 

MotlU 011 Corporation 

Southtrend Development Ar• 

Operating Ar .. t1 

Baaeline Water Quality Sampling Data 



• 

PARAMETER 

HRI UNIT·1 · ···' . ··'· ... '., . ·.:·:-:--:.::;.-,. :.·.--::-· .. ·.·', .. 

OPERA TING AREA #1 
WATER QUALITY REPORT 

WEU15M83 

SAMPLE #1 SAMPLE #2 SAMPLE 1&2 

5-11-82 7-20-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 4.1 3.9 4.0 

MAGNESIUM (mg/I) 0.11 0.10 0.11 

SODIUM (mg/I) 100 95 98 

POTASSIUM (mg/I) 1.9 1.4 1.7 

CARBONATE (mg/I) 10 5 8 

BICARBONATE (mgn) 200 210 205 

SULFATE (mg/I) 43 33 38 

CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mgn) 0.2 <.5 0.1 

SILICA (mg/I) 18 19 19 

TDS (mg/I) 301 264 283 

CONDUCTIVITY (mMho) 408 380 394 

PH(su) 8.5 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005. 

BARIUM (mg/I) <.2 0.3 0.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <:005 <.005 

IRON (mg/I) <.01 0.01 0.01 

LEAD (mg/I) <.005 0.005 0.003 

MANGANESE (mg/I) 0.007 <.005 0.004 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) ·0.008 0.004 0.006 

ZINC(mg/I) <.005 <.005 <.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 27 4~ 34.5 

GROSS ALPHA (pCi/I) 100 71 86 

GROSS BETA (pCi/I) 88 42 65 

RADON (pCi/I) 240000 98000 169000 

Source: 

Mobil Oil Corporation 

Southtrend Development Area 

Operating Area 11 

Buellne Water Quallty Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL15M7 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAM~TER 4-14-82 8-17-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 6.5 2.0 4.3 

MAGNESIUM (rng/1) 0.33 0.08 0.21 

SODIUM (mg/I) 110 96 103 

POTASSIUM (mg/1) 5.1 1.1 3.1 

CARBONATE (mg/I) 9 10 10 

BICARBONATE (mg/I)" 180 210 195 

SULFATE(mg/I) 33 36 35 

CHLORIDE (rng/1) 34 <3 17 

• NITRATE (mg/I) 0.05 <.05 0.03 

FLUORIDE (mg/I) 0.4 0.3 0.4 

SILICA (mg/I) 21 17 19 

TDS (mg/I) 340 250 295 

CONDUCTIVITY (mMho) 460 400 430 

PH (su) 8.5 8.8 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) 0.005 . 0.010 0.008 

IRON (mg/I) O.Q1 0.30 0.16 

LEAD (mg/I) <.005 <.005 <.005 

• MANGANESE (mg/I) 0.007 0.010 0.009 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 0.009 0.009 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) 0.006 0.006 0.006. 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.011 0.001 0.006 

ZINC (mg/I) 0.005 0.046 0.026 

BORON (mg/I) 0.1 0.2 0.15 

RADIUM 226 (pC_i/I) 8 3 5.5 

GROSS ALPHA (pCi/I) 16 7 12 

GROSS BET A (pCi/1) 15 15 15 

RADON (pCUl) 186000 6000 96000 

Source: 

Mobll 011 Corporation 

Southtrend Development Aru 

Operating Area 11 

BaMllne Water Quallty Sampllng Data 



,, 

HRI UNIT 1 
OPERA TING AREA #1 

WATER :QUALITY REPORT 

WEU19153 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 6-22-82 7-28-82 AVERAGE 

============.======= =========== ========== ======== =========== 
CALCIUM (mg/I) 2.9 2.9 2.9 

MAGNESIUM (mg/I) <.05 0.07 0.04 

•' SODIUM (mg/I) 100 97 99 

POTASSIUM (mg/I) 2.1 2.0 2.1 

CARBONATE (mg/I) 9 10 1·0 

BICARBONATE (mg/I) 200 200 200 

SULFATE (mg/I) 31 39 35 

CHLORIDE (mg/I) 4 4 4 

NITRATE (mg/I) . <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 0.3 0.3 

SILICA (mg/I) 18 20 19 

TDS(mgll) 262 300 281 

CONDUCTIVITY (mMho) 405 405 405 

·' 
PH(SU) 8.4 8.8 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) · <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.00~ 

e MANGANESE (mg/I) 0.020 0.005 0.013 

MERCURY (mg/I) <~0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.005 0.010 0.008 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/I) 0.1 <.1 Q.05 

RADIUM 226 (pCill) 13 14 13.5 

GROSS ALPHA (pCill) 32 31 32 

GROSS BETA (pCi/I) 49 53 51 

RADON (pCill) 110000 '62000 86000 

Source: 

Mobil OH Corporation 

Southtrend Development Aru 

Operdng Aru 11 

Baelln• Wat.r QU.llty Sampling Data 



' 
' 

PARAMETER· 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL1&15e 

SAMPLE #1 SAMPLE #2 SAMPLE 1 &2 

5-25-82 7-28-82 AVERAGE 

==================== ========= ======== =========== ========== 
CALCIUM (mg/1) 2.3 2.2 2.3 

MAGNESIUM (mg/1) 0.09 0.08 0.09 

SODIUM (mg/1) ,110 100 105 

POTASSIUM (mg/I) 2.1 3,.3 2.7 

CARBONATE (mg/I) 19 33 26 

BICARBONATE (mg/I) 180, 170 175 

SULFATE (mg/I) 40 43 42 

CHLORIDE (mg/I) <3 3 2 

NITRATE (nigll) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.2 0.3 0.3 

SILICA (mg/I) 15 20 . 18 

TDS (mg/I) 276 322 299 

CONDUCTIVITY (mMho) 425 410 418 

PH(su) 9.0 8.8 8.9 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/1) 

COPPER (mg/I) 0.006 <.005 0.003 

IRON (mg/I) 0.02 0.04 0.03 

LEAD (mg/I) <.005 0.007 0.004 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOL VBDENUM (mg/I) <.005 0.009 0.005 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.002 <.001 0.001 

. ZINC (mg/I) 0.008 0.005 0.007 

BORON (mg/I) <.1 <.1 <.1 

RADIUM 226 (pCill) 8 11 9.5 

GROSS ALPHA (pCi/I) 37 34 36 

GROSS BETA (pCill) 37 66 52 

RADON (j:>Cill) 100000 110000 105000 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Area 11 

SU.line Water Quality Sampling Data 



HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 18189 

SAMPLE#1 SAMPLEtf2 SAMPLE 1&2 

PARAMETER .6-22-82 7-28-83 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 2.5 2.6 2.6 

MAGNESIUM (mg/I) <.05 0.09 0.05 

SODIUM (mg/I) 100 94 97 

. POTASSIUM (mg/I) 1.9 1.4 1.7 

CARBONATE (mg/I) 9 10 10 

BICARBONATE (mg/I) 200 200 200 

SULFATE (mg/I) 34 39 37 

CHLORIDE (mg/I) <3 3 2 

• NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 0.3 0.3 

SILICA (mg/I) 18 19 19 

TDS (mg/I) 264 276 270 

CONDUCTIVITY (mMho) 400 395 398 

PH(su) 8.5 8.8 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01 <.01 ' 

LEAD (mg/I) <.005 0.010 0.005 

• 
MANGANESE (mg/I) 0.020 0.007 0.014 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 0.003 0.002 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/I) <.1 <.1 <.1 

RADIUM 226 (pCi/l) 2 1.5 

GROSS ALPHA (pCi/l) 1 5 3 

GROSS BETA (pCi/l) 5 10 8 

RADON (pCi/I) 4400 5000 4700 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Area 11 

Baaellne Wamr Quality Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18170 

SAMPLE#1 SAMPLE#2. SAMPLE 1&2 

PARAMETER 5-25-82 7-28-82 AVERAGE 

================== =========== =========== =========== ========== 
CALCIUM (mg/I) 2.5 2.2 2.4 

MAGNESIUM (mg/I) 0.10 0.08 0.09 

SODIUM (mg/I) 110 110 110 

POTASSIUM (mg/1) 1.9 4.2 3.1 

CARBONATE (mg/I) 9 33 21 

BICARBONATE (mg/I) 200 170 185 

SULFATE (mg/1) 42 39 41 

CHLORIDE (mg/I) 3 3 3 

• NITRATE (mg/I) 1.80 <.05 0.90 

FLUORIDE (mg/I) 0.2 0.3 0.3 

SILICA (mg/I) 17 20 19 

TDS(mg/I) 260 312 286 

CONDUCTIVITY (mMho) 425 415 420 

PH(su) 8.7 8.9 8.8 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/1) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

• MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM {mg/I) <.005 0.009 0.005 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.0.05 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/1) 0.2 <.1 0.1 

RADIUM 226 (pCl/I) 7 9 8 

GROSS ALPHA (pCl/I) 29 24 27 

GROSS BETA(pCill) 57 84 71 

RADON (pCi/I) 200000 110000 155000 

Source: 

Mobil OH Corpor.tlon 

Southtrend Development Area 

Operating Area 11 

Baaellne Water Quallty Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL Hll84 

SAMPLE #1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 5-18-82 7-26-82 AVERAGE 

==================== =========== =========== ========== =========== 
CALCIUM (mg/I) 2.2 2.6 2.4 

MAGNESIUM (mg/I) 0.06 0.07 0.07 

SODIUM (mg/I) 100 100 100 

POTASSIUM (mg/I) 2.9 1.5 2.2 

CARBONATE (mg/I) 19 10 15 

BICARBONATE (mg/I) 190 210 200 

SULFATE (mg/I) 21 35 28 

CHLORIDE (mg/I) <3 <3 <3 

• NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 20 19 20 

TDS (mg/I) 256 298 277 

CONDUCTIVITY (mMho) 425 400 413 

PH (su) 8.8 8.9 8.9 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 0.03 0.02 

LEAD (mg/I) 0.009 <.005 0.005 

• MANGANESE (mg/I) 0.005 0.012 0.009 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 0.005 0.007 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 0.001 0.001 

ZINC (mg/I) 0.010 <.005 0.005 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 10 14 12 

GROSS ALPHA (pCi/I) 32 28 30 

GROSS BETA (pCi/I) 22 12 17 

RADON (pCi/I) 34000 54000 44000 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Area 11 

Basellne Water Quality Sampllng Data 



PARAMETER 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18P1 

SAMPLE #1 SAMPLE #2 SAMPLE 1&2 

6-2-82 7-21-82 AVERAGE 

==================== =========== =========== =========== ========== 
CALCIUM (mg/I) 3.9 4.2 4.1 

MAGNESIUM (mg/I). 0.10 0.09 0.10 

SODIUM (mg/I) 91 100 96 

POTASSIUM (mg/I) 1.8 1.7 1.8 

CARBONATE (mg/I) 9 10 10 

BICARBONATE (mg/I) 190 200 195 

SULFATE (mg/I) 28 34 31 

CHLORIDE (mg/I) 9 5 7 

NITRATE (mg/1) <.05 <.05 <.05. 

FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/1) 21 21 21 

·TDS (mg/I) 260 250 255 

CONDUCTIVITY (mMho) 420 400 410 

PH(su) 8.7 8.9 8.8 

ARSENIC (mg/I) <.005 <.005 <.005' 

BARIUM (mg/1) 

CADMIUM (mg/I) <.005 <.005 <.005 

. CHROMIUM (mg/I) 

COPPER (mg/1) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.006 0.003 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) . <.005 <.005 <.005 

URANIUM (mg/I) 0.003 0.001 0.002 

ZINC (mg/I) 0.005 0.005 0.005 

BORON (mg/1) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 26 30 28 

GROSS ALPHA (pCi/I) 110 73 92 

GROSS BET A (pCill) 140 110 125 

RADON (pCi/I) 360000 . 250000 305000 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Aru t1 

Baellne Water Quality Sampling Data 



HRI UNIT 1 
. OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL19P15 

SAMPLE#1 SAMPLE#'i SAMPLE 1&2 

PARAMETER 5-18-82 7-21-82 AVERAGE 

: ===--=========-====== ========== =========== =========== =========== 
'· 

CALCIUM (mg/I) 3.1 3.6 3.4 

MAGNESIUM (mg/I) 0.11 0.11 0.11 

SODIUM (mg/I) 100 97 99 

POTASSIUM (mg/I) 1.7 1.4 1.6 

CARBONATE (mg/I) 5 5 5 

BICARBONATE (mg/I) 210 210 210 

SULFATE (mg/I) 26 30 28 

CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) 0.06 0.08 0.07 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/I) 19 20 . 20 

TDS (mg/I) 240 250 245 

CONDUCTIVITY (mMho) 420 395 408 

PH(su) 8.4 8.8 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) 0.010 <.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 0.005 0.007 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

~ILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 0.002 0.001 

ZINC (mgll) <.005 0.005 0.003 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCUI) 6 57 31.5 

GROSS ALPHA (pCUI) 180 120 150 

GROSS BETA(pCUI) 160 130 145 

RADON (pCUI) 250000 250000 

Source: 

Mobil Oii Corporation 

Southtrend Development Ar .. 

Operdng Area 11 

Baullne Water Quality Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY. REPORT 

WELL15P29 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 5-11-82 7-21-82 AVERAGE 

=================== =========== =======:;= =========== =========== 
CALCIUM (mg/I) 13.0 7.9 10.5 

MAGNESIUM (mg/I) 0.14 0.11 . 0.13 

SODIUM (mg/I) 100 98 99 

POTASSIUM (mg/I) 2.0 1.7 1.9 

CARBONATE (mg/I) 10 5 8 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 32 32 32 

CHLORIDE (mg/I) 24 12 18 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.2 <.5 <.5 

SILICA (mg/I) 20 19 20 

TDS (mg/I) 335 270 303 

CONDUCTIVITY (mMho) 455 410 433 

PH (su) 8.4 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) 
;. 

<.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) 0.009 <.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

., MOL VBDENUM (mg/I) 0.007 0.005 0.006 

: NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.002 <.001 0.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pClll) 19 15 17 

GROSS ALPHA (pClll) 48 31 40 

GROSS BETA (pCill) 27 27 27 

RADON (pCill) 49000 32000 40500 

Source: 

Mobil 011 Corpor.tlon 

Southtrend Development Area 

Oper.Ung Area 11 

S.Mllne Watar Q1111Hty S.mpllng Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 16P43 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAME;TER 5-11-82 7-20-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 8.3 3.9 6.1 

MAGNESIUM (mg/1) 0.12 0.09 0.11 

SODIUM (mg/1) 99 100 100 

POTASSIUM (mg/1) 1.8 1.4 1.6 

CARBONATE (mg/1) 10 10 10 

BICARBONATE (mg/1) 200 210 205 

SULFATE (mg/1) 30 33 32 

CHLORIDE (mg/1) 10 4 7 

• NITRATE (mg/I) 0.17 <.05 0.09 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/1) 19 19 19 

TDS (mg/I) 316 274 295 

CONDUCTIVITY (mMho) 460 378 419 

PH (su) 8.3 8.9 8.6 

ARSENIC (mg/1) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/1) <.005 <.005 <.005 

CHROMIUM (mg/1) 

COPPER (mg/I) 0.022 - <.005 0.011 

IRON (mg/1) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.Oci5 

• 
MANGANESE (mg/I) . 0.008 0.005 0.007 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/1) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) 0.002 <.001 0.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/1) 0.2 0.1 0.15 

RADIUM 226 (pCi/1) 71 68 69.5 

GROSS ALPHA (pCi/1) 300 230 265 

GROSS BETA (pCi/I) 130 100 115 

RADON (pCi/I) 320000 230000 275000 

Source: 

Mobil 011 Cofpor•tlon 

Southtrend Development Area 

Operating Area 11 

Baseline Water Quality Sampling Data 



• 

•• 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY. REPORT 

WEU19P44 

SAMPLE #1 SAMPLE #12 SAMPLE 1&2 

PARAMETER 6-22-82. 8-25-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 3.5 3.3 3.4 

MAGNESIUM (mg/I) 0.11 0.10 0.11 

SODIUM (mg/I) 1100 100 600 

POTASSIUM (mg/I) 2.8 3.7 3.3 

CARBONATE (mg/I) 9. 15 12 

BICARBONATE (mg/I) 200 220 210 

SULFATE (mg/I) 31 37 34 

CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/I) 19 17 18 

TDS (mg/I) 266 250 258 

CONDUCTIVITY (mMho) 410 410 410 

PH(su) 8.4 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

. CADMIUM (mg/I) ~.005 <.005 <.005 . 

CHROMIUM (mg/I) 

COPPER (mg/I) 0.010 0.022 0.016 

IRON (mg/I) <.01 <.01 <.01 

LEAD(mg/I) <.005 0.021 0.011 

MANGANESE (mg/I) 0.015 0.006 0.011 

MERCURY (mg/I) - <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.009 0.005 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 3 3 3 

GROSS ALPHA (pCi/l) 4 6 5 

GROSS BETA (pCi/I) 10 11 11 

RADON (pCill) 11000 8400 9700 

Source: 

Mobil OH Corpordon 

Southtrend Development Aru 

Operring Area 11 

Baseline Water Quality Sampling Datli 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WEU18P57 

SAMPLE #1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 5-11-82 7-2().;82 AVERAGE 

=================== =========== =========== =========== ========= 
CALCIUM (mg/I) 4.6 4.2 4.4 

MAGNESIUM (mg/I) 0.13 0.11 0.12 

. SODIUM (mg/I) 98 97 98 

POTASSIUM (mg/I) 1.9 1.5 1.7 

CARBONATE (mg/1) 10 10 10 

BICARBONATE (mg/1) 200 210 205 

SULFATE (mg/I) 28 34 31 

CHLORIDE (mg/I) <3 3 2 

• NITRATE (mg/I) 0.14 0.05 0.10 

FLUORIDE (mg/I) 0.2 <.5 0.10 

SILICA (mg/I) 19 20 20 

TDS (mg/I) 302 266 284 

CONDUCTIVITY (mMho) 410 375 393 

PH(su) 8.4 8.8 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I). 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) 0.010 <.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/1) 0.010 0.008 0.009 

ZINC (mg/I) 0.010 <.005 0.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 2 200 101 

GROSS ALPHA (pCi/I) 610 440 525 

GROSS BET A (pCill) 510 300 405 

RADON (pCi/I) 1100000 890000 995000 
ii 

Source: 

Mobll Oil Corporation 

Sou1htrend Development Area 

Oper.ang Area 11 

Baseline W.tar Quallty Sampllng Oat. 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18P!l9 

SAMPLE #1 SAMPLE tr2. SAMPLE 1&2 

PARAMETER 7-6-82 B-25-82 AVERAGE 

-------------------- ----------- ----------- ----------- ------------------------------- ----------- ----------- ----------- -----------
CALCIUM (mg/I) 4.2 4.4 4.3 

MAGNESIUM (mg/I) 0.14 0.16 0.15 

SODIUM (mg/I) 91 95 93 

POTASSIUM (mg/1) 5.5 3.1 4.3 

CARBONATE (mg/1) 14 12 13 

BICARBONATE (mg/1) 210 210 210 

SULFATE (mg/1) 34 44 39 

CHLORIDE (mg/I) 4 2 3 

• NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/1) 22 17 20 

TDS (mg/I) 290 300 295 

CONDUCTIVITY (mMho) 370 395 383 

PH(su) 8.6 8.9 8.8 ~ 

ARSENIC (mg/I) <.005 . <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/1) <.005 <.005 <.005 

CHROMIUM (mg/1) 

COPPER (mg/1) <.005 <.005 <.005 

IRON (mg/1) 0.01 0.14 0.08 

LEAD (mg/1) <.005 0.053 0.027 

• 
MANGANESE (mg/I) 0.007 0.010 0.009 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.016 0.008 

NICKEL (mg/1) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/1) <.001 <.001 <.001 

ZINC (mg/I) 0.005 0.017 0.011 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 14 17 15.5 

GROSS ALPHA (pCi/1) 50 51 51 

GROSS BETA(pCill) 44 52 48 

RADON (pCi/I) 30000 54000 42000 

Source: 

Mobil 011 Corporation 

Southtrend Development Aru 

Oper.tlng Area 11 

Baellne Wat.r Quallty S.mpllng Dam 



HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 18P51 

SAMPLE#1 SAMPLE#'2 SAMPLE 1&2 
.... 

AVERAGE PARAMETER 7-0-82 8-25-82 

==================== =========== =========== ========== =========== 
CALCIUM (mg/I) 4.2 4.4 4.3. 

MAGNESIUM {mg/1) 0.14 0.16 0.15 

SODIUM {mg/I) 91 95 93 

POTASSIUM {mg/1) 5.5 3.1 4.3 

'· CARBONATE {mg/1) 14 . 12 13 

BICARBONATE (mg/I) 210 210 210 

SULFATE {mg/1) 34 44 39 

CHLORIDE (mgn) 4 2 3 

• NITRATE {mg/1) <.05 <.05 <.05 

FLUORIDE (mg/1) 0.3 <.5 0.2 

SILICA {mg/1) 22 17 20 

TDS (mg/I) 290 300 295 

CONDUCTIVITY (mMho) 370 395 383 

PH (SU) 8.6 8.9 8.8 

ARSENIC (mg/1) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/1) <.005 <.005 <.005 

CHROMIUM (mg/1) 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/1) 0.01 0.14 0.08 

LEAD (mg/1) <.005 0:053 0.027 

• 
MANGANESE {mg/I) 0.007 0.010 0.009 

MERCURY (mg/1) <.0001 <.0001 <.0001 

MOLYBDENUM {mg/1) <.005 0.016 0.008 

NICKEL (mg/1) <.02 ~.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM {mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.005 0.017 0.011 

BORON(rnQn) 0.1 0.1 0.1 

RADIUM 226 (pCill) 14 17 15.5 

GROSS ALPHA (pCill) 50 51 51 

GROSS BET A (pCill) 44 52 48 

RADON (pCill) 3000() 54000 42000 

Source: 

Mobil OH Corporation 

Sou1htrend Development Aru 

()per.ting Area 11 

Baullne Water Quallty Sampling Dm 



• 

HRI UNIT 1 
OPERATING AREA #1 

.WATER QUALITY REPORT 

WEU15L17 

SAMPLE #1 SAMPLE #2 SAMPLE 1 &2 

PARAMETER 8-23-82' AVERAGE 

------------------- ----------- ----------- ----------- ------------------------------ ----------- ----------- ----------- ----------
CALCIUM (mg/I) 1.8 1.4 1.6 

MAGNESIUM (mg/I) <.05 <.05 0.00 

SODIUM (mg/I) 110 100 105 

POTASSIUM (mg/I) 1.1 0.9 1.0 

CARBONATE (mg/I) 10 12 11 

BICARBONATE (mg/I) 220 220 220 

SULFATE (mg/I) 35 49 42 

CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/I) 15 17 16 

TDS (mg/I) 270 300 285 

CONDUCTIVITY (mMho) 400 410 405 

PH(su) 9.0 8.9 9.0 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

. CHROMIUM (mg/I) <.005 

COPPER (mg/I) 0.050 0.005 0.028 

IRON (mg/I) 0.05 ' <.01 0.03 

LEAD (mg/I) 0.013 <.005 0.007 

MANGANESE (mg/I) 0.010 <.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.007 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC(mg/I) 0.007 <.005 0.004 

BORON (mg/I) 0.2 0.1 0.15 

RADIUM 226 (pCi/I) 0 1 0.5 

GROSS ALPHA (pCi/I) 5 0 3 

GROSS BET A (pCi/I) 2 1 2 

RADON (pCill) 630 1100 865 

Source: 

Mobil Oil Corporation 

Southtrend Development Aru 

Operdng Area 11 

Baaelln• W•ter Qu.llty S.mpllng Dabl 



• 

• 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15L17A 

SAMPLE #1 SAMPLE #2 SAMPLE 1&2 

PARAMETER S-:22-82 8-23-82 AVERAGE 

================== =========== =========== =========== =========== 
CALCIUM (mg/I) 1.1 1.1 1.1 

MAGNESIUM (mg/I) <.05 <.05 0.00 

SODIUM (mg/I) 110 110 110 

POTASSIUM (mg/I) 1.0 1.1 1.1 

CARBONATE (mg/I) 10 12 11 

BICARBONATE (mg/I) 210 220 215 

SULFATE (mg/I) 30 36 33 

CHLORIDE (mg/I) <3 3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/I) 1a 16 17 

TDS (mg/1) 271 270 271 

CONDUCTIVITY (mMho) 425 420 423 

PH (su) a.5 a.a a.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) .<.005 <.005 <.005· 

Ct-JROMIUM (mg/I) <.005 

COPPER (mg/I) <.005 <.005 <.005 

IRON (mg/I) <.01 0.02 0.01 

LEAD (mg/I) <.005 0.006 0.003 

MANGANESE (mg/I) <.005 0.010 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.007 0.009 0.008 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 0.007 0.004 

BORON (mg/I) <.1 <.1 <.1 

RADIUM 226 (pCi/I) 1 1 1 

GROSS ALPHA (pCi/I) 2 5 4 

GROSS BETA (pCi/I) 9 6 8 

RADON (pCi/I) 14000 12000 13000 

Source: 

Mobil Oii Corporation 

Southtrend Development Ar .. 

Operating Aru t1 

Baseline Watllr Quality Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15l45 

SAMPLE#1. SAMPLE#2 SAMPLE 1&2 
~ 

AVERAGE PARAMETER 8-23-82 ~ 

================== =========== ========== =========== =========== 
CALCIUM (mg/1) 1.9 1.4 1.7 

MAGNESIUM (mgll) <.05 <.05 0.00 

SODIUM (mg/I) 110 110. 110 

POTASSIUM (mg/1) 1.0 5.5 3.3 

CARBONATE (mg/1) 15 43 29 

BICARBONATE (mg/1) 220 180 200 

SULFATE (mg/I) 37 35 36 

CHLORIDE (mg/I) <3 <3 . <3 

• 
NITRATE (mg/l) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/1) 13 18 16 

TDS (mgll) 280 320 300 

CONDUCTIVITY (mMho) 415 410 413 

PH(su) 8.9 8.8 8.9 

ARSENIC (mgll) <.005 <.005 <.005 

BARIUM (mg/I) 

CADMIUM (mgll) <.005 <.005 <.005 

CHROMIUM (mgll) <.005 

COPPER (mgll) 0.010 0.007 0.009 

IRON (mgll) 0.04 0.02 0.03 

LEAD (mg/1) 0.007 <.005 0.004 

MANGANESE (mg/I) 0.005 <.005 0.003 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mgll) 0.012 <.005 0.006 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mgll) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.005 0.007 0.006 

BORON (mg/I) 0.2 0.2 0.2 

. RADIUM 226 (pCi/I) 1 0 0.5 

GROSS ALPHA (pCi/I) 2 6 '4 

GROSS BETA (pCi/I) 4 10 7 
RADON (pCi/I) 270000 4400 137200 

Soun»: 
Mobil 011 Corporlltlon 

Souttltrencl Development Area 

Operdng Aru 11 

Buellne Water Quality Sampling Data 



· HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 15L5 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 8-2~2 ~ AVERAGE· 

================== =========== =====~===== =========== ========== 
CALCIUM (mg/I) 1.9 1.4 1.7 

MAGNESIUM (mg/I) <.05 <.05 0.00 

SODIUM (mg/I) 110 110 110 

,, POTASSIUM (mg/I) 1.0 0.7 0.9 

CARBONATE (mg/I) 15 12 14 

BICARBONATE (mg/I) 220 230 225 

SULFATE (mg/I) 46 39 43 

CHLORIDE (mg/I) 3, <3 2 

NITRATE (mg/I) \ <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5 <.5 
., 

SILICA (mg/I) 15 16 16 

TDS (mg/I) 270 300 285 

CONDUCTIVITY (mMho) 420 415 418 

PH(su) 8.9 9.1 

ARSENIC (mg/I) <.005 <.005 <.005' 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) '<.005 

.<?OPPER (mg/I) 0.980 0.011 0.496 

,, IRON (mg/I) 0.05 0.01 ·0.03 

LEAD (mg/I) " 0.170 <.005 0.085 

' MANGANESE (mg/I) 0.010 <.005 0.005 

- MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.005 0.006 0.006 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001, <:001 

ZINC (mg/I) 0.018 <.005 0.009 

BORON (mg/I) 0.1 0.2 0.15 

RADIUM 226 (pCi/I) 0 1 .0.5 

GROSS ALPHA (pCi/I) 23 5 14 

GROSS BET A (pCi/I) 31 4 18 

RADON (pCill) 330 350 340 

Soun:e: 

Mobil 011 Corpordon 

Southtrend Development Ar .. 

I Oper.U119 Area 11 

Baseline Water Quality Sampll119 Data 



~ : 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 
' 

WELL 15L7 

SAMPLE #1 SAMPLE #2 SAMPLE 1&2 

PARAMETER' 7-26-82 8-~1-82 AVERAGE 

=================== ========= =========== =========== =========== 
CALCIUM (mg/I) 3.5 1.6 2.6 

. MAGNESIUM (mg/I) 0.09 <.05 0.05' 

SODIUM (mg/I) 110 110 110 

POTASSIUM (mg/I) 2.2 1.1 ' 1.7 

CARBONATE (mg/I). ' 17 12 15 

BICARBONATE (mg/I) 210 220 215 

SULFATE (mg/I) 35 32 34 
CHLORIDE (mg/1) 3 <3 2 

. NITRATE (mg/I) <.05 <.05 <.05 

. FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/I) 20 18 19 

TDS (mg/I) 300 280 290 

CONDUCTIVITY (mMho) 410 390 400 

PH(su) 8.9 8.9 8.9 

ARSENIC (mg/1) <.005 <005 <.005 

BARIUM (mg/I) 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/I) 0.340 0.075 0.208 

IRON(mg/I) foo 0.02 0.51 

LEAD (mQ/1) 0.150 <:005 0.075 

MANGANESE (mg/I) 0.023 <.00~ 0.012 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.009 0.005 0.007 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.100 <.005 0.050 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 1 0 0.5 

GROSS ALPHA (pCi/I) 3 0 2 

GROSS BETA (pCi/I) 4 1 3 

RADON (pCi/I) 1200 510 855 

Source: 

Mobil Oil Corporation 

Southtrend Development Aru 

Operating Aru t1 

Buellne Water Quallty Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15L73 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 6-7-82 8-23-82 AVERAGE 

=================== =========== =========== =========== =========== 
CALCIUM (mg/1) 2.9 2.4 2.7 

MAGNESIUM (mg/I) O.Q7 0.09 O.OB 

SODIUM (mg/I) 100 100 100 

POTASSIUM (mg/I) 1.7 1.3 1.5 

CARBONATE (mg/I) 19 10 15 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 36 43 40 

CHLORIDE (mg/I) 6 <3 3 

• 
NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/1) 20 14 17 

TDS (mg/1) 314 270 292 

CONDUCTIVITY (mMho) 400 405 403 

PH(su) 8.4 8.8 8.6 

ARSENIC (mg/1) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMl\JM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/1) <.005 0.005 0.003 

IRON (mg/I) 0.02 0.13 0.08 

LEAD (mg/I) 0.008 0.013 0.011 

MANGANESE (mg/1) <.005 0.005 0.003 

• MERCURY (mg/1) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.006 0.003 

NICKEL (mg/1) <.02 0.02 0.01 

SELENIUM (mg/1) <.005 <.005 <.005 

SIL VER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/1) <.005 0.022 0.011 

BORON (mg/1) 0.2 0.1 0.15 

RADIUM 226 (pCill) 18 33 25.5 

GROSS ALPHA (pCill) 48 110 79 

GROSS BETA (pCi/I) 140 210 175 

RADON (pCi/I) 320000 2300 161150 

Source: 

Mobll 011 Corporation 

Southtrend Development Aru 

Operating Area 1'1 

Baseline Water Quallty Sampllng Oat. 



• 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

PAR~METER 

WELL 15M12 

SAMPLE #1 

6-21-82 

SAMPLE #2 SAMPLE 1&2 

9-1-82. AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 4.5 2.2 3.4 

MAGNESIUM (mg/I) <.05 <.05 0.00 

SODIUM (mg/I) 100 104 102 

POTASSIUM (mg/I) 1.4 1.4 1.4 

CARBONATE (mg/I) 9 6 8 

BICARBONATE (mg/I) 200 220 210 

SULFATE (mg/I) 29 32 31 

CHLORIDE (mg/I) 8 3 6 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/I) 19 19 19 

TDS (mg/I) 274 260 267 

CONDUCTIVITY (mMho) 410 405 408 

PH (su) 8.4 8.7 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005. 

CHROMIUM (mg/I) <.005 

COPPER (mQll) <.005 0.005 0.003 

IRON (mg/I) <.01 0.02 0.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.007 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.010 <.005 0.005 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 5 2 3.5 
GROSS ALPHA (pCi/I) 24 13 19 

GROSS BETA (pCi/I) 22 28 25 

RADON (pCi/I) 58000 26000 42000 

Source: 

Mobil OH Corporation 

Southtrend Development Area 

Oper.tlng Area 11 

Baaellne Water Quaillty Sampling Datli 



· HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15M39 

SAMPLE#1 SAMPLEtf2 SAMPLE 1&2 

PARAMETER 6-7-82 9-1-82 AVERAGE 

================== =========== =========== =========== ========== 
CALCIUM (mg/I) 3.0 3.0 3.0 

MAGNESIUM (mg/I) 0.09 0.06 0.08 

SODIUM (mg/I) 97 105 101 

POTASSIUM (mg/I) 1.3 1.5 1.4 

CARBONATE (mg/I) 10 6 8 

BICARBONATE (mg/I) 210 220 215 

SULFATE(mg/I) 31 31 31 

CHLORIDE (mg/I) <3 <3 <3 

NITRATE (mg/I) <.05 <.05 <.05 

• FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/I) 20 18 19 

TDS (mg/I) 246 270 258 

CONDUCTIVITY (mMho) 383 395 389 

PH(su) 8.3 8.9 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/I) <:005 0.005 0.003 

IRON (mg/I) 0.01 <.01 0.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

• MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 <.005 <.005 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 2 1 1.5 

GROSS ALPHA (pCi/1) 4 4 4 

GROSS BET A (pCi/I) 4 9 7 
RADON (pCi/1) 12000 17000 14500 

Sourc:e: 

Mobil 011 Corporation 

Sou1htrend Development Aru 

Operating Aru 11 
" 

Baseline Water Quality Sampling Data 



• 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15M87 

SAMPLE#1 SAMPLE #2 SAMPLE 1&2 

PARAMETER 6-11-82 9-1-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/I) 13.0 8.0 10.5 

MAGNESIUM (mg/I) 0.11 0.08 0.10 

SODIUM (mg/I) 110 110 110 

POTASSIUM (mg/1) 2.2 2.4 2.3 

CARBONATE (mg/I) 4 6 5 

BICARBONATE (mg/I) 200 220 210 

SULFATE (mg/I) 28 33 31 

CHLORIDE (mg/I) 41 39 40 

NITRATE (mg/1) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.2 <.5 0.1 

SILICA (mg/1) 18 18 18 

TDS (mg/I) 336 330 333 

CONDUCTIVITY (mMho) 455 415 435 

PH(su) 8.5 8.9 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/1) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) . <.005 

COPPER (mg/I) <.005 0.005 0.003 

IRON (mg/I) 0.02 0.02 0.02 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) 0.008 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.006 0.005 0.006 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 0 1 0.5 

GROSS ALPHA (pCi/I) 1 3 2 

GROSS BETA (pCi/I) 3 3 3 

RADON (pCi/I) 1300 520 910 

Source: 

MObll 011 Corpor.tlon 

Southtrend Development Alu 

Oper.tlng Area 11 

Bnellne Water Quallty Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15M92 

SAMPLE #1 SAMPLEtf2 SAMPLE 1&2 

PARAMETER 7-20-82 9-1-82. AVERAGE 

==================== ========= =========== =====.====== =========== 
CALCIUM (mg/I) 3.2 2.8 3.0 

MAGNESIUM (mg/I) 0.14 0.10 0.12 

SODIUM (mg/I) 97 99 98 

POTASSIUM (mg/I) 2.5 2.0 2.3 

CARBONATE (mg/I) 10 6 8 0 

BICARBONATE (mg/I) 210 220 21.5 

SULFATE (mg/I) 36 32 34 
CHLORIDE (mg/I) 3 <3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 < .. 5 . <.5 

SILICA (mg/I) 19 19 19 

TDS (mg/I) 278 250 264 

CONDUCTIVITY (mMho) 375 400 388 

PH (su) . 8.7 8.9 8.8 

ARSENIC (mg/I) <.005 <.005 <.005' 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/l) 0.005 

COPPER (mg/I) <.005 0.005 0.003 

IRON (mg/I) <.01 0.02 0.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <,005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.015 <.005 0.008 

BORON (mg/I) 0.1 0.1 0.1 
0 

RADIUM 226 (pCi/I) 2 ·3 2.5 

GROSS ALPHA (pCi/I) 6 . 8 7 

GROSS BETA (pCUI) 8 6 7 
RADON (pCi/I) 6000 4200 5100 

Source: 

Mobil 011 Corpordon 

. Southtrenc:t Development Ar• 

Operdng Area 11 

Baaellne Water Quality Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15M94 

SAMPLE#1 SAMPLE.#2 SAMPLE 1&2 

PARAMETER' 7-20-&2 9-1-82. AVERAGE 

========~===== =========== =========== =========== =========== 
CALCIUM (mg/I) 8.5 18.0 13.3 

MAGNESIUM (mg/I) 0.74 5.80 3.27 

SODIUM (mg/I) 110 170 140 

POTASSIUM (mg/I) 2:8 4.3 3.6 

CARBONATE (mg/1) 10 0 5 

BICARBONATE (mg/I) 220 250 235 

1; SULFATE (mg/I) 53 200 127 

CHLORIDE (mg/1) 9 24 17 
:: 

<.05 NITRATE (mg/I) <.05 <.05· 

• FLUORIDE (mg/I) <.5 <.5. <.5 

SILICA (mg/1) 19 19 19 

TDS (mg/I) 326 570 448 

CONDUCTIVITY (mMho) 410 390 400 

PH(su) 8.8 9.0 8.9 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/1) <.005 <.005 <.005 

CHROMIUM (mg/1) <.005 

COPPER (mg/I) <.005 0.005 0.003 

IRON (mg/1) 0.05 0.03 0.04 

LEAO(mg/I) <.005 <.005 <.005 

;. MANGANESE (mg/1) <.005 <.005 <.005 

MERCURY (m9Jt) <:0001~ <.0001 <.0001 

MOLYBDENUM (mg/1) <.005 <.005 0.000 

NICKEL (mg!!) <.02 <.02. <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.011 <.005 0.006 

BORON (rTign) 0.1 0.2 0.15 .. 
RADIUM 226 (pCi/I) 1 1 1 . 

GROSS ALPHA (pCi/I) 7 5 6 

GROSS BETA (pCi/I) 6 7 7 

RADON (pClll) . 2100 2600 2350 

Source: 

Mobil Oil Corporation 

Southtrend Development Ar• 

;i Operlltlng Area 11 

Baellne Watar Quality Sampling Dam 

L___ __ c___ -



- --- ----

I 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

.. WELL 15111 

• !,-. 
SAMPLE#1 SAMPL~'/12 SAMPLE 1.~ 

PARAMETER 7-13-82 8-31-82 AVERAGE 

================ =========== =========== ===========: =========== 
CALCIUM (mg/I) 1.8 1.6 1.7 

MAGNESIUM (mg/1) <.05 <.05 0.00 

SODIUM (mg/I) 110 110 .. 110 

POTASSIUM (mg/I) 1.3 1.0 1.2 
.. CARBONATE (mg/I) 14 12 . 13 i 

BICARBONATE (mg/I) 200 220 210 

SULF.ATE (mg/I) 25 33 29 

. CHLORIDE (mg/I) I 4 3 4 

• 
NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) ·<.s <.5 <.5 

SILICA (mg/I) 19 19 19 

TDS (mg/I) 280 300 290 

CONDUCTIVITY (mMho) 400 400 400 
., 

PH(su) 8.7 9.0 8.9 " 
i, 

ARSENIC (mg/I) . <.005 <.005 <.005 

BARIUM (mg/I) <.2 . <.2 <.2 

CADMIUM (mg/I) .c.005 <.005 <.005' 

CH_ROMIUM (mg/I) 0.008 

COPPER (mg/I) 0.005 0.020 0.013 

IRON (mgn) <.01 0.01 0.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02. <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.Q05 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC.(mg/I) 0.800 0.006 0.403 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCl/I) 0 0 0 

GROSS ALPHA (pCi/I) 4 3 

GROSS BETA (pCi/I) 2 0 1 

RADON (pCill) 270 310 290 

Soutce: 

Mobil 011 Corpordon 

Southtrend Development Area 

Operating Aru 11 

Buellne Water Quallty Sampling Data 

" 
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,, 

HRI UNIT 1 
(•. OPERA TING AREA #1 
.: 

· WATER QUALITY REPORT 
. 1 

WELL 15123 

SAMPLE#1· SAMPLE#2 SAMPLE 1&2 · .. 
PARAMETER 7-13'«2 8-31-82 AVE.RA~ 

..-. ·" 
============== =========== ========= ========== =========== 
CALCIUM (mg/I) 2.4 1.8 . 2, 1 
MAGNESIUM (mg/I) '0.05 <0.05 0.03 

,I SODIUM (mg/I) 100 100 100 

;. 
POTASSIUM (mgn) 1.2 1.0 1.1 
CARBONATE (mg/I) 9 6 8 

;: BICARBONATE (mg/I) 210 220 215 i 
,. SULFATE (mg/I) 31 34 33 i, 

CHLORIDE (mg/I) 5 <3 3 
NITRATE (mg/I) <.05 <.05 <.05 

• FLUORIDE (mg/I) <.5 <.5 <.5 
SILICA (mg/I) 20 18 19 
TDS(mg/I) 270 270 270 
CONDUCTIVITY (mMho) 395 390 393 

,. PH(su) 8.9 8.8 8.9 

.:· ARSENIC (mg/I) <.005 <.005 <c005 
BARIUM (mg/I) <.2 <.2 <.2 
CADMIUM (mg/I) <.005· <.005 <.005 
CHROMIUM (mg/I) <.005 
COPPER (mg/I) <.El05 0.005 0.003 
IRON (mg/I) <.01 0.02 0.01 
LEAO(mg/I) <.005 <.005 <:005 
MANGANESE (mg/I) <.005 <.005 <.005 

• 
MERCURY (mg/I) <.0001. <.0001 <.0001 
MOLYBDENUM (mg/I) <.005 <.005 0.000 
NICKEL (mg/I) <.02 <.02 <.02 
SELENIUM (mg/I) <.005 <.005 <.005 
SILVER (mg/I) <.005 <.005 <.005 
URANIUM (mg/I) <.001 <.001 <.001 
ZINC (mg/I) <.005 <.005 <.005 
BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 3 5 4 

·: GROSS ALPHA (pCi/I) 5 5 5 
. GROSS BETA (pCi/I) 4 4 4 

!' 
RADON (pCi/I) 410 3600 2005 J: 

' :. 
Source: 

I. Mobil OH Corporation 

. f Southtreild Development Area 

Operating Area 11 

Buellne Water Quallty Sampling Data 
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PARAMETER 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 18151 

S~MPLE #1 SAMPLE #2 SAMPLE 1&2 

7-13-82 8-31-82 AVERAGE ... ' 

==---~?==~=====~=:=~ ===~:::====== =========== =========== =========== 
CALCIUM (mg/I) 2.2 2.1 2.2 

MAGNESIUM (mg/I) 0:05 <.05 0.03 

SODIUM (mg/I) 100 100 100 

POTASSIUM (mg/I) 1.2 1.0 1.1 

CARBONATE (mgfl) 9 6 8 

BICARBONATE (mg/I) 210 220 215 

SULFATE (mg/I) 26 34 30 

CHLORIDE (mg/I) 4 <3 2 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5 <.5 

SILICA (mg/I) 20 19 . 20 

TDS (mgfl) 270 280 275 

CONDUCTIVITY (mMho) 390 385 388 

PH(su) 8.8 9.1 9.0 

. ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/I) <.005 0.030 0.015 

IRON (mgfl) <.01 O.Q1 0.01 

LEAD (mg/I) 0.010 0.005 0.008 

MANGANESE (mgfl) <.005 <.005 <.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SIL VER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 0.004 0.002 

ZINC (mg/I) <.005 0.005 0.003 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 0 2 1 

GROSS ALPHA (pCi/I) 0 10 5 

GROSS BETA (pCi/I) .s 8 7 

RADON (pCill) 10000 7200 8600 

Source: 

Mobil 011 Corpordon 

Southtrend Development Aru 

Oper8tlng Ar .. 11 

Baellne Water Quallty Sampling Data 



HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 15181 

·~ .......... , 
SAMPLE #1 SAMPLE ff1. SAMPLE 1&2 

PARAMETER 7-13-82 8-31-82 AVERAGE 

================ =========== ========== ========== =========== 
CALCIUM (mg/I) 2.1 1.6 1.9 
MAGNESIUM (mgn) 0.05 <.05 0.03 
SODIUM (mgn) 100 100 100 
POTASSIUM (mgn) 1.4 1.2 1.3 
CARBONATE (mg/I) 9 6 8 
BICARBONATE (mgn) 210 220 215 

SULFATE (mg/I) 22 21 22 
CHLORIDE (mgn) 4 <3 2 
NITRATE (mgn) <.05 <.05 <.05 

• FLUORIDE (mgn) <.5 <.5 <.5 
SILICA (mgn) 20 19 20 
TDS(mgn) 230 230 230 

CONDUCTIVITY (mMho) 385 395 198 
PH (su) B.9 B.9 8.9 
ARSENIC (mgn) <.005 <.005 <.005 
BARIUM (mgn) <.2 <.2 <.2 

CADMIUM (mgn) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mgn) <.005 0.015 0.008 

IRON (mg/I) <.01 <.01 <.01 

LEAD (mg/I) 0.006 <:005 0.003 
MANGANESE (mg/I) <.005 <.005 <.005 

• MERCURY (mgn) <.0001 <.0001 <.0001 

MOLYBDENUM (mgn) <.005 <.005 0.000 

NICKEL (mgn) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mgn) <.005 <.005 <.005 

URANIUM (mgn) <.001 <.001 <.001 

ZINC (mg/I) <.005 0.006 0.003 

BORON (mg/I) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 0 0 0 

GROSS ALPHA (pCi/I) 2 1 2 

GROSS BETA (pCi/l) 2 2 

RADON (pCi/I) 830 930 880 

Source: 

MobH 011 Corporation 

Southtrend Development Area 

Oper•tlng Area 11 

S...llne Water Cu•llty Sampling Om 



• ·' L 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18P102 

SAMPLE #1 SAMPLE #2 SAMPLE 1 &2 

PARAMETER 
.. . -

7-1-82 8-25-82 AVERAGE 

================== ========== =========== =========== =========== 
CALCIUM (mg/I) 11.0 3.5 7.3 
MAGNESIUM (~) 0.11 0.12 0.12 
SODIUM (mg/I) 88 100 94 
POTASSIUM (mg/I) •1.7 1.2 1.5 
CARBONATE (mg/I) 5 6 6 
BICARBONATE (mg/I) 200 210 205 
SULFATE (mg/I) 29 37 33 
CHLORIDE (mg/I) 25 5 15 
NITRATE (mg/I) 0.06 0.05 0.06 
FLUORIDE (mg/I) 0.3 <.5 0.2 
SILICA (mg/I) 23 15 19 
TDS (mg/I) 270 250 260 
CONDUCTIVITY (mMho) 340 400 370 
PH(su) 9.1 8.8 9.0 
ARSENIC (mg/I) <.005 <.005 <.005 
BARIUM (mg/I) <.2 <.2 <.2 
CADMIUM (mg/1) <.005 <.005 <.005 
CHROMIUM (mg/I) <.005 
COPPER (mg/I) 0.011 0.100 0.056 
IRON (mg/I) <.01 0.16 0.08 
LEAO(mg/I) <.005 0.045 0.023 
MANGANESE (mg/I) 0.009 0.010 0.010 
MERCURY (mg/I) <.0001 <.0001 <.0001 
MOLYBDENUM (mg/I) <.005 0.007 0.004 
NICKEL (mg/I) <.02 <.02 <.02 
SELENIUM (mg/I) <.005 <.005 <.005 
SIL VER (mg/1) <.005 <.005 <.005 
URANIUM (mg/I) <.001 <.001 <.001 
ZINC(mg/I) 0.010 0.013 0.012 
BORON (mg/1) . <.1 0.1 0.05 
RADIUM 226 (pCl/I) 2 0 1 

·GROSS ALPHA (pCl/I) 4 7 6 
GROSS BETA (pCl/I) 30 4 17 
RADON (pCi/I) 2200 1000 1600• 

Source: 

Mobil 011 Corporation 

Southtrend Development_ Area 

Operating Aru 11 

Baellne Water Quallty Sampling Data . 
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HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18P11 

SAMPLE #1 SAt.1PLE tr1. SAMPLE 1&2 

PARAMETER 8-31-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/1) 13.0 8.4 10.7 

MAGNESIUM (mg/1) 0.11 0.10 0.11 

SODIUM (mg/1) 100 100 100 

POTASSIUM (mg/I) 1.6 1.3 1.5 

CARBONATE (mg/1) 5 0 3 

BICARBONATE (mg/1) 210 230 220 

SULFATE (mg/1) 23 37 30 

CHLORIDE (mg/1) 35 20 28 

NITRATE (mg/1) <.05 <.05 <.05 

FLUORIDE (mgJl) <.5 <.5 <.5 

SILICA (mg/1) 20 19 20 

TDS (mgJl) 270 290 280 

CONDUCTIVITY (mMho) 425 415 420 

PH(su) 8.8 8.8 8.8 

ARSENIC (mgJl) <.005 <.005 <.005 

BARIUM (mgJl) <.2 <.2 <.2 

-CADMIUM (mgJl) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mgJl) - <.005 0.015 0.008 

IRON (mg/I) <.01 0.02 0.01 

LEAD(mg/I) <.005 <.005 <.005 

MANGANESE (mgJl) <.005 <.005 <.005 

MERCURY (mgJl) <.0001 <.0001 <.0001 

MOLYBDENUM (mgJl) <.005 <.005 0.000 

NICKEL (mgJl) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 0.630 0.315 

BORON (mgJl) 0.1 0.1 0.1 

RADIUM 226 (pCi/I) 1 0 0.5 

GROSS ALPHA (pCi/1) 5 2 4 

GROSS BETA (pCi/I) 5 4 5 

RADON (pCi/I) 550 1000 775 

Source: 

Mobil 011 Corpor•tlon 

Southtrend Development Area 

Operring Area 11 

BaHllne Water Quality Sampling Data 



HRI UNIT 1 
" OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL11SP37 

SAMPLE#1 SAMPLE#2 SAMPLE 1&2 

PARAMETER 7-6-82 8-6-82 AVERAGE 

==================== ========= =========== =========== ========== 
CALCIUM (mg/I) 2.9 l.4 3.2 

MAGNESIUM (mg/I) 0.11 0.13 0.12 

SODIUM (mg/I) 94 100 97 

POTASSIUM (mg/I) 5.2 1.9 3.6 

. CARBONATE (mg/I) 15 6 11 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 27 33 30 

CHLORIDE (mg/I) 3 <3 2 

NITRATE (mg/I) <.05 <.05 <.05 

• FLUORIDE (mg/I) 0.3 0.3 0.3 

SILICA (mg/I) 20 17 19 

TDS (mg/I) 310 280 295 

CONDUCTIVITY (mMho) 390 .420 405 

PH (su) 8.7 8.7 8:7 

ARSENIC (mg/I) <.005 <.005 <.005· 

BARIUM (mg/I) <.2 <.2 .::.2 

.CADMIUM (mg/I) . <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/I) <.005 0.030 0.015 

IRON (mg/I) <.01 0.01 0.01 

LEAD (mg/I) 0.005 0.025 0.015 

MANGANESE (mg/I) <.005 0.006 0.003 

• 
MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.Oas. <.oos 0.000 

NICKEL (mg/I) 0.02 <.02 0.01 

SELENIUM (mg/I) <.005 <.005 <.005 

SIL VER (mg/I) <.005 <.005 <.005 

URANIUM (mgll) <.001 <.001 <.001 

ZINC (mg/I) <.005 o.643 0.022 

BORON (mg/I) 0.1 0.2 0,15 

RADIUM 226 (pCi/I) 0 1 0.5 

GROSS ALPHA (pCiJI) 3 5 4 

GROSS BETA (pCi/I) 6 4 5 

RADON (pCi/I) 520 930 725 

Source: 

Mobil OH Corporation 

Southtrend Development Alu 

Operating Alu 11 
ti a.Milne Water Quallty S.mpllng O.m 
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HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL18Pe5 

SAMPLE #1 SAMPLE tf2. SAMPLE 1&2 

PARAMETER 7-1-82 ~2 AVERAGE 

======--========================================================= 
-<~1 . , .. » ' "' t.~!r, • ~. .., ; 

CALCIUM (mg/I) ~.:. •. ;•,-. ·i-~· , .. ;. 3.7 3.7 3.7 

MAGNESIUM (mg/I) 0.11 0.14 0.13 

SODIUM (mg/I) 82 100 91 
POTASSIUM (mg/I) 1.7 1.5 1.6 

CARBONATE (mg/I) 10 6 8 

BICARBONATE (mg/I) 180 220 200 

SULFATE (mg/I) 32 39 36 
CHLORIDE (mg/I) 3 <3 2 
NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 0.3 0.3 

SILICA (mg/I) 20 19 20 

TDS(mg/I) 230 280 255 

CONDUCTIVITY (mMho) 350 390 370 

PH (su) 8.6 8.8 8.7 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) . <.005 <.005 <.005 

CHROMIUM {mg/I) <.005 

COPPER (mg/I) 0.010 0.095 0.053 

IRON (mg/I) <.01 0.06 0.03 

LEAD (mg/I) <.005 0.020 0.010 

MANGANESE {mg/I) 0.005 0.005 0.005 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.Q2 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) 0.009 <.005 0.005 

BORON (mg/I) <.1 0.2 0.1 

RADIUM 226 (pCi/1) 7 7 7 

GROSS ALPHA (pCi/I) 36 30 33 

GROSS BETA (pCi/1) 55 23 39 

RADON (pCi/1) 65000 100000 82500 

Source: 

Mobil OH Corpor•tlon 

Sou1htrend O.V.lopment Aru 

Oper•tlna Aru t1 .. 
Baellne War Qu.llty Sampling Data 
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HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 11SP94 

SAMPLE #1 SAMPLE W2 SAMPLE 1&2 

PARAMETER 7-0-82 8-6-82 AVERAGE 

================================================================ 
CALCIUM (mg/1) 3.5 3.3 3.4 

MAGNESIUM (mg/I) 0.13 0.15 0.14 

SODIUM (mg/I) 90 100 95 

POTASSIUM (mg/I) 2.4 1.6 2.0 

CARBONATE (mg/I) 10 6 8 

BICARBONATE (mg/I) 190 220 205 

SULFATE (mg/1) 30 43 37 

CHLORIDE (mg/I) 3 <3 2 

NITRATE (mg/1) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 0.3 0.3 

SILICA (mg/I) 21 12 17 

TDS (mg/I) 280 270 275 

CONDUCTIVITY (mMho) 370 400 385 

PH (su) 8.6 8.9 8.8 

ARSENIC (mg/1) <.005 <.005 <.005 

BARIUM (mg/1) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/1) <.005 

COPPER (mg/1) <.005 <.005 <.005 

IRON(mg/I) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/1) 0.013 0.007 0.010 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 <.005 0.000 

NICKEL (mg/I) 0.02 <.02 0.01 

SELENIUM (mg/I) <.005 <.005 <.005 

SIL VER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/1) <.005 0.009 0.005 

BORON (mg/I) 0.1 0.2 0.15 

RADIUM 226 (pCi/I) 1 -2 1.5 

GROSS ALPHA (pCi/I) 0 4 2 

GROSS BETA (pCi/I) 5 4 5 

RADON (pCi/I) 480 690 585 

Source: 
Mobil 011 Corpor•tlon 

Southtrend Development Area 

Operating Area 11 

Baaellne Water Qu•llty Sampling Data 
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PARAMETER 

HRI UNIT 1 
OPERA TING AREA #1 

WATER QUALITY REPORT 

WELL 18P98 

SAMPLE #1 SAMPLE #2 SAMPLE 1&2 

6-21-82 . 8-25-82 AVERAGE 

================================================================ 
CALCIUM (mg/I) 3.3 3.2 3.3 

MAGNES.IUM (mg/I) 0.11 0.11 0.11 

SODIUM (mg/I) 100 97 99 

POTASSIUM (mg/I) 1.5 1.4 1.5 

CARBONATE (mg/I) 9 6 8 

BICARBONATE (mg/I) 200 210 205 

SULFATE (mg/I) 30 38 34 

CHLORIDE (mg/I) 3 3 3 

NITRATE (mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) 0.3 <.5 0.2 

SILICA (mg/I) 20 . 16 18 

TDS (mg/I) 262 230 246 

CONDUCTIVITY (mMho) 380 385 383 

PH(su) 8.3 8.9 8.6 

ARSENIC (mg/I) <.005 <.005 <.005 

BARIUM (mg/I) <.2 <.2 <.2 

CADMIUM (mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER (mg/I) <.005 0.250. 0.125 

IRON (mg/I) 0.30 0.01 0.16 

LEAD (mg/I) <.005 0.016 0.008 

MANGANESE (mg/I) 0.010 0.005 0.008 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/I) <.005 0.012 0.006 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM (mg/I) <.001 <.001 <.001 

ZINC (mg/I) <.005 0.006 0.003 

BORON (mg/I) <.1 0.1 0.05 

RADIUM 226 (pCi/I) 1 1 1 

GROSS ALPHA (pCi/I) 0 8 4 

GROSS BETA (pCi/I) 4 5 5 

RADON (pCi/I) 870 970 920 

Source: 

Mobil 01_1 Corporation 

Southtrend Deveiopment Aru 

Operating Aru 11 

Buellne Wat.r Qu.llty Sampling Datll 
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PARAMETER 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 18P101 (Dakota) 

SAMPLE #1 SAMPLE tf2 SAMPLE 1&2 

5-18-82 7-21-82 AVERAGE 

==================== =========== =========== =========== =========== 
CALCIUM (mg/1) 18.0 17.0 17.5 

MAGNESIUM (mg/1) 9.20 9.00 9.10 

SODIUM (mg/1) 150 170 160 

POTASSIUM (mg/1) 3.6 3.4 3.5 

CARBONATE (mg/1) 0 0 0 

BICARBONATE (mg/l) 250 260 255 

SULFATE (mg/1) 187 220 204 

CHLORIDE (mg/1) 5 6 6 

NITRATE (mg/1) <.05 0.07 0.04 

FLUORIDE (mg/1) 0.2 <.5 0.1 

SILICA (mg/I) 21 19 20 

TDS (mg/1) 536 540 538 

CONDUCTIVITY (mMho) 820 795 808 

PH(su) 7.7 7.6 7.7 

ARSENIC (mg/1) <.005 <.005 <.005 

BARIUM (mg/1) <.2 0.4 0.2 

CADMIUM (mg/1) <.005 <.005 <.005. 

CHROMIUM (mg/I) <.005 

COPPER (mg/1) <.005 <.005 <.005 

IRON(mg/1) <.01 <.01 <.01 

LEAD (mg/I) <.005 <.005 <.005 

MANGANESE (mg/1) 0.033 0.032 0.033 

ME~CURY (mg/1) <.0001 <.0001 <.0001 

MOLYBDENUM (mg/1) <.005 <.005 0.000 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/1) <.005 <.005 <.005 

SILVER (mg/1) <.005 <.005 <.005 

URANIUM (mg/1) 0.001 <.001 0.001 

ZINC (mg/1) 0.010 <.005 0.005 

BORON (mg/1) 0.1 <.1 0.05 

RADIUM 226 (pCi/I) 2 2 2 

GROSS ALPHA (pCi/I) 5 4 5 

GROSS BETA (pCi/1) 10 6 8 

· RADON (pCi/1) 240 4400 2320 

Source: 

Mobil 011 Corporation 

Southtrend Development Aru 

Oper.tlng Area 11 

Buellne Water Quallty Sampllng Data 



PARAMETER 

HRI UNIT 1 
OPERATING AREA #1 

WATER QUALITY REPORT 

WELL 15L101 (Dakota) 

SAMPLE #1 SAMPLE tf2 SAMPLE 1&2 

8-23-82 9-8-82 AVERAGE 

===========~======= =========== =========== =======:==== =========== 
CALCIUM {mg/I) 16.0 17.0 16.5 

MAGNESIUM (mg/I) 7.50 B.40 7.95 

SODIUM {mg/I) 170 160 165 

POTASSIUM (mg/I) 3.4 2.9 3.2 

CARBONATE (mg/I) 0 0 0 

BICARBONATE (mg/I) 270 270 270 

SULFATE (mg/I) 220 210 215 

CHLORIDE (mg/I) 4 <3 2 

NITRATE {mg/I) <.05 <.05 <.05 

FLUORIDE (mg/I) <.5 <.5. <.5 

SILICA (mg/I) 15 17 16 

TDS (mg/I) 550 590 570 

CONDUCTIVITY {mMho) 740 790 765 

PH(su) 7.6 7.5 7.6 

ARSENIC {mg/I) <.005 <.005 <.005 

BARIUM (mg/I) "<.2 <.2 <.2 

CADMIUM {mg/I) <.005 <.005 <.005 

CHROMIUM (mg/I) <.005 

COPPER {mg/I) <:005 0.005 0.003 

IRON {mg/I) 0.02 <.01 0.01 

LEAD {mg/I) <.005 <.005 <.005 

MANGANESE (mg/I) ,0.030 0.034 0.032 

MERCURY (mg/I) <.0001 <.0001 <.0001 

MOLYBDENUM {mg/I) 0.008 <.005 0.004 

NICKEL (mg/I) <.02 <.02 <.02 

SELENIUM (mg/I) <.005 <.005 <.005 

SILVER (mg/I) <.005 <.005 <.005 

URANIUM {mg/I) 0.003 <.001 0.002 

ZINC (mg/I) <.005 0.005 0.003 

BORON {mg/I) 0.2 0.2 0.2 

RADIUM 226 (pCi/I) 1 0 0.5 

GROSS ALPHA (pCi/I) · 0 0 0 

GROSS BETA (pCi/I) 3 5 4 

RADON (pCill) 38 22 30 

Source: 

Mobil 011 Corporation 

Southtrend Development Area 

Operating Ara t1 

Buelina Water Quality Sampling Data 
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ABSTRACT 

' 
A detailed analysis has been made of the drawdown and recovery water 

level data in 29 monitor wells collected during the August 16-18, 1982, 

pumping test of well 15M7 in the South.Trend Development Ar~a near Crown-

point, McKinley County, New Mexico. Analysis of these data indicates 

rather consistent values of transmissivity and storage coefficients 

even though individual monitor wells penetrate various sands of the 

Westwater. Canyon Member of the Morrison Formation. Average aquifer 

transmissivity and storage coefficients of the sands tested were 

1,230 gallons per ·day per foot and 6.7xio-5 r.espectively. Pumping 

test data were not sufficiently definitive to differentiate hydraulic 

conductivities of individual sands. 

Based upon a detailed examination of pumping test and related geo-

hydrologic data (excepting ~eil 16P80 information) ~ we conclude that 

the hydraulic communication between the sands penetrated by the pumped 

• well and all of the monitor we~ls penetrating A through D zones is 

good. The hydraulic connection vertically between the D and E zone 

sands remains unknown resulting from well completion problems suggested 

by the available test data from well 16P80. There is a strong indica-
,, 

tion that monitor wells l5M67 and 15Ll7 are partially clogged or also 

affected by completion problems. 

Leakage through or from the Brushy Basin Shale was not measurable dur-

ing the pumping test. Based upon a thorough study of water level infor-

mation, no drawdown impacts were detec~ed in the Dakota Sandstone during ,, 

the period of this test. 
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INTRODUCTION. 

General Background 

Mobil Oil Corporation is pursuing development of an in situ.solution 

uranium mine in the viciility of Crownpoint, New M~xic~. As part of 

this development, Mobil has been required to submit selected hydro-

geologic data for the proposed site to various State and Federal 

regulatory agencies. The information. required relat~s primarily to 

the hydrogeologic characteristics of the uranium producing formation 

(the Westwater Canyon Member of the Morrison Formation), the potential 

for drawdown impacts and vertical leakage from other formations 

(Dakota Sandstone drawdowns and leakage downward through the Brushy 

Basin Shale to the Westwater), and documentation of hydraulic com-

munication betwe~n the production well field and adjacent monitoring 

wells. 

To the above extent and in partial fulfillment of the regulatory 

agencies requirements,_ Mobil Oil Corporation agreed to conduct a 24-

hour pumping test at the South Trend site. The services of Camp 

Dresser and McKee Inc. (CDM) were retained by Mobil to supervise the 

testing activities and to provide complete reduction and compilation 

of water leyel monitoring data and other information obtained· from 

the pumping test. 

Pumping Test Design 

The pumping test at the South Trend site was designed by Mobil Oil 

1 
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Corporation, was jointiy carried out with CDM, and included the follow-

ing elements: 

j' 1.) A pumped well (15M7) co~pleted in four potentially 

. producing san,ds. of the Wes.twate,r Canyon Member of . 

the Morrison.Formation. 

2.) Two monitor wells completed in the overlying Dakota 

Sandstone. 

3.) 27 monitor wells completed in selected sections of 

the Westwater Canyon Member. 

' 

• 4.) A preliminary "practice run" test conducted on 

August 10, 1982, in preparation for the actual 

pumping test beginning on August 16., 1~82. 

5.) Continuous rate pumping and monitoring for 24 

hours at .a design rate of 75 gallons per· 

minute(gpm). 

6.) Recovery and monitor:i,p.g period of 24 hours (till 

•• August 18, 1982) after pumpage was stopped on 

August 17, 1982. 
! 

The distribution of monitoring wells at the South Trend site included 

the following: 

1 .• ) A centrally located pumping well (15M7) within the 

I· 
proposed uranium production field. 

2.) Five (5) "interior" monitoring wells, also com-

pleted in the Westwater Canyon Member and located 

in a rough north-south line across the production 

well field. 

2 



3.) Twenty One (21) "·exterior" wells completed in the 

Westwater Canyon Member and located peripheral to 
. . 

the propose~ production well field. 

4.) Two (2)' "interior." monitoring wells completed in 

the Dakota Sandstone arid located near the center 

of th~ production well field. 

5.) One (1) "exterior" monitor well completed in a 

so-called E sand of the Westwater Canyon Member 

and located near the southwestern portion of 

• the outer monitoring well ring. 

The remaining data collected by Mobil and CDM included information on 

barometric pressure and precipitation at the South Trend site and 

regional water level trends at a U S G s·. Westwater Canyon monitor 

well (514P) located approximately two miles northwest of. the South 

Trend site. 

• 
CDM, in cooperation with Mobil Oil Corporation, set up, pretested, and 

conducted the above pumping test during the period August 10~18, 1982. 

The collected water level data were tabulated, corrected for baro-

metric pressure changes and regional water level trends, and plotted 

on arithmetic, log-lo·g, and semilog graph paper by. CDM as further 

described below. 

CDM Data Presentation 

CDM produced a report entitled "Data summary report, Crownpoint-

South Trend pumping t;.est, McKinley County, New Mexico," dated as 

3 
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30 September, 1982 (see references for complete citation). This CDM 

report must be made a companion of this one since the CDM data, pump-

ing test information, drawdown an~ recovery plots, problems, and ex-

planations o~ testing and data reduction P.rocedures are nqt:. repeated 

herein. The CDM report is voluminous and contains the following 

information: 

1.) All data in tabulated form. 

·2.) Time versus water level elevation hydrographs on 

arithmetic paper for period of record. 

3.) Time versus drawdown plots on log-log graph paper. 

4.) Time versus drawdown on semilog paper. 

5.) The ratio of time since pumping started and time 

since pumping stopped versus residual drawdown on 

semilog graph paper • 

. Su.bs~quent to a preliminary analysis of the CDM data report, an ad'di-

tional appendix was added covering: 

• 
6.) Time versus recovery plots on log-log graph paper • 

The analysis that follows in this report is based upon these CDM 

materials. It. should be re-emphasized that one should have a copy of 

the CDM (1982) report (including the log-log recovery graph appendix) 

at hand·when reading this report. 

General Analysis of Data and Report Organization 

Thomas A. Prickett and Associates (TAP) were hired by Mobil Oil Cor-

poration to provide technical support for analyzing the information 

generated by the. pumping test reported by CDM (1982). In particular, 

., 
: 
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TAP was to complete a type-curve analysis of the CDM test data to ill

ustrate the presence or nonpresence of formation communication and to 

analyze and report all aquifer and confining layer properties possible 

with th~ CDM data bape. To this extent, TAP worked with Mobil and CDM 

in preparing for the pumping test, specifying the form and type of 

data to be plotted, and obtaining additional information such as 

electric resistivity logs and perforation r"ecords of monitor wells. 

TAP proceeded to analyze the drawdown and recovery data as presented 

by CDM. ~t should be mentioned that CDM provided original graphs to 

TAP such that photocopy distortion would not be pre~ent. In our 

opinion, this is an important item in analyzing the data set since dis

tortion can significantly change the analysis. 

The remainder of this report cons.is ts of ·the data analysis and results 

sections. Discussions are given concerning the typical methods used 

for analysis, tables are presented with the values of aquifer trans

missivities and storage coefficients, and numerous discussions are 

given concerning possibilities of leakage and Dakota Sandstone impacts. 

A discussion is given concerning the wells which we believe to be 

partially clogged. 

Finally, numerous discussions are presented concerning the overall inter 

sand and well hydraulic communication in.the South Trend. Development Area. 
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DISCUSSION OF ANALYSI$ AND.RESULTS 

Methods of Analysis 

' Log-log time-drawdowti and time-recovery graphs for all but the pumped 

well (15M7) were analyzed by the Theis type-curve method. An example 

analysis for well 15L7 is given in Figure 1. · With the exception of 

data from the closest observation well (16185), ·see Figure 2, the time-. 

drawdown or recovery data could not be analyzed by the modified Jacob 

·(semilog time versus arithmetic drawdown/recovery) method because the 

straight line criteria were not met (not enough time had elapsed for 

the semilog graph to fall on a straight line). Attempts at Jacob 

straight line analysis here will lead to transmissivity values which 

are generally too high. Time-drawdown and recovery data from the 

pumped well were analyzed by the Papadopulos-Cooper (196 7) ,method to 

deal with problems of well casing storage. · As problems developed 

with the column pipe check valve (see CDM, 1982), the pumped well 

data are questionable for highly detailed analysis. 

Distance-drawdown data from two approximately right angle located 

lines of wells - 16111, 16185, and·l5M92 and then 16Pl02, 16P37, and 

16P65 were also analyzed by the Theis type-curve method. The posi-

tions of the type curves and match points are shoWn on Figure 3. 

Coefficients of Transmissivity and Storage 

Table 1 shows the results of the calculations for aquifer transmissivity 

and storage coefficient for the above-mentioned analyses. An 

6 
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TABLE 1. Summary of Aquifer Transmissivity and Storage Coefficients for South 
Trend Area Pumping Test, August 16-18, 1982 

Well Perforated 
Number Section 

15L5 . A-D 

15L7 A-D 

15Ll7* A_:D . 

15Ll7A 

15L36 

15L45 

15L64 

15L.73 

15M12 

15M35 

15M39 

15M63 

15M67* 

15M92 

15M94 

16111 

161-23. 

16151 

16181 

.16185 

16Pll 

16P37 

16P65 

A 

A 

A-D 

B 

B 

A-D. 

B 

c 
B-C 

D 

A-D 

A-D 

A-D 

A-D 

A-D 

A-D 
.B 

A-D 

A-D 

A-D 

16P80* E 

16P94 A-D 

16P96 A-D 

16Pl02 A-D 

15M7 A-D 

DD 

Averages 

n 1l Aw n·ow N 
Transmissivity 

(gpd/ft) 

1,102 

1,228 

'905 

1,432 

914 

1,177 

1,228 

1,194 

1,432 

977 

1,074 

1,177 

1,228 

1,432 

1,409 

1,228 

1,283 

1,283 

1,228 

1,194 

1,211 

1,146 

1,264 

* 
1,322 

1,409 

1,409 

819 

1,293 

1,226 

Storage. 
Coefficient 

8.9xlo-5 

1.0x10-5 

l.6x10-4 

5.4xlo-5 
. . 5 

.4.6x10-

9.4xlo-S 

4.6x10-5 

9.lxio-5 

8.5xlo-5 

6.2x10-5 

1.lxlo-4 

6.0xl0-5 

.2.8xio-4 

6!7xio-5 

7~9x10-5 

6. 6xlo--5 

5.0xl0-5 

4.9xlo-5 

3.7x10-5 

9.7xio-5 

6.4xl0-5 

5.4xlo-5 

5.Sxlo-5 

* 
5.9xlo-5 

6.5xlo-5 

4.7xio-5 

3.3xl0-5 

6.0xl0-5 

6.5xl0-5 

RECOVERY 

Transmissivity Storage 
(gpd/f t) Coefficient 

1,102 7.8x10-S 

~,302 · 6.1x10-5 

886 _·. 1. 7xl0-4 . 

1,457 

1,194 

1,228 

1,177 

1,177 

1,432 

966 

1,146 

1,023 

* 
1,563 

1,264 

1,322 

1,194 

1,246 

1,131 

1,023 

: ' 4.6x10-5 

4.lxio-5 

l.2xlo-4 

5.2xl0-5 

1.lxlo-4 

8.2x1-0-5 

6.4xio-5 

l~Oxlo-4 

7.9xlo-5 

* 
6.9x10-5 

7.9xlo-5 

5.2xl0-5 

~ 4 .-7xio-5 

4.8xlo-5 

6.6xl0:.:5 

1.4xlo-4 

insufficient data 

1,102 7.0xlo-5 

1,246 5.0xlo-5 

* 
1,482 

1,432 

1,177 

1,074 

1,364 

1,433 

* 
5.0xlo-5 

s~sx10-5 

9.Sx10-s 

8.0xl0-6 

5.4xl0-S 

6.9xl0-S 

*Values apparently distorted by suspected clogging. Not used in averages. 

DD indicates distance drawdown average data. 

___ .. 1 n ---- --- -· 



examination of the hydraulic properties in.Table 1 reveals a fairly 

consistent set of transmissivities and storage coefficients. The 

range of transmissivity in Table 1 is from a low of.819 gallons per 

day per foot.(gpd/ft) to.a high C?f. 1563 gpd/ft. Storage coefficients 
-· 

in Table 1 range f~om a low of 3.3x10-5 to a high of 2.8x10-4. If 

suspected clogged monitor wells are.excluded (as discussed below), 

the average transmissivity is about 1,230 gpd/ft and the average stor

age coefficient is about 6.7xlo-5. No particular difference is noted 

when comparing time-drawdown and time-recovery data. 

Hydraulic Communication Between Sand Zones 

Several of the time-drawdown plots revealed early-time deviations 

from the Theis curve. Among the wells completed in single zones (A, 

B, C, or D), ·deviations from the Theis curve·were observed in wells 

15Ll7A and 15L36(zone A), 15M35(zone B), 15M39(z~ne C), 15M67(zone D), 

and 16I85(zone B), although tne recovery plot for well.16185 showed 

no such deviation •. At first inspection, these apparent deviations 

resemble those described by Javandel and Witherspoon (1969) for mul-

tilayered aquifers. According to these authors, at early time away 

from the pumped well, significant differences in potentiai develop 

between layers in a two-layer aquifer, for example, because of the 

more rapid removal of water from the higher permeability layer. This 

contrast of potential at a fixed radius, which leads to so-called 

"cross-flow", di:mini.shes with time, and the deviation from the Theis 

curve also diminishes. The smaller the contrast in permeability be-

tween adjacent layers, the less the degree of cross-flow and the 

11. 



more rapidly the results will converge.on the nieis curve. In exam-

ining the plots from single-zone wells, therefore, there should appear 

a consistent deviation from the Theis curve in the early data, the 

direction and magnitude. of which should depend u~on the relat~ve per-
; . ' - ! ..• ~# J 

meabilities of the adjacent layers. Since the ind-ividual zones are 

supposedly separated by layers of lower permeability, (as defined by 

Mobil study of electric logs), it would seem reasonable to expect 

that all deviations for single-zone wells would reflect the relatively 

higher permeability of the zone itself. The results, however, were 

inconsistent, in that some data deviated above the Theis curve, some 

deviated below the Theis curve, and still others showed little or no 

d~viation at all (see 15L64 recovery data for example). Since several 

of the wells open through zones A-D also exhibited apparent deviations 

from the Theis curve, the inferences concerning multilayered aquifers 

of a noncommunicating nature are inconclusive. What appears to.be 

more consistent, on the other }land, are the transmissivities deter-

mined from both single-zone and multi-zone wells. Mobil indicates 

that the single-zone wells will be recompleted to multi-zone wells prior 

to wellfield startup. 

Figure 4 shows the statistical distribution of transmissivity values 

selected from Table 1 for single sand wells (A, B, B-C, and D) and 

for those wells which are open to zones A-D. In general, one can 

note from Figure 4 that the range of values for each category is not 

greatly dif f erertt from one another and that the median value (50-per~ 

cent value) span is between 1150 and 1250 gpd/ft. The single-zone 

transmissivity values have a slightly lower median value compared 

with the fully penetrating A-D zone transmissivities. In our opinion, 

12 -
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this diff.erence is not significant. Finally, the values of transmissi vity 

of Table 1 were plotted on a map of the South Trend Development Area. 

A study of that map showed an apparent random distribution in trans-

missivities. (See CDM Report) 

.A study was made of the available electric logs of the area and of 

the apparent separations and relative permeabilities of the A through 

E sands. While there appears to be a fairly well defined separation 

between the individual sand zones, the relative per:meability 'of the 

separating layers compared to those of the A-E sands is not great. 

In addition, the thickness of the depo~its.separating the A~D sand 

zones varies significantly from place to place and in some areas dis-

appears. Under these conditions it is not surprising that hydraulic 

·communication.is good and ,that the transmissivity variation between 

zone evaluations-is not large. In our opinion, the pumping test data 

are not sufficiently definitive to differentiate hydraulic conductiv-

ities of individual sands. Since well 16P80 exhibited well completion 

problems, the vertical hydraulic connection between the D and E sand 

zones could not be determined. 

In summary, the analysis of the t'est data suggest that the multi-

zoned aquifer actually exhibited radial flow, especially in the latter 

stages of the test and that the multiple zones (A-D sands) behaved 

hydraulically nearly as a single layer. ·No .evidence of aquifer bound-

aries appeared in the data, and. it can reasonably be inferred, there-

fore, that the aquifer has generally consistent hydraulic properties of 

substantial areal extent and hydraulic connection. 
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Problems Related to Mechanical Float Operation 

Several of the type-curve "fits" were complicated by apparently ver

tical or horizontal offsets of the graphical plots. These offsets 

frequently could be traced to float sticking'problems meritio'ned and 

described in the data report by CDM (1982). Float problems apparently 

plagued some of the recovery data just as they had during the draw

down test, although not necessarily in the .same wells. A comparison 

of Figures 5 and 6 illustrates a typical float problem during draw

down that vanished during the recovery portion in well 15L64 • 

Furthermore, deviations in the early portions of the time-drawdown 

plots of single-zone wells 15Ll7A and 15L36 were not apparent during 

recovery, and in fact very good type-curve "fits" were possible in 

all of the single-zone wells except for 15M67 and 16P80 which will 

be discussed below. Therefore, the further specul~tion concerning 

the resemblance of deviations. <fgain from the Theis curve to those 

described by Javandel and Witherspoon (1969) for multilayered aquifers 

was not supported by analysis of the recovery data. Most of the 

deviations observed in the recovery plots were seen in wells open 

from-zones "A" through "D" and can be explained by residual float 

problems for the most part. 

Suspected Wells With Clogged Perforations or Completion Problems 

We believe data collected at wells 15Ll7, 15M67, and 16P80 indicate 

that these wells are partially clogged or have completion problems. 

In our opinion, the water level response in these wells does not 

represent a clean and free exchange of aquifer and well bore water. 

15 
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The analysis of aquifer coefficients from water level fluctuations 

at these wells is highly suspect. A discussion follows. 

, : ' ... 

, . 

Data ·from Well 16P80 (open to the "E" horizon) were not amenable to 

analysis, since significant residual trends continued to decline for 

nearly 1200 minutes into the recovery. Initially it was hypothesized 

that the sluggish response of this well during the time-drawdown test 

could be due to leakage from the "E" horizon across the "D"-"E" 

aquitard to the "A"-"D" sections of the aquifer which were being 

• directly pumped by Well'l5M7. Upon closer inspection of the draw-

down, recovery and pretest hydrograph data, it became apparent that 

Well 16P80 as well as 15Ll7 and 15M67 showed similar strong signs of 

poor perforation connection to the aquifer or that microannular com-

pleti~n problems existed. 

·' 
It is our opinion that Wells 15117 and 15M67 are at least partially 

• 
clogged in their perforated sections. For instance, in 15Ll7 and 

15M67, the pre-testing hydrograph shows little, if any, response to the 

preliminary pumping which took place on August 11, 198.Z. In addition, 

the log-log data traces show nearly linear response through most of the 

early portion of the recovery and, in Wells 15Ll7 and 16P80, little 

early response during the time-drawdoW-n test. Finally, a comparison 

of drawdowns and recoveries in these wells with similar data from wells 

at ·comparable radial distance~ from the pumped well, identifies sub-

stantial discrepancies. Drawdowns and recoveries in all cases were 
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noticeably smaller in these three wells than in comparably spaced · 

wells. 

For example, consider the substantial difference in the absolute value 

of both drawdown and r.ecovery at wells 15Ll7 and 15Ll7A, 5.49 ft versus 

10.71 ft and 4.27 ft versus 10.60 ft for drawdown and recovery respec

tively. Wells 15Ll7 (zones A-D) and 15Ll7A (zone A) are loca.ted 

1275 ft and 1255 ft, respectively from the pumped well. The difference 

between these two wells in drawdown and recovery is too great, par

ticularly when the common zone A (15Ll7A) has transmissivity values 

much greater than the apparently clogged A-D zone well (15Ll7). 

In summary, we believe Wells 15Ll7, 15M67, and 16P80 need work to 

develop a free exchange of water between the well bore and the de

. sired aquifer sand zone to be measured. 

Considerations of Leakage Through or From the Brushy Basin Shale 

Two monitoring wells were open in the Dakota Sandstone during the 

pumping test (15Ll01and16Pl01). Both of these wells showed a very 

gradual rise in water levels throughout the period of record before, 

during, and after the pumping test. Slight irregularities in water 

level movement were noted in these wells at times we believe to be 

unrelated to pumping. These irregularities'were attributed to mea

suring equipment difficulties. Based upon a study of these water 

levels in relation to regional trends and the pumping test activities 

it is our opinion that drawdown was not measurable in the Dakota 
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Sandstone and that the effects of pumping in the Westwater Canyon 

aquifer had not reached the top of the Brushy Basin Shale. 

· - ' L ~ · ... '1 

Furthermore·, a spec~al pas.s was made th~ough the. drawdown ·~nd recovery 

plots looking for any indication of leakage via "bending over" of 

data beneath the Theis curve near the end of the test. Methods de-

vised by Hantush (1964) for aquitard storage and leaky artesian condi-

tions were used herein. No such indication of leakage from or through 

the Brushy'Basin Shale was found. The main conclusions here were 

that there were no indications of water being released from storage 

or passing through the· Brushy Basin sha;te during the period of the 

pumping test. This analysis reconfirms the conclusion above that the 

drawdown impacts o~ the Dakota S:and~tone wer~ .nil, otherwi.se some sort 

of water level indications would have showed up in the Westwater 

~onitar wells. 

Final Comments on Overall Communications 

CDM (1982) generated potentiometric surface maps for groundwater 

elevation data collected from all of the observation wells completed 

in the Westwater Canyon Member of the Morrison Formation. Two maps 

were completed td illustrate pretest conditions (August 15, 1982) 

and drawndown conditions (after about 24 ·hours of pumping on August 17, 

1982). The.pretest map (see CDM map A-1) depicts a northerly flow of 

water with some aquifer heterogeneities likely causing steeper gradients 

in the south than in the north. The drawndown condition (see CDM map 

A-2) shows groundwater flow everywhere toward the pumping well. All 
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observation·wells of map·A-2 had significant drawdowns (even those that 

we believed to be partially clogged) • The hydraulic communications· . 

is further illustrated by study of these maps. (See CDM Report) 

As mentioned above, one may note slight indications of warping of 

piezometric contours from place to place and that heterogeneities no 

doubt play a role in local flow paths from place to place. However, 

one cannot escape notice of the fact that there are no indications of 

large scale heterogeneities present either vertically or horizontally 

in this system. Under conditions of pumping, there apparently will be 

• communication between monitoring and pumping wells to the extent de-

sired. 

SUMMARY AND CONCLUSIONS 

Based upon an evaluation of the pumping test data in the South Trend 

Development Area, we conclude that the average aquifer transmissivity 

and storage coefficients of the Westwater Canyon sands tested.is 1,230 . . 

gpd/ft_and 6.7xl0-5 , that hydraulic communications between sand zones 

of the Westwater Canyon Member of the Morrison Formation is good, 

and the pumping test data are not sufficiently definitive to differen-

tiate hydraulic conductivities of individual sands. 

We have also concluded that wells 16P80, 15M67, and 15Ll7 are partially 

clogged or affected by completion problems and are in need of develop-

ment. Leakage through or from the Brushy Basin Shale was not measurable 

21 



• 

• 

during tne pumping test. No drawdown impacts were measured in the 

Dakota Sandstone during the period of this test • 
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Churchrock Section 8 Uranium* Westwater Formation 

Well Number Samele 1 Samele 2 Samele 3 Samele 4 ·samele 5 Sample 6 Sample 7 Samele 8 Sample 9 Sample 10 Samele 11 Sample 12 Sample 13 Sample 14 

CR-3 0.039 0.104 0.065 0.075 0.064 0.061 0.06 0.063 0.063 0.056 0.056 0.062 0.06 

CR-5 0.068 0.022 0.024 0.01 0.007 0.021 0.039 0.005 0.003 0.002 0.003 0.003 

CR-6 0.326 0.372 0.783 1.16 0.525 0.479 0.338 0.342 0.338 0.341 0.36 0.321 0.474 0.2432 

CR-8 6.28 10.4 10 6.66 5.08 1.34 

• All uranium expressed in mg/I or ppm. Average of All Samples 1.05 
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TYl-'G Of ANAi. YSIS Rndium~226 and Total Urnnium in Water Analysis 
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·Analysis 

J;J rn_gU/l 

Radium-226 7 

Total Uranium 1.433 

B Radium-226 

Total Uranium 3.207 

Radium-226 ~-Total Uranium 2.307 

Radium-226 66+7 

Total Uranium 3.459 

Radium-226 52+5 

Total Uranium 0.850 
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UNITED 
'T :. .~: 

ST AT t; s··l-!~~¥.1A0 N.M E ~T,"A'°L-::·; ~ 01)~c·T .~-~~·: i>. (..~ N c ~ 
-.l'> . ~~GION YI · . , . ~ . : . 

Ao...UED 8ANK TOWE~ AT FOUNTAIN ~CE ·- .. 

Mr. Larry R. S~ward 
Executive Director 
Texas Water Commission 
P.O. Box 13087, Capitol ~~~tion 
Austin, TX 78711: 

Dear Jit ·• Sowa rd ~ 

'"5 ftOSS AVENUE 
DALLAS,TEXAS?5202 

May 15 I 1987 

. r 

I am pleased to info!'\11 you of EPA approval of your request to exemp~ 

,:.. 
,· 

•_.; f 

a portfon of the":-Go·liad·foriinatirrn f;·om the Underground In.jection Control·'. 
(UIC) program re~1~i't-.ement that no fluid may be injected. 1nto an Underground 
Source of Drinking" Water (USOW). This approval is based--upoa:the criteri~· 
stipu~ated in 4~ C~R-.144 .. 7{~} •. 145.32, ·and 146 .• o~.:contafning~~~gulatiqns .' 
allowing an aqu1ffr ;to bt:· e~FMpted if: .. ·ca) i~.-.:fs not curr@n-fly used is a 
dril'lking water Sllf>?fl'y, and (b) it cannot: be u~'ed as a drinking wa~er '. · 
sour~e in t~e futu.··e i>~cuuse it is mineral P!"Od~cing or can, .. be sM~1_b~ a·'-'".' 
penn1 t appl, cant tc· con-:.c. !t) mi nt!rals th21~ ·-~~e .expec~cd to ~ cwi1r.e1·e1a:l-:ty 
producible. This !il:lproval ~llows injection for Jn-situ Ul"~·nium il!inin9t 
only. If injecticin for trtt:~r purposes (e.g., hazardous waste di~posal•) 
is planned into t~~i.:. ·aqui~•~r. additional approval will be needed. ·r·· -.. 

The approved e.itempteci aquifer underlies the Uranium.-R!Sources, , 
Inc~·rporated, King~'.'ille D;;:r.e Mines. Sit.e, ·an~.:ai's limited:~io''the .dpper '. 
Goliad Formation. ~~ deta"il ed description of ."the .exempted a qui fei· ·'=emaios 
as described ·in yoa.ir April 15, 1986 and Februa·ry·11" 1987, submittals. 

If you have ari~ que!-t'ions con~erni ng th~~-.~~~~ov~f ::pi eas~ coritac\:~· .. · . ..:_ 
Die or have your StG ,,f con·i:ar:t John H. Walker a~ .. ·-(214) ES$~716Q. ~·Thank.: 
you for your continu~d C'O~~~ration. · · 

, .. 

I· 

-<.-· • 
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07108194 11:40 tJ512 239 6383 . T.N.R.C.C. 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 6 

REPL~ .TO: 6W-SU 

Mr. Anthony c. Grigsby 
Executive Director 

1445 ROSS AVENUE, SUITE 1200 
DALLAS, TX 75202·2733 

July 1, 1994 

Texas Natural Resource Conservation 
Colillnission 

P.O. Box 1:3087 
Austin, TX 78711-3087 

Dear Mr. Grigsby: 

.ta10021004 

I am pleased to inform you ot EPA approval of your request 
for an aquifer exemption extension for a portion of the Goliad 
Formation from the Underqround Injection Control (UIC) proqrain 
requirement that·no fluid may be injected into an Underqround 
Source of Drinking Water (USDW). This approval is based upon the 
criteria stipulated in 40 CPR §144.7(b) & (o) {1), §145.32, and 
§146.4 containing regulations allowing an aquifer to be exempted 

. if:·. (a) It does not currently sexve as a source of drinkfnq· 
water; and (b) it cannot be used as a drinking water source in 
the futur.e because it is mitieral producinq or can be shown by a . 
permit applicant to contain minerals that are expected to be 
commercially producible. This approval will allow injection for 
in-situ uranium mininq only. If injection !or other purposes 
(e.g. hazardous waste) is planned into this aquifer, additional 
approval will be needed. 

The approved exempted portion of the aquifer underlies the 
Uranium Resources, Inc. Kingsville Dome Project in Kleberg County 
and is limited to the Upper Goliad For.tt1ation. A detailed 
description of the exempted portion of the aquifer remain~ in the 
exemption extension request and subsequent comment letters. 

We recommend that in tuture Production Area Authorization 
{PAA) actions that closer monitor well spacing and more frequent 
monitor well sampling be incorporated in PAA's that are in closer 
proximity to private water wells looated in the buffer zone. 
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07/08/94 11:41 'C512 239 6383 T.N.R.C.C. 141003/004 

If you have any questions concerninq this approval, plaa5e 
contact me or have your staff contact Brian Graves at (214) 
655-7193. Thank you for your continued cooperation. 

sincerely Yours, 

)' ~1""' .441 ron o. son, P.E. 
irector · 
ater Ma ement Division (EiW) 

cc: Alice Hamilton Rogers ( 
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UNITED STA TES ENVIRONMENTAL PROTECTION ABENCV 
REGIONS 

Mr. 1eff Saitas 
Executive Director 

1445 ROSS AVENUE. SUITE 1200 
DALLAS, TX 75202-2733 

JUl 1'1 9B 

Tew Natural Resource Conservation Commission 
P. 0. Box 13087 
Aust.in. TeKU 78711-3037 

DearMr. Saitu: 

I am pleased to inform you EPA Region 6 has approved the Texas Natural Resource 
Conservation Commission.' a (TNRCC) revision request to exempt portions of two aquifers for the 
purposes of wanium mining. These exemptions are speclic to: 

· 1) that portion of the Daleville Sandstone Fonnation, underlying approximately 842 acres, 
at a deptb. of 150 to 210 feet subsurface, ten miles south·southeast of the City oCBnini in 
Duval County, Texas (a. k. a.. the Vasquez Project); an_d · 

.... 
2) that portion of the Goliad Formation, underlying approximately 70 acres. at a depth of· 
140 to 260 feet subsurf BCe, 11 miles northwest of the Cjty of San Diego in Duval County, . 
Texas (L k. a. the Rosita Project). ·· · 

The areal extent of the Vasquez and Rosita projects' exemptions are spocificaJJy defined in 
the Uranium Ruources In~rporated (lTRI) applieatiom as initially conveyed by TNRCC to 
Region 6 on September 171 1997, and February 4, 1998, respectively. The Rosita Project is an . 
extension to an exemption approved by 'Reg;on 5 in October. 1988. Region 6 has approved thw 
exemptions a.s non-substantial revisions to the TNRCC's Underground lnjecti.on Control program. 

The!e approvaJs are hued upon the criteria. stipulated in Title 40 oftbe Code of Federal 
Regulations §146.4; wherein a portion of an aquifer may be exempted if {a) that portion does not 
currently serve as 1 source of drinking water; and (b) it cannot now and will not, in the filture, 
ICI'VC u a source of drinking wa.ter, because the aquifer is mineral producing or can be shown to 
contain minerals that are expected to be commercially producible. The record ahowa that thc:ae 
criteria have been met. 

These eun1ptions apply only to the injection of fluids into those portions of the Oakville 
Sandstone and Goliad Formations as proposed in the applications.· Tnjection of other fluids (e.g. 
haz.ardous wastes) or injection of t1uids into other formations that qualify as underground aource1 
of drinking water would require additional approval. 



07/21/98 08:CO 
SEN'l:..By: 

9512 239 8382 
7-20-sa 

TNRCC Ul'RWS 
8=14 ; Reg 6 Water SuPPLY • 

2 

lill003/003 
51~ 2~~ b~~;~ ~/ ~ 

lf ycu have any question$ concerning this approval. pl~\C contact me or have your staff 
contact Larry Wright. Chief, Source Water Protection Branch at (214) 665-71 SO. 

• 
cc: Ms. Alice Regen 

Texas Natural Resource Conservation Commission 
Mr. John Santos 

TOtU Natural Resource Conservation Commission 
• 

•• 
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OCT 1 1 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION VI 

: . : ,. .. 
1' ·:··. ' ·.· ... 

October 4 , t-96a 

·AT :1\. C. . .. 

1445 ROSS AVENUE, SUITE 1200 

DALLAS, TEXAS 75202 

. . .· . ' .. , .. ~ ·-
..--;,.-REPLY To:··.~.~-~~u 

.. .. 

• 

• 

Mr. Allen P. Beinke, Jr. 
Executive Director 
Texas Water Conmission 
P.O. Box 13097, Capitol 
Austin, Texas)8111.· 

Station 
,_ 

RE: Aquifer:Exemption Request, Uranium Resources, Inc., ~ta Site. 
Pennit No. UR02880-001, Duval County 

•j:• 

Dear Mr. Beinke: 
.• · .. ,, 

I am pleased to infonn you of the. Environme,ntal Protection Agency approval 
of your request to exempt a portion of the Goliad Fonnation from the 
Underground Injection Control program requirements that no fluid may be 
injected into an Underground Source of Drinking Water (USDW). This appro~al 
is based upon the criteria stipulated in 40-··CFR 144 .7(b), 145.32, and 
146.4 containiflg regulations allowing an aquifer to be exempted if: (a) 
it is flot currently used as a drinking water·supply, and (b) it cannot 
be used as a drinking water source in· the future because it is mineral 
producing or c~n be shown by a permit app11can~ to contain minerals that 
are expec'ted fo be commercially producible. This exemption approval will 
allow injection for in-situ uranium mining only. If injection for other 
purposes (e.g~' 1hazardous waste disposal) is planned into this aquifer, 
additional approval will be needed. 

: :·:, 
The approved exeinp.ted portion of the aquifer un.derl i es t.he .Uranium. Resources, 
Incorporated, Ro·s.ita Mine Site, in Duval ·cou·nty and 1s limited to the 
Lower Goliad Formati"pn. A detailed description of the exempted.portion 
of the aquifer remains in the exemption request and subsequent corrment 
letters. · ·:· 

·~ ... ~ 

We al so wanted Yt'o address three i terns discussed during the Texas Water 
Corrmission (TWC)~ hearings concerning the Rosita aquifer exemption. These 

. items are, (1) unplugged exploration holes at the site, (2) proposed 
increase in the size of the aquifer exemption, and (3) an error stated in 
the public notice concerning the size of the area to be exempted. 

Unplugged Exploration Holes 

As indicated in our May 18, 1988, letter, we requested the TWC to address 
necessary corrective action for··unplugged exploration holes in the area 

... ~-· 



• 

• 

-2-

of review. The reply stated that a pump test must be conducted prior to 
the submittal of the application for a production area authorization. 
This will determine which boreholes must be plugged in order to prevent 
vertical migration. We find this ~pproach acceptable, but request review 
of the pump test analysis when it becomes available to ensure non-endangerment 
to USDW's. 

Proposed Increase in Exemption Area 

We have determined the proposed increase in the exemption area does 
not increase the likelihood of endangerment to USDW's. The additional 
area requested remains within the original monitor well .ring network. 

Error in the Public Notice 

We have concluded the initial TWC and EPA reviews were based on the 
1,000 acre area, not on the 81 acres under pattern. The proposed exempted 
area was not changed or enlarged from the maps submitted and the 1,000 
acre area is contained within the lease limits. All adjacent land owners 
were notified, and we have determined the TWC adequately met its public 
notice requirements. 

·. 
If you have any questions concerning this approval, please contact me or 
have your staff contact Mike Hebert at (214) 655-7160. Thank you for 
your continued cooperation. 

Sincerely yours, 

~r c. ~_,t!.-
Myron O. Knudson, P.E. 
Di rector 
Water Management Division (6W) 

cc: Charles J. Greene, TWC 
Dale Kohler, TWC 
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WATER WELLS WITHIN ONE MILE OF 

THE ROSITA PERMIT AREA 
SCALE I 24000 
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TBRC EA·14 

ENVIRONMENTAL ASSESSMENT, 
SAFETY EVALUATION REPORT, AND 
PROPOSED LICENSE CONDITIONS 

RELATED TO THE URANIUM RESOURCES INC. 
KINGSVILLE DOME PROJECT, 

KLEBERG COUNTY, TEXAS 

_ BUREAU OF RADIATION CONTROL 
TEXAS DEPARTMENT OF HEALTH 

JULY 16, 1985 
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Appendix D 

Texas Geologic History and Uranium Deposition 

South Texas uranium depo1its can best be understood when related to 
the g~olog~c past of_ Texas. The following discussion is based in part 
on Oetking 0.963). .The geologic time 1cale ii. presented in Figure 1. 

Precambrian rocks over 600 million year1 old,· such as those exposed in 
Llano County, form the geologic basement of Texas. More than 30,000 
ft of sediments were deposited on top of basement rocks in South 
Texas. During most of the firat 300 million years of the Paleozoic 
Era, shallow seas covered what is now Texas (Figure 2-a). The region 
that now constitutes Horth, Central, and West Texas slowly subsided, 
and skeletal remains of marine organisms accumulated to form limestone 
deposits. While thia region was alowly ainking, a belt along a line 
_extending through the present-day cities of Marathon, Del Rio, San 
Antonio, Dallas, and· Hot Springs, Arkansas, was sinking much faster 
(Figure 2-b). Marginal land areas to the south supplied sand and mud 
to this subsiding area. During the following 100 million years 
(Pennsylvanian and Permian periods), geologic forces compressed 
sediments in this linear depression into a long, narrow mountain 
range, now called the Ouachita Folded Belt (Figure 2-c). Remnants of 
this Late Paleozoic mountain chain are exposed today in the Marathon 
region of West Texas and the Ouachita Mountains of Oklahoma and 
Arkansas. The shallow sea covering what is now Central, North, and 
West Texas was progressively filled with sand and mud derived from 
these rising mountains. 

The coastline shifted back and forth as subsidence and sediment supply 
varied. By Permian time only a restricted sea existed over West 
Texas. Around the margin of the Permian sea, marine organisms built a 
vast barrier reef complex now exposed in the Guadalupe, Delaware, and 
Glass mountains. Reef growth further restricted .the inland sea until 
it became an evaporite basin, and over time hundreds of feet of salts 
were deposited, filling the basin. At the end of the Paleozoic Era, 
Texas was again a land area undergoing erosion. 

During the 45-50 million years of the Triassic and early Jurassic 
periods, erosion reduced the mountains of the Ouachita Folded Belt to 
lowlands. Streams flowing westward deposited sediments as red beds. 
As the mountains were eroded to low relief, the area to the south 
•tarted to aink, and the 1ea advanced northward. By early Jurassic 
time it had advanced to the 1outh edge of the Ouachita Folded Belt 
covering the southern part of what is now Texas. Like the Late 
Permian sea, it was restricted so that hundreds of feet of salt were 
deposited. Late Jurassic aedimeniation varied from open marine to 
restricted marine, resulting in the deposition of both limestone and 
anhydrite. During the 70 million years of the Cretaceous Period, the 
marginal lowland progreasively 1ubsided, and by Late Cretaceous time a 
1hallow sea covered moat of Texas. Thick deposits of limestone, 
dolomite, ahale, and aandstone were laid down. At the close of the 
Mesozoic Era, uplift to the north and west began to form the Rocky 
Mountains. The southern end of the mountain range extends into the 
Big Bend area of Texas. As the mountains rose, the bordering lands 
were a ho uplifted (Figure .. 2-d,- e). 
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Uplift of the Rocky Mountains combined with erosion and deposition of 
the transported sediment along the coast cau1ed 
relatively rapid retreat of the sea, shifting the Gulf of Mexico 
.shoreline to the south and southeast. These sediment• were coastal 
barrier sands, lagoonal deposits, tidal inlet fill, deltai~ sands, and 
fluvial channel deposits. (Figure 3). During thil .time, the area Along 
the present coast subsided rapidly, allowing thick sequence• of 
Cenozoic sediments to accumulate (Figure 2-f,- e). 

Cenozoic sedimentl in the Texas Gulf Coastal Region are of 
shallow-water, non-marine origin. The formation outcrop map 
(Figure 4) depicts surface exposures of sediments deposited during 
specific time intervals. The lithology of a formation may vary from 
place to place and may be sandy, silty, or clayey because of the 
variety of depositional modes and of source materials available from 
erosion of different source rocks. The outcrop of each formation 
trends north or northeast across Texas. from the Mexican· border to the 
Louisiana border. (Figure 5). Regional faulting, which also trends 
northeast, ia illustrated in Figure 6. The uranium deposits of South 
Texas are located within this northeast-trending belt of Cenozoic 
sedimentary rocks~ 

During the time sediments were accumulating in what would later be 
called the Catahoula Formation, the Southern Rockies in Mexico were 
undergoing massive volcanic eruptions. Thick clouds of volcanic ash 
were swept into Texas by northeasterly directed winds (Figure 7). 
Volcanic ash accumulat'ions in the Catahoula sediments were covered. by 
later sedimentary deposits. The most permeable parts of the Catahoula 
Formation are channel sands and silts deposited by river systems which · 
flowed down slope approximately perpendi·cular to· the pr~sent formation 
outcrop trend toward the ancestral Gulf of Mexico (Figure 3). ~ 
ancient channel deposits later enabled groundwater to migrate rapidly 
through the surficial volcanic ash." Uranium was leached from the ash 
and transported down gradient in the groundwater • 

The groundwater of the Catahoula Formation continued to percolate 
through highly reactive, siliceous ash. At the same time, diagenesia 
of ash in both permeable and confining layers continued to reduce 
permeability and increase aquitard efficiency. With continued burial 
(perhaps to several hundred feet), ash-rich unite that had escaped 
argillation and retained some permeability were flushed by chemically 
evolving meteoric waten (Galloway and Kaiser, 1980). 

Uplift along the Balcone1 Fault Zone marked the beginning of the 
Miocene about 25-30 million year• ago. This major uplift caused the 
sea to regresa rapidly (Galloway et al, 1979). The Oakville Sandatone 
wu depo1ited in thil period. Sediments including uranitic tuffa, 
und, arid reworked Cretaceoua.she1ls·were deposited in areat 
quantities (Sellard1 1 Adkins, and Plummen, 1932). Following ·' 
depo1ition of the Oakville sands, the Lagarto Clay was deposited 
during a transgressive aequence later in the Miocene, confinin1 the 
Oakville sandstone. 

The Goliad Formation wa1 depo1ited during the Pliocene, about ·. 
15 million year• ago. The Goliad i1 typically a coarae, cla1tic~ 
fluvial unit that was deposit'ed by a seriu of moderately low
gradient. intermittently torTential atreama that cro1aed a broad. flat 
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coastal plain in a southeastward direction. Principal drainages in 
South Texas were the ancestral Rio Grande, Nueces, Atascosa, 
San Antonio, and Colorado rivers,' The source of Goliad quartz, chert 1 

feldspar, and calcium carbonate would have been from tbe rocke of the 
Edwards Plateau and the Llano Uplift in Central Texas, as well 
as the Diablo Plateau in West Texas. The volcanic constitutents 
contained in the Goliad were likely derived from the still-active 
volcanic fields in West Texas and Northern Mexico. Since the Goliad 
overlaps older Tertiary units, it is apparent that hundreds of feet of 
Miocene and Oligocene sediments were scoured by Goliad streams, 
contributing to the massive buildup downdip of Goliad sands, which 
reach a thi.ckness of 450 ft (Adams and Smith, 1981). 

Uranium in South Texas occurs as roll-type deposits that formed at the 
margin of tongues of altered sandstone by the encroachment of 
oxidizing. uraniferous solutions into reduced aquifers containing 
pyrite (Adams and Smith, 1981). Studies by Goldhaber and co-workers 
have supported the idea that the abundance of pyrite within the sands 
reflects the introduction of hydrogen sulfide Cn2 s> up and along 
faults from hydrocarbon accumulations at depth (Goldhaber et al, 
1979). The introduction of H2S before ore formation prepared the 
sands for roll-front development, whereas post-ore introduction 
produced re-reduction of portions of the altered tongue, leaving the 
deposit suspended in reduced sandstone. 

Figures 8 and 9 show schematic cross sections through a uranium roll 
front deposit. Meteoric waters enter the aquifer· by infiltration in 
the recharge area and then move downdip.. Uranium, which is relatively 
immobile in its reduced valence state cu+4>. is oxidized and 
so"lubilizeci by the oxygenated groundwater. Once in solution the 
uranium moves with the groundwater until it encounters reducing 
conditions. In South Texas reduced zones commonly contain 
disseminated pyrite. At the generally arcuate interface between 
reducing and oxidizing zones, uranium minerals precip'itate out to form 
a "roll front" deposit. 
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B.P.= BEFORE PRESENT 
/' = DIRECTION OF 

DRAINAGE. 

400 •;ll;on years ago, the Texas 
Arch and the' Gulf Coastal Plain 
were h;ghlands. These areas rose 
slowly, and streams flowed toward 
the lowlands of west and central 
Texas. 

lOO,.CIJ0,,000 TlMI e.P. 
fl IAISIC PlllDI 

The Ouachita Folded Belt cont;nued 
to rise. Drainage began to be 
redirected toward the southeast. 
West Texas be~an to r;se rapidly. 

ANNUAL 

D 
~ 
~ 
B 

•• 
400,.(XJ(),,CXJO TlAIS •.P. 
CLOH Of SllUllM PUIOD 

SlllSIOENCE 

Li!lle or no change 

.04 to 20 inches 

.2 to 40 inchrs 

40 to 60 foches 

ANNUAL RISE 

D Littl~ or no change 

EJ .04 to .2 inches 

S .2 to .4 inches . 

e 

b 

• 
J00,.000,000 YIAIS 1.P. 
fllD-PEJ91SflVAlllM 

Rapid subsidence in Central Texas 
resulted in the development of a 
depression, today call the Ouachita 
Geosyncline. The Gulf Coastal Plain 
cont;nued to rise. Streams and 
rivers flowed toward the northwest 
and deposited tremendous amounts of 
sediment into the geosyncL;ne. 

100,000,000 fEUS l.P. 
fUl--C:llTACIDUS 

"ost of Texas was under a shallow 
sea about 100 mill;on years ago. 

c 

The Gulf Coastal Plain began to 
subside, and post-Cretaceous sediments 
were deposited along the continental 
shelf. During the- Cenozoic Era, 
sediments were depos;ted as the 
shoreline oscillated toward its 
present location. 

Tectonic forces and compression frOCll 
the south Led to the uplift of the 
Ouachita Folded Belt. 

f 

Today the Gulf Coast 
continues to subside, 
while deposition 
takes place along the 
continental shelf. 

Figure 2 General Geologic Evolution of Texas (Illustrations Modified from Renfro and Feray, 1973) 
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1. 

1 

Licensee 

Crow Butte Resources, Inc. 
[Applicable Amendment: 24] 

216 Sixteenth Street Mall, Suite 81 O 
Denver, Colorado 80202 

I 

I 
3. License Number 

SUA-1534, Amendment No. 37 

~ 
~ 
~ 
~ 
~ 

January 1, 1996 ~-
-1- . .::xpiration Date ~ 
f--~~~~~H"\--e--~~--~~~~~ 

5. Docket or ~ 

i---------------------,----'---R_e_~_re_n_c_e_N_o_._________________ ~ 

~ 
~ 
~ 
~ 
~ 
~ 
~ 

yproduct. Source. and/or 
Special Nuclear \taterial 

a. 
b. 

Natural Uranium 
Byproduct material 
as defined in § 11 e(2) 
of Atomic Energy Act 
of 1954, as amended. 

7. Chemical and/or Physical 
Form 

Any 

8. \1aximum Amount that Licensee 
May Possess at Any One Time 
Under This License 

a. 454,545 kg 
b. Quantity generated 

under operations 
authorized by this 
license. 

9. Authorized place of use shall be the licensee's c·row Butte facilities in Dawes 
County, Nebraska. 

~I 

1 O. For use in accordance with statements; descriptions, and representations contained in 
Sections 3.0, 4.0, 5.0, and 6.0 of the licensee's Environmental Report submitted by cover letter 
dated October 7, 1987; as revised by page changes submitted on December 14, 1987; January 22, 
March 28, and May 18, 1988; November 20, 1991; November 30, 1992; June 26, 1995; October 5, 
1995; and December 6, 1996. In addition, the licensee shall conduct its activities in accordance 
with the provisions in the following: 

Submittal Date 

May 23, 1988 

March 12, 1991 

May 11, 1992 

Description 

Enclosed errata sheet, replacement pages, and engineering design report 
dated April 27, 1988. 

Cover letter submitting proposed restricted area and processing flow chart 
for commercial operations. as amended by letters dated February 26, 
1993; July 27, and September 27, 1994, and April 22, 1996. 

Cover letter submitting Supplement No. 2 to the Evaporation Pond 
Engineering Design Report addressing synthetic liners. 

Notwithstanding the above, the following conditions shall override any conflicting statements 
contained. in the licensee's application and supplements. 

[Applicable Amendments: 1, 2, 3, 4, 6, 10, 11, 15, 17, 20, 21, 27, 33, 34, 35, 37) 

~ I 
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The licensee is authorized to dispose of waste byproduct material from the Crow Butte facility at the 
Energy Fuels Nuclear, Inc. White Mesa Mill in Blanding, Utah. The licensee's agreement with EFN 
constitutes an approved waste disposal plan, and the licensee shall be required to maintain the 

. agreement for inspection at its corporate office and onsite. In the event the agreement expires or is 
terminated, the licensee is required to notify the Nuclear Regulatory Commission within seven (7) 
working days of the expiration date. A new agreement must be submitted for NRC approval within 
ninety (90) days of expiration, or the licensee will be prohibited from further lixiviant injection. 
[Applicable Amendments: 5, 24, 26] 

The annual throughput shall not exceed a flow rate of 5000 gallons per minute, excluding 
restoration flow. [Applicable A"1~odments: 20, 34] 

The licensee shall nuc possess more than C:tn equivalent of 454,545 kilograms dry U30 6 at one time. 
[Applicable Amendments: 1] 

The Crow Butte production rate shall not exceed 2,000,000 pounds of U30 6 per year. 
[Applicable Amendments: 34] 

! 

Any significant changes in the process circuit as shown in Figure 3.1-1 of the October 7, 1987, ! 

16. 

application revised by a submittal dated March 12, 1991, shall require approval by the NRC in the ! 
form of a license amendment. [Applicable Amendments: 11, 24] ! 

Release of equipment or packages from .the restricted -area shall -be in accordance with the 
attachment to this license entitled, "Guidelines for Decontamination of Facilities and Equipment 
Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct or Source . 
Materials,"dated September 1984. · 

The licensee is hereby exempted from the requirements of Section 20.1902(e) of 10 CFR 20 for 
areas within the facility, provided that all ~ntrances to the facility are conspicuously posted in 
accordance with Section 20.1902(e) and with the words, "ANY AREA WITHIN THIS FACILITY MAY· 
CONTAIN RADIOACTIVE MATERIAL." [Applicable Amendments: 26] 

The licensee shall be requireu to ensure tti'-. a ·Cori:--:-rate Radiation Safety nfficer (CRSO) o. an 
alternate individual meeting the minimum education and experience requiremt::r 1cs of a CRSO, shall 
be assigned full-time to the Crow Butte facility. Documentation of the individuals' training and 
experience shall be maintained onsite by the licensee. The Health Physics Technician (HPT) shall 
have four (4) months experience with the CRSO in installation or production operations and a 
course in respiratory protection, prior to any temporary assignment to the CRSO's duties. In 
accordance with the recommendations of NRC Regulatory Guide 8.31; ·the CRSO shall be required 
to receive biannual refresher training in health physics. ·[Applicable Amendments: _ 1, 41 

19. The results of the sampling, analyses, surveys and monitoring, the results of calibration of 
equipment, reports on audits and inspections, all meetings and training courses required by this 
license and any subsequent reviews, investigations and corrective actions, shall be documented. 
Unless otherwise specified in the NRC regulations, all such documentation shall be maintained for 
a period of at least 5 years. 

20. Standard operating proeedures (SOPs) shall be established for all operational process activities 
involving radioactive materials that are handled, -processed or stored. Standard operating 
procedures for operational activities shall enumerate pertinent radiation safety practices to be 
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followed. Additionally, written procedures shall be established for nonoperational activities to 
include in-plant and environmental monitoring, bioassay analyses and instrument calibrations. 
approved, current copy of each written procedure shall be kept in the process area to which it 
applies. · 

·All written procedures for both operation and nonoperational activities shall be revie.wed and 
approved in writing by the CRSO before implementation, whenever a change in a procedure is 
proposed and at least annually, to ensure that proper radiation protection principles are being 
applied. 

An 

The licensee shall be required to use a· Radiation V''ork Permit (RWP) for all work or non routine 
maintenance jobs where the potential for significant exposure to radioactive material evists and for 
which no standard written operating procedure exists. All RWPs shall be accompanied by a 
breathing zone air sample or an applicable area air sample. The RWP shall be issued by the Crow 
Butte site Health Physics Technician (HPT) or designate, qualified by way of specialized radiation 
protection training, except when the work to be performed is in the drying .and packaging areas. 
The RWP for these areas shall be issued by the CRSO or designate, qualified by way of · 
specialized radiation protection training equivalent to the CRSO, and shall at least describe the 
following: 

A. The scope of the work to be performed. 

8. Any precautions necessary to reduce exposure tci uranium c;ind its daughters. 

C. · The supplemental radiological monitoring and sampling necessary prior to, during and 
following completion of the work. 

In addition, the CRSO's quarterly review of all no.nroutine activities shall be documented. 

The licensee shall maintain effluent control systems as specified in Section 4.1 of the license 
application dated October 7, 1987, with the following exceptions: 

If ar,y of the ye!'owcake emission cont; vi equipment fails to operate withi.n specifications set 
forth in the standard operating procedures, the drying and packaging room shall immediately 
be closed-in as an airborne radiation area and heating operations shall be switched to 
cooldown, or packaging operations shall be temporarily suspended. Packaging operations 
shall not be resumed until the vacuum system is operational to draw air into the system. 

The licensee shall, during all periods of yellowcake drying operations, assure that the 
negative pressure specified in the standard operating procedures for the dryer heating 
chamber is maintained. This shall be accomplished by either (1) performing and 
documenting checks of air pressure differential approximately every four hours during 
operation, or (2) installing instrumentation which will signal an audible alarm if the air 
pressure differential falls below the minimum level. If an audible alarm is used, its operation 
shall be checked and documented at the beginning and end of each drying cycle when the 
differential pressure is lowered. 

[Applicable Amendments: 26] 
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Occupational exposure calculations shall be performed and documented within 1 week of the end 
of each regulatory compliance period as specified in 1 O CFR 20.1201. Routine radon daughter and 
particulate samples shall be analyzed in a timely manner to allow exposure calculations to be 
performed in accordance with this condition. Nonroutine samples shall be analyzed and the results 
reviewed by the CRSO within two (2) working days after sample collection. · 

[Applicable Amendments: 26] 

The licensee shall submit a detailed decommissioning plan to the NRC for review and approval at 
least 12 months prior to planned final shutdown of mining operations. [Applfcable Amendments: 24] 

The licensee shall perfom; anJ document inspections in accordance with the Evaporation ?ond 
Onsite Inspection Program submitted December 18, 1992, and modified by submittals dated 
February 26, 1993, August 30, 1993, and February 5, 1996: 

For the R&D ponds, a minimum freeboard of 3 feet is allowed. Any time 6 inches or more of fluid is 
detected in the standpipes, it shall be analyzed for specific conductance, chloride, alkaJinity, sodium 
and sulfate. 

For the commercial ponds, a minimum freeboard of 5 feet is allowed. Any time six inches or more 
of fluid is detected in the standpipes, it shall be analyzed for specific conductance. If water quality 
is degraded beyond the action level, the water shall be further sampled and analyzed for chloride, 
alkalinity, sodium, and sulfate. · 

At all times, the licensee shall maintain sufficient reserve capacity in the evaporation pond system 
to enable transferring the contents of a paAd to the other ponds. In the event of a leak and 
subsequent transfer of liquid, freeboard require.ments shall be suspended during repairs. 

Upon verification of a liner leak, the fluid level shall be lowered by transferririg the pond's contents 
to an alternate cell. Water quality in the affected standpipes shall be analyzed for the five 
parameters listed above once ·every 7 days during the leak period and once every 7 days for at 
least 2 weeks following repairs. The NRC shall be notified by telephone within 48 hours of leak 
verifo 1tion, foliowed within 30 days by a written report. This report shall inciL i analytical data, 
describe the cause of the leak and mitigative a:tion, and the results of that actiun. 

[Applicable Amendments: 15, 24, 26, 33] 

The licensee shall maintain an area within the restricted area boundary for storage of contaminated 
materials prior to their disposal. All contaminated wastes and evaporation pond residues shall be 
disposed at a licensed radioactive waste disposal site. · 

The .licensee shall maintain an NRG-approved financial surety arrangement, consistent with 
1 O CFR 40, Appendix A, Criterion 9, adequate to cover the estimated costs, if accomplished by a 
third party, for completion of the NRG-approved site closure plan including: above ground 
decommissioning and decontamination, the cost of offsite disposal of radioactive solid process or 
evaporation pond residues, soil and water analyses and ground-water restoration as warranted. 
Within 3 months of NRC approval of a revised closure plan and cost estimate, the licensee shall 
submit for NRC review and approval, a proposed revision to the financial surety arrangement if 
estimated costs in the newly approved site closure plan exceed the amount covered in the existing 
financial surety. The revised surety shall then be in effect within-:3 months of written NRC approval. 
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30. 

Annual updates to the surety amount, required.by 10 CFR Part 4d, Appendix A, Criterion 9, shall be 
provided to the NRC by October 1 of each year. If the NRC has not approved a proposed revision 
30 days prior to the expiration date of the existing surety arrangement, the licensee shall extend the 
existing arrangement, prior to expiration, for 1 year.· Along with each proposed revision or anriual 
update, the licensee shall submit supporting documentation showing a breakdown of the costs and 
basis for the cost estimates with adjustments for inflation, maintenance of a minimum 15 percent 
contingency, changes in engineering plans, activities performed, and any other conditions affecting 
estimated costs for site closure. Since the NRC has authorized the surety instrument to be held by 
the State of Nebraska, the licensee shall also provide the NRC with copies of surety related 
correspondence submitted to the State, a copy of the State's surety review, and the final-approved 
surety arrangement. The licensee must also ensure that the NRG related portion of the surety is 
expressly identified and covers the above ground decommissioning and decontamination, the cost 
of the offsite disposal, soil and water sample analyses, and ground-water restoration associated 
with the site. The basis for the site closure cost estimate is the NRG-approved site closure plan or 
NRG-approved revisions to the plan. Annual updates_ and revised site closure plan cost estimates 
should follow the format in the attachment to this license entitled, "Recommended Outline for Site 
Specific Reclamation and Stabilization Cost Estimates." 

'· 
Crow Butte .Resources, lnQ.'s currently approved surety instrument, Irrevocable Standby Letter of 
Credit No. A5956 issued by Colorado National Bank, in favor of the State of Nebraska, shall be 
maintained in an amount no less than $6, 161·,448 for the purpose of complying with 10 CFR 40, 
Appendix A, Criterion 9, until a replacement is authorized by both the State of Nebraska and the 
NRC,_ . 

[Applicable Amendments: 7, 16, 28, 32, 35, 36, .37] 

In addition to the inspection and audit program described in Section 5.3 of the application, dated 
October 7, 1987, the Health Physics Technician (HPT) or designate shalf document a daily 
walkthrough -of the facility to determine if radiation control practices are being implemented. 

The licensee shall submit to the NRC. a copy of the ALARA report as specified in Section 5.3.4 of 
the application dat· ~ ")r-~ober 7, 1987, by Aprll 30 of each year. The n .. port shall also include a 
s•Jmmary of the daily walkthrough inspections. [Applicable Amendments: 1, 24, 35] 

. . 

The licensee shall perform monthly surveys for airborne natural uranium in the restricted area. 
Monitoring shall be done at locations specified in the licensee's submittal dated January 4, 1991, 
except one monitor location shall be added in the IX column area. Any area meeting the definition 
of an "airborne radioactive area" as described in·20.1003, shall be surveyed weekly and the cause 
of the elevated uranium levels shall be investigated. Results of these investigations shall be· 
furnished to the NRC in the annual ALARA report. 

The licensee shall perform m·onthly surveys for radon or radon progeny in the restricted area 
inhabited by workers, with the exception that radon or radon prog·eny surveys shall be increased to 
weekly if concentrations are found to exceed 8 pCi/I or 0.08 WL (Working Levels), respectively. 
Such weekly sampling shall be maintained until four consecutive weekly samples exhibit less than 
8 pCi/I or 0.08 WL. Monitoring shall be done at locations specified in the licensee's submittal dated 
January 4, 1991, as amended by the submittal dated October 5, 1995. · 

! 
! 
!! 

-~ 
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The calculation of internal exposure to radon progeny or natural uranium shall be based on a Time 
Weighted Exposure· (TWE) calculation,. considering both occupancy times and average airborne 
concentrations. 

If average occupancy times are established for each category of worker, the licensee shall conduct 
a semiannual time study to establish the basis for averaging occupancy periods. 

If any· worker reaches or exceeds 25 percent of the maximum permissible exposure limits as 
specified in 1 d CFR Part 20, based upon a calculated TWE for the week or the calendar quarter, 
dependent on the solubility of the material, the Health Physics Technician (HPT) shall initiate an 
investigation of the employee's work record and exposure history to identify t~e "'"''•re~ of the 
exposure. ..-

Necessary corrective measures shall be taken to ensure reduction of future exposures to as low as 
is reasonably achievable. Records shall be maintained of these investigations and results 
furnished to the NRC in the annual reports. 

[Applicable Amendments: 10, 12, 24, 26, 33) 

In addition to the bioassay program discussed in Section 5. 7 .5 of the application, dated October 7, 
1987, the licensee shall comply with the following: · 

A. Anytim.e an action level of 15 ug/I uranium for urinalysis is reached or exceeded, the licensee 
shall document the corrective actions which have been performed in accordance with 
Revision 1 of Regulatory Guide 8.22, dated January 1987. This documentation shall be 
submitted to the NRC as part of the.semiannual report required by 10 CFR Part 40.65. 

B. Anytime an action level of 35 ug/I for two consecutive specimens or 130 ug/I uranium for one 
specimen for urinalysis or 16 nCi uranium for an in vivo measurement is reached or 
exceeded, the licensee shall document the corrective actions which have been performed in 
accordance with Revision 1 of Regulatory Guide 8.22. This documentation shall be . 
submitted to the NRC, within 30 days of exceeding the action level. 

G. All in vivo measurements shall be perfcrrned in accordance with the recommendations 
contained in Revision 1 of Regulatory Guide 8.22. 

[Applicable Amendments: 24] 

Employees shall monitor themselves with an alpha survey instrument prior to exiting the restricted 
area. Should the results of monitoring exceed an action level of 1000 dpm/100-cm2

, employees 
shall decontaminate themselves to less than the action level. If decontamination cannot be 
accomplished, the employee shall report the incident to the CRSO for investigation. Additionally, 
the CRSO shall perform and document unannounced quarterly spot checks of employees leaving 
the process area. 

The licensee shall implement a surface contamination· monitoring and control program in 
compliance with the licensee's application, as updated by the submittal dated November 20, 1991 . 
This program shall be revised by the licensee, and reviewed and approved by NRC in· the event the 
licensee installs and operates a yellowcake dryer. Notwithstanding these submittals, the licensee 



® m fit m:titttt mm mm mm m 'iii \1'l m fit fit mm m fit \1'l mm mm Yli fit fit mill itt ill fit m ttt m \1'l w tml1 flt mm i.t( ~ 
;JI . '! 

~ 
NRC FORM 374A U.S. NUCLEAR REGULATORY COMMISSION . ?AGE ? ·:;;:: 1 O .::. ::;:: 3 • 
(7-9~) - - - -- . ~ 

l 1c<:n't: 'umti<:r -. - . ~ 

~ SlJA-1534 Amendment No 37 ~ 
~ MATERIALS LICENSE Qocket ,,r Reference .-.:umti.:r ~ 

SUPPLEMENTARY SHEET 40 8943 

shall initiate and document cleanup efforts within 24 hours in the event that action levels are 
exceeded. [Applicable Amendments: 10, 15] 

All radiation and environmental monitoring, sampling and detection equipment shall be recalibrated 
after each repair and as recommended by the manufacturer or at least semiannually, whichever is 
more frequent. In addition, all radiation survey instruments shall be operationally checked with a 
radiation source before each day's use. 

Any corporate organizational change affecting the assignments or reporting responsibilities of the 
radiation safety staff as described in the submittal dated September 8, 1994, shall conform to 
Regulatory Guide 8.3 · 

(Applicable Amendments: 26] 

DELETED by Amendment No. 12. 

DELETED by Amendment No. 15. 

Any changes to the permit area described in the license application dated October 7, 1987, as 
amended by letters dated June 7, and Deceml;>er 2, 1994, shall require approval by the NRC in the 
form of a license amendment. [Applicable Amendments: 24, 29] 

39. DELETED by Amendment No. 9. 

· 40. The results of effluent and environmental monitoring described in Table 5. 7-5 of the license 
application, as amended by the submittals-dated November 20, 1991, June 26, 1995, and October 
5, 1995, shall be reported in accordance with 10 CFR 40, Part 40.65, to the NRC. The report shall 
also include injection rates, recovery rates and injection manifold pressures .. [Applicable 
Amendments: 15, 24, 33, 34] 

Before engaging in any activity not previous.ly assessed by the NRC, the licensee shall prepare and 
record an environmental evaluation of such ac~ivity. When the evaluation indicates that such 
activity may result in a si~!· .. ficant adverse environmental impact that was not previou...,ly '.3ssessed 
or that is i;;:-eater than that previously assessed, the licensee shall provide a written evaluation of 
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such activities and obtain prior approval of the NRC in the form of a license amendment. iif. 
: 42. 

'· 

i 43. 

All liquid effluents from process buildings and other process waste streams, with the exception of 
sanitary wastes, shall be returned to the process circuit; discharged to the solution evaporation 
ponds; land-disposed in accordance with the July 27, 1988, wastewater irrigation proposal, 
submitted on August 3, .1988, and modified by cover letter and enclosed waste water irrigation 
proposal submitted on June 7, 1993; or deep well injected in accordance with the August 19, 1993 
report entitled "Hydrogeologic Review and Engineering Design for the Proposed Injection Well, 
Crow Butte Project, Dawes County, Nebraska," submitted on August 24, 1993, and modified by 
cover letter and enclosed engineering report submitted pn December 7, 1995, and by submittal 
dated April 3, 1996. · 

[Applicable Amendments: 1, 25, 33, 35] 

DELETED by Amendment No. 13. 

'i! 

I 



(11--Mfii'lll mm 'llt11Z ~ w tfl'm")f[ w m1fl'.~~ mm ltlltl'iil'. mm mm m iiZ m iii iii . -:-
if:, ~~fi FORM 374A U.S. NUCLEAR REGULATORY COMMISSION : PAGE S OF j Q "A,GES 

{i ' l License :-.;umber 

~ ·: j SL JA-1534 Amendment Na 37 
~ MATERIALS LICENSE ! Docket or Reference Number 

SUPPLEMENTARY SHEET I 40 8943 

I 

I 

: 44. At least 2 months prior to mining in each mine unit, the licensee shall submit baseline ground-water 
quality data to the NRC. The data shall be established in each mine unit at the following minimal 

45. 
' 

density: · 

A. one production or injection well per 4 acres, 
B. one upper aquifer monitor well per 5 acres, and 
C. all perimeter monitor wells. 

The data shall consist, at a minimum, of the sample analyses indicated in Appendix 2.9(a) of the 
October 7, 1987, license application. The baseline data shall support a request for a license 
amendment establishing upper control limits (UCLs) and restoration standards for each rrir:i"' uriit. 

Current UCLs and monitor well locations are designated in: 

Submittal Date 

December 31, 1990, and March 21, 1994 
January 23, 1992 
November 19, 1992 
February 7, 1994, March 16, 1995, and July 10, 1996 
September t2, 1995 

[Applicable Amendments: 13, 19, 23, 24, 29, 30, 31, 36] 

Mine Unit No. 

1 
2 
3 
4 
5 

All designated ·monitor wells shall be sampled and tested on a biweekly basis. If two UCLs are 
exceeded in a well or if a single UCL value is exceeded by 20 percent, the licensee shall take a 
confirming water sample within 48 hours and analyze it for the excursion indicators. If the second 
sample does not indicate exceedance, a third sample shall be taken within 48 hours. If neither the 
second or third indicate exceedance, the first sample shall be considered in error. 

If the second or third sample indicates an exceedance, the well in question shall be placed on 
excursion status, and the NRC shall be notified by telephone within 24 hours and within 7 days in 
writing from t:ie time the cor .1rmation sample 111tc:1~ taken. Upon confirmation of an excursion, the 
licensee shall implement a corrective action and increase the sampling frequency for the excursion 
indicators to once every 7 days. An excursion is conskjered concluded when the concentrations of 
~xcursion indicators are below the concentration levels defining an excursion for three consecutive 
1-week samples. 

[Applicable Amendments: 10, 13, 19, 23] 

A written report shall be submitted to the NRC within two (2) months of excursion confirmation .. 
The report shall describe the excursion event, corrective actions taken and results obtained. If the 
wells are still on excursion at the time the report is submitted, injection of lixiviant within the well 
field on excursion shall be terminated until such time that aquifer cleanup is complete. · 

[Applicable Amendments: 24] 

.:7. The licensee shall construct all wells .. in accordance with methods described in the October 7, 1987, L application, as amended by letter dated November 20. 1991. 

~ ~ - ~ 11q•m;1 ~ 
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The licensee shall perform well integrity tests on each injection and production· well before the wells 
are utilized and on wells that have been serviced. The integrity. test shall pressurize the well to 
125 percent of the maximum operating pressure and shall maintain 90 percent of this pressure for 
20 minutes to pass the test. At the licensee's option, a single point resistance test may be utilized . 

. If any well casing failing the integrity test cannot be repaired, the well shall be plugged and 
abandoned. 

Additionally, flow rates on each injection and recovery well, and manifold pressures on the entire 
system, shall be measured and recorded daily. During well-field operations, injection pressures 
shall not exceed the integrity test pressure at the injection well heads. 

[Applicable Amendments: 14] 

The licensee shall utilize sodium carbonate/bicarbonate as the lixiviant with· an oxygen or hydrogen 
peroxide oxidant. Any variation from this combination shall require a license amendment. 

DELETED by Amendment No. 15. 

The licensee shall maintain a log of all significant solution spills and notify the NRG by telephone 
within 48 hours of any failure which may have a radiological impact on the environment. Such 
notification shall be followed, within 7 days, by submittal of a written report detailing the conditions 
leading to the failure or potential failure, corrective actions taken and results achieved. This 
requirement is in addition to the requirements of 1.0 CFR Part 20. 

[Applicable Amendments: 24] 

Ground-water restoration and post-restoration monitoring shall be conducted in each mine unit 
consistent with the provisions in the licensee's application and Environmental Report dated 
October 7, 1987, as amended by its submittal dated November 26, 1996. The goal of restoration 
shall be returning ground-water quality, on a mine unit average, to baseline conditions. 
[Applicable Amendments: 22, 37] 

The licensee is authorized to use i"espiratory protection equipment and implement protection 
factors for the purpose of assigning an exposure to airborne radionuclides provided that the 
respiratory protection program specified in the licensee's submittal dated May 14, .1991, is 
implemented. The Radiation Safety Officer shall implement the program in accordance with 
Subpart H to 10 CFR 20, and the program shall follow the guidelines provided in NRC Regulatory 
Guide 8.15, "Acceptable Programs for Respiratory Protection." [Applicable Amendments: 12, 26] 

DELETED by Amendment No. 33. 

The licensee shall construct ponds 1, 2, and 5 in accordance with their submittal dated May 23, 
1988, as modified by thei~ July 16, 1992, submittal. In addition, the ponds shall be constructed as 
follows: 

A. Fill material shall be classified as a SM material in accordance with the Unified Soil 
Classification System. 

ii 
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8. Quality control of the fill shall be performed in accordance with the guidance provided 
for radon barrier materials in the Staff Technical Position on Testing and Inspection, 
1989. . 

. . 
C. As-built drawings shall be submitted to NRC within 3 months of completion of construction of 

each pond. 

[Applicable Amendments: 18] 

DELETED by Amendment No. 33. 

All notices or submittals to the NRC requirPd under this license shall be addressed to the Chief, 
Uranium Recovery Branch, Division of Waste Management, Office of Nuclear Material Safety and 
Safeguards. 

[Applicable Amendments: 24, 33] 

FOR THE NUCLEAR REGULATORY COMMISSION 

_/ _f.~~t-P 
~~c~. Chief . 
Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 

i, 
.! 
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I. 

Licensee 

Rio Algom Mining Corp. 
3. License Number 

9.2 

9.3 

SUA-1548, Amendment No. 9 

-+. Expiration Date 

S. Dm:ket or 
Reference No. 

March 1. 1997 

of 

Required telephone notification to NRC should be made to the Operations 
Center at (301) 816-5100. 

(Applicable.Amendments: 4, 7] 

Authorized place of use shall be the licensee's Smith Ranch facilities in 
Converse County, Wyoming. 

Authorized use is for uranium recovery from pregnant lixiviant in accordance 
with statements, descriptions, and representations contained in Sections 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, and 9.0 of the l{censee's application submitted by 
cover letter dated March 31, 1988, as revised by page changes submitted on 
May 10, June 30, and August 30, 198a; February 15, February 28, March 13, 

. l'i t 

• 
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March 20, March 28, April 5, September 30, December 5, and December 10, 1991. 
In addition, the licensee shall conduct its activities in accordance with the 
provisions in the following: 

Submittal Date 

July 13, 1990 

October 4, 1990 

April 5, 1991 

May 7, 1991 

September 3, 1991 

September 30 and 
December 16, 1993 

October 30, 1995 

Description 

Responses to NRC comments and questions, including 
aquifer pump-test analyses, and monitor-well-spacing 
calculations. 

Cover letter submitting MILDOS-Area Predictions of 
Radiation Dose. 

Letter providing proposal for waste byproduct material 
. disposal. 

Cover letter transmitting consulting historian's report 
and recommendations, proposing changes to the mine 
facilities layout. 

Cover letter assigning new Radiation Safety Officer for 
the Smith Ranch project. 

Cover letters and enclosures describing a-sand · 
well-field a_nd pilot plant operations. 

Cover letter and enclosures address~ng deep well 
injection of process waste waters • 

Regardless of the above, the following license conditions shall override any 
conflicting statements contained in the licensee'a application and 
supplements. 

l Applicable Amendr .. ..,c-._.,: 3, 7] 

Any-significant changes to the State of Wyoming mining permit area illustrated 
on Map C-1 of the licensee's March 31, 1988, application shall require 
approval by the NRC in the form of a license amendment. 

9.5. The licensee is authorized to dispose of waste byproduct material 

;· 

from· the Smith Ranch facility at the Quivira Mining Corp. tailings pile; New 
Mexico. In the event this disposal 6ption becomes unavailable, the licensee 
is required to notify the NRC within 7 working days of the expiration date. A 
new agreement must be submitted for NRC approval within 90 days of expiration, 
or the licensee will be prohibited from further lixiviant injection. 

.. 
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Yellowcake and byproduct waste material, other than samples for research, 
shall be transferred only to other source material licensees unless specific 
prior approval is granted by the NRC in the form of a license amendment. The 
licensee shall maintain permanent record of all transfers made under the 
provisions of this condition. 

9.6 Before engaging in any activity not previously assessed by the NRC, including 
activities outside the State permit area, the licensee shall prepare and 
record an environmental evaluation of such activity. When the evaluation 
indicates that such activity may result in a significant adverse environmental 
impact that was not previously assessed or that is greater than that 
previously assessed, the lice~ee shall provide a written evaluatio~ of such 
activities and obtain prior approval of the;NRC in the form of a license 
amendment. 

9.7 DELETED by Amendment No. s. 

9.8 The licensee shall provide buffer zones and construct its facilities in 
accordance with the recommendations made in its historical consultant's report 
submitted May 7, 199~, in order to pr~vent adverse effects upon historic and 
prehistoric resources found in the State permit area. Land disturbance plans 
and well-field facility design shall be coordinated with NRC and the Bureau of 
Land Management in Mills, Wyoming 

I~ ~dd~tion to the May 7, 1991, submittal, in order to assure that no 
disturbance of cultural resources occurs, the licensee shall have an 
archeological and historical artifact survey completed prior to disturbing any 
areas not addressed in its application date March 31, 1988. The results of 
the surveys, an evaluation of site eligibility for the National Register of 
Historic Places, and an analysis of the project's effect, shall be submitted 
to NRC for review and approval. No disturbance shall occur until the licensee 
has received authorization from NRC to proceed. 

In addition, all work i..1 the immediate vicini<:.y of previously undiscovered 
buried cultural resources unearthed during <:.he disturbance of land shall cease 
until approval to proceed has been granted by the NRC. 

9.9 Release of equipment or packages from the restricted area shall be in 
accordance with the previously provided guidance entitled, "Guidelines for 
Decontamination of Facilities. and Equipment Prior to Release- for Unrestricted 
Use or Termination of Licenses for Byproduct or Source Materials," dated 
September 1984. 

9.10 Standard operating procedures (SOPs) shall be established for all 
operational activities involving radioactive materials that are handled, 
processed, stored, or transported by employees. SOPs for operational 
activities shall enumerate pertinent radiation safety practices to be 
followed. In addition, written procedures shall be established for 
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nonoperational activities to include in-plant and environmental 
monitoring, bioassay analysis, and instrument calibration. An up-to
date copy of each written procedure shall be kept in each area where it 
is used. 

All written procedures shall be reviewed and approved in writing by the RSO 
before being implemented and whenever a change in a procedure is proposed. 
The RST shall document that all existing facility pr~cedures are reviewed and 
approved on an annual basis. 

9.11 The licensee shall maintain an NRC-approved financial surety arrangement,. 
consistent with 10 CFrt 40, Appendix A, Crit~rion 9, adequate to cover the 
estimated costs, if accomplished by a third;party, for completion of the NRC
approved site closure plan including; above-groµnd decommissioning and 
decontamination, the cost of offsite disposal of radioactive solid process or 
evaporation pond residues, and ground-water restoration. Within 3 months of 
NRC approval of a revised site closure plan, the licensee shall submit, for 
NRC review and approval, a proposed revision to the financial surety 
arrangement if estimated costs in the newly approved site closure plan exceed 
the amount covered in the existing financial surety. A revised surety shall 
then be in effect within 3 months of written NRC approval. 

Annual updates to the surety, required ·by 10 CFR 40, Appendix A, Criterion 9, 
sha~l be provided to the NRC by June.JO of each year. If ·the NRC has not 
approved a proposed revision 30 days prior to the ·expiration date of the 
existing surety arrangement, the··licensee shall extend the existing 
arrangement, prior to expiration, for 1 year. Along with each proposed 
revision or annual update, the licensee shall submit supporting documentation 
showing a breakdown of the costs and the basis for the cost estimates with 
adjustments for inflation, maintenance of a minimum 15 percent contingency, 
changes in engineering plans, activities performed, and any other conditions 
affecting estimated costs for site closure. The licensee shall also provide 
the NRC with copies of :ety-related co:~espondence submitted to the St.ta, a 
copy of the State's surety review, and che final approved surety arrangement. 
The licensee must also ensure that the surety, where authorized to be held by 
the State, expressly identifies the NRC-related portion of the surety and 
covers the above-ground decommissioning and decontamination, the c.ost of 
.offsite disposal, soil and water sample analyses, and ground-water restoration 
associated with the site. The basis for the cost estimate is the NRC-approved 
site closure plan or the NRC-approved revisions to the plan. The site·closure 
plan, cost estimates, and annual updates should follow the outline in the 
previously provided guidance entitled "Recommended Outline for Site Specific 
Reclamation and Stabilization Cost Estimates." 

The licensee's currently approved surety, a Parent Company Guarantee issued by 
Rio Algom Limited, shall be continuously maintained in an amount no less than 
$7,208,000 for the purpose of complying with 10 CFR 40, Appendix A, 
Criterion 9, until a repla6~ment is authorized by the NRC. The use of a 
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parent company guarantee necessitates a complete evaluation of the 
corporate parent by the NRC as part of the annual surety update. In 
addition to the cost information required above, the annual submittal 
must include updated documentation of the (1) parent company guarantee, 
(2) letter from the chief financial officer of the parent company, 
(3) auditor's special report confirmation of chief financial officer's 
letter, and (4) schedule reconciling amounts in chief financial 
officer's letter to amounts in financial statements. 

(Applicable Amendments: 2, 4, 6, 8] 

9-.12 At least 30 days r·-ior to initial testing in the commercial well fields ar.~ 

processing plant, the licensee bnall assign a radiation safety officer (RSO) 
to the site on a permanent, full-time basis. 

(Applicable Amendment: 3] 

PAGES 

9.13 Any changes to the licensee's corporate organizational structure illustrated 
in Figure 9-4 of the March 31, 1988, application, as amended by the submittal 
dated December 10, 1991, shall require approval of the NRC in the form of a 
license amendment. In the event key radiation safety staff are reassigned, 
their qualifications shall also be reviewed and approved by the NRC. 

9,-14 In addition to the responsibilities and quali:fications specified i:n Chapter 9 
of the licensee's March 31, 1988, application, as amended, the Radiation 
Safety Officer (RSO) shall be qualified as specified in Sections 1.2 and 2.4.1 
of Regulatory Guide 8. 31, "Information Relevant -to Ensuring that Occupation-al 
Radiation Exposures at Uranium Mills will be As Low As Reasonably Achievable," 
dated May 1983. The RSO shall also receive a minimum of 40 hours of related 
health and safety refresher training every two years. 

The licensee shall have a Radiation Safety Technician (RST) assigned full time 
to the s~te who shall r~p~rt directly ~ the Plant Supervisor on matterb 
dealing with radiological safety. In addition, the RST shall have access to 
the RSO at all times. The RST shall have the qualifications as specified in 
Section 2.4.2 of Regulatory Guide 8.31, and the responsibilities as specified ~ 
in chapter 9 of the licensee's March 31, 1988, application as amended. ~ 

~ 
9.15 The licensee shall have a training program for all site employees as described ! 

in Section 2.5 of Regulatory Guide 8.31, and as detailed in Section 9.3 of.the ! 
licensee's March 31, 1988, application, as amended. ! 

!! 
9.16 The licensee is hereby exempted from the requirements of Section 20.203(e) (2) ! 

of 10 CFR 20 for posting areas within the facility, provided that all ! 
entrances to the facility are conspicuously posted in accordance with 
Section 20.203(e) (2) and with the words, "CAUTION - ANY AREA OR ROOM WITHIN 
THIS FACILITY MAY CONTAIN RADIOACTIVE MATERIAL." 
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The licensee shall implement the Emergency Action Plan for Accidents as 
detailed.in Appendix G of the licensee's March 31, 1988, application, as 
amended . 

. OPERATIONAL LIMITS, CONTROLS, AND RESTRICTIONS 

PAGES 

Commercial processing plant operations shall not exceed an average monthly 
flow rate of 6000 gallons per minute, or 250 gallons per minute in the pilot 
plant, exclusive of restoration flow. Annual yellowcake production shall not 
exceed 2 million pounds. 

[Applicable Amendments: 3] 

0.2 Any major changes in the fluid-flow balance or processing plant circuit, as 
illustrated and described in Figures 3-2 and 4-3 of the licensee's March 31, 
1988, application, as amended, shall be reviewed by the RSO and shall be 
submitted to the NRC for prior approval in the form of a license amendment. 

The licensee shall maintain effluent control systems as specified in 
Section 4.1 of the license application dated March 31, 1988, with the 
follow~ng additions: 

a. Yellowcake drying operations shall be iirunediatel_y suspended if any of the 
emission control equipment for the yellowcake drying or packaging areas. 
is not operating within specifications for design performance. 

b. The licensee shall, during all periods of yellowcake drying operations, 
assure that the manufacturer recommended pressure is maintained in the 
heating chamber. This shall be accomplished by either (1) performing and 
documenting checks of air pressure differential approximately every 
4 hours during operation, or (2) installing instrumentation which will 
signal an audible alarm if air pressure differential falls below the 
manuf-~~urer's reco!l1f':endLj levels. If ar. audible alarm is used, its 
operation shall be checked and documented daily. 

c. Air pressure differential gauges for other emission control equipment 
shall be read and the readings documented at least once per shift during 
operations. 

The licensee shall perform well integrity tests on each injection and 
production well before the wells are utilized and on wells that have been 
serviced. The integrity test shall pressurize the well to 125 percent of the 
maximum operating pressure and shall maintain 95 percent of this pressure for 
10 minutes to pass the test. If any well casing failing the integrity test 
cannot be repaired, the well shall be plugged and abandoned. During wellf ield 
operations, injection pressures shall not exceed the integrity test pressure 
at the injection well heads. 
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The licensee shall utilize carbon dioxide and sod~um carbonate/bicarbonate as 
the lixiviant with an oxygen or hydrogen peroxide oxidant. Any variation from 
this combination shall require a license amendment. 

(Applicable Amendments: 8] 

The licensee is prohibited from constructing waste water evaporation ponds 
prior to NRC review and approval of pond designs and specifications. Pond 
design shall allow for sufficient reserve capacity in the evaporation pond 
system to enable the transfer of the contents of any one pond to the other 
ponds. All retention ponds ~~all be designed to meet requirements of NRC 
Regulatory Guide 3.11, Staff Position Paper No. WM-8101, and WDEQ. 

The licensee shall maintain an area within the restricted area boundary for 
storage of contaminated materLals prior to their disposal. All contaminated 
wastes and evaporation pond residues shall be disposed at a licensed 
radioactive waste disposal site. 

All liquid effluents stemming from commercial mine units, process buildings 
and process waste streams, with the exception of sanitary wastes, shall be 
returned to the process circuit, discharged to the solution evaporation ponds, 
or deep well injected. Liquid effluent resulting from 0-sand R&D well-field 
production bleed may be treated for radium removal and discharged in · 
accordance with the licensee's submittal dated September 30, 1993. 

[Applicable Amendments: 3, 7] 

Prior to mining, baseline water quality data .for the constituents identified 
in Table 5.1 of the application dated March 31, 1988, as amended, shall be 
established for each mining unit prior to mining at the following points: 
(a) all mining zone perimeter monitor wells; (b) two upper and two lower 
aquifer monitor wells per mining unit; and (c) ten production/injection wells 
per mining unit. For mining u~its ex:~2dir.g -~n acres in size, ~~seline water 
quality data shall be collected from one additional production/injection well 
for each two acres beyond the ten-acre limit. Baseline production/injection 
wells shall be evenly distributed across the mining unit. 

[Applicable Amendments: 8] 

10.10 The licensee is prohibited from conducting well-field installation in the 
southwestern part of the State of Wyoming permit area, T35N R74W, until 
aquifer characteristics have been tested, reviewed, and approved by NRC. 

10.11 The licensee is prohibited from commencing aquifer restoration prior to review 
and approval of an occupational safety plan addressing the deployment of 
chemical reducing agents in the processing plant or well fields. 
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10.12 For work where the potential for exposure to radioactive materials exists and 
for which no SOP exists, a radiation work permit (RWP) shall be required. 
Such permits shall describe the following: 

a. The scope of work to be performed. 

b. Any precautions necessary to reduce exposure to uranium and its daughters 
to levels as low as is reasonably achievable (ALARA). 

c. Any supplemental radiological monitoring and sampling required during and 
following completion of the work. Nonroutine maintenance involving 
exposure of workers to airborne particulates of uranium and its daughters 
shall require the u~ 0 of continuous br~athing zone monitoring. 

The RSO, RST, or their designees shall indicate by signature the review of 
each RWP prior to the initiation of the work. 

10.13 Any visitor~ including contractors, shall be required to register at the 
office and shall be given appropriate instruction in the areas of security, 
safety, and radiation protection, prior to entering controlled or restricted 
areas. 

10.14 The licensee shall issue to all site employees, either thermoluminescent 
dosimeters (TLD.s) or film-type dosimeters which shall be exchanged and read on 
a qu~rterly frequency. 

10.15 The licensee shall require that a~l process and maintenance workers who work 
in yellowcake areas or work on equipment contaminated with yellowcake wear 
protective clothing including coveralls and boots or shoe covers. Workers who 
package yellowcake for transport shall additionally wear gloves. 

Eating shall be allowed only in administrative offices and enclosed lunch 
areas that are separated from the process areas. 

10.17 Before leav~ng the restricted area, all process workers shall shower or 
monitor themselves using a calibrated alpha survey instrument. Meeting or 
exceeding thB radiation level of 1000 dpm/100 cm

2 
shall require personnel to 

decontaminate and resurvey themselves. The licensee shall perform spot 
surveys for alpha contamination at least quarterly on all workers leaving the 
facility. 

10.18 All radiation monitoring, sampling, and detection equipment shall be 
recalibrated after each repair and as recommended by the manufacturer, or at 
least annually, whichever is more frequent. In addition, all radiation survey 
instruments shall be operati6nally checked with a radiation source each day 
when in use. 

Prinled on recycled paper 
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10.19 Effective during the preoperational period of the Smith Ranch commercial 
·project, the '1i.censee's o-sand pilot facility operations shall be conducted in 

accoJ:."'dam:e with the licensee's September 30 and December 16, 1993, submittals. 

[Applicable Amendment: 3] 

MONITORING, RECORDING, AND BOOKKEEPING REQUIREMENTS 

Flow rates on each injection and recovery well and manifold pressures pn the 
entire system shall be measured and recorded daily. During well-field 
operations, injection pressures shall not exceed the integrity test pressure 
at the well heads. 

The licensee shal_ perform and document daily visual inspections of the 
evaporation pond embankments, fences and liners., as well as measurements of 
pond freeboard and checks of the leak detection system. Any time 6 inches or 
more of fl~id is in the leak detection system standpipes, it shall be analyzed 
for specific conductance and chloride~ If action levels for these parameters 
are exceeded, a pond leak shall be confirmed. The pond level shall be lowered 
by transferring its contents into an alter~ate cell, and repairs undertaken. 

Each monitor well shall be sampled and tested for chloride,· conductivity, and 
alkalinity on a biweekly basis. If two UCLs ar~ exceeded in a well or if a 
single UCL value is exceeded by five st~ndard deviations .6r rno~e.above 
baseline monitoring data, the licensee shall take a-confirmation water sample 
within 24 hours and analyze it for the excursion indicators. If the second 
sample does not indicate exceeda~~e, a third sample shall be taken within 48 
hours. 

If neither the second or third i~dicate exceedance, the first sample shall be 
considered in error. 

If the second or third sample indicates an exceedance, the well in question 
sh.::' 1 be p:!.3.ced on excurs.1.on status. Dur in-:; excursion status, · ·.mpling and 
testing frequency shall be increased to weekly for all monitor \,el.1.s completed 
in the same monitored zone for the effected mining unit. 

The licensee shall establish an effluent and environmental monitoring program 
in accordance with Table 5.3 of the application dated March 31, 1988, as 
amended. 

During the preoperational period of the comrne·rcial Smith Ranch project, 
environmental and in-plant monitoring shall be conducted in acco~dance with 
the licensee's September 30, 1993, submittal during a-sand well field and 
pilot plant operations, and in accordance with the submittal dated July 12, 
1991, when the 0-sand well field and the pilot plant are in deferred 
production status. All other monitoring requirements in this license shall be 
suspended where they differ from either of those submittals until lixiviant 

• 
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injection occurs in commercial well fields. Notwithstanding the July 
12, 1991, submittal, the licensee shall implement the following 
additions to its standby operations: 

a. A ground-water bleed rate shall be established in the R&D 0-sand well 
field sufficient to maintain flow into the well field from all 
directions. Ground-water gradients shall be monitored by observing water 
levels monthly in wells OM-1 ·through OM-5, OI-1, OI-2, OI-10, OI-3, and 
OT-1. Monitoring data with a water-table map shall be provided in each 
semiannual environmental monitoring report. 

b. Environmental gamma monitoring shall continue on a quarterly basis at the 
dow~wind and background locations. 

c. In-plant gamma surveys shall be completed fol1owing completion of 
yellowcake precipitation and filter press use, or semiannually, whichever 
is more frequent. Airborne uranium monitoring of the work station and 
breathing zone shall be conducted on a continuous· basis during filter 
press operation. 

(Applicable Amendment: 3] 

During commercial production, the RSO, RST, or a trained designee shall 
perform and document a-daily walk-through inspection-of all operating areas. 
The inspection's purpose is to ensure t~at all radiation protection and 
monitoring requirements are being followed. 

The licensee shall perform monthly surveys for natural uranium and radon 
progeny as shown in Figure 9-2 of the licensee's application dated March 31, 
1988, as amended. In addition, the licensee shall conduct spot surveys to 
confirm the adequacy of the yellowcake and radon progeny monitoring plan. If 
radon or radon progeny concentrations exceed 8 picocuries.per liter (pCi/l) or 
0.08 working level (WL), respectively, sampling shall be weekly until 
4 consecutive· - kly samples exribit :ess than 8 pCi/l or 0.08 WL. The 
calculation of internal exposure to radon, radon progeny, or natural uranium 
shall be based on a Time Weighted Exposure (TWE) calculation incorporating a 
consideratiun of both occupancy times and average airborne working levels or 
activity concentrations. If occupancy times are established as an average for 
each category of worker, the licensee shall also, by means of a semiannual 
time study, determine the basis upon which average occupancy periods are 
established. 

If any worker reaches or exceeds 25 percent of the maximum permissible 
exposure limits as specified in 10 CFR Part 20, based upon a calculated TWE 
for the week or the calendar quarter, dependent on the solubility of the 
material, the RST shall initiate an investigation of the employee's work 
record and exposure history to identif~r the source of the exposure. Necessary 
corrective measures ·shall be taken to ensure reduction of future exposures to 
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Records shall be maintained of 

The licensee shall perform quarterly gamma radiation surveys in enclosed areas 
at the locations specified in Figure 9-3 of the licensee's application dated 
March 31, 1988, as a~ended. In addition, the licensee shall conduct spot 
checks to confirm the adequacy of the gamma radiation monitoring plan. 

The licensee shall perform monthly alpha contamination surveys ot the facility 
laboratory and offic~s and weekly surveys of eating and change areas, as 
specified in licensee's application dated March 31, 1988, as amended. If 
samples are analyzed in the facility laboratory, the licensee shall survey all 
surfaces used for urine sae,;lle preparatL0n preceding the analyse~ as specifiec 
in Section 3.5 of Regulatory Guide 8.31.; 

If the alpha contamination levels exceed those listed in the previously 
provided guidance entitled, "Guidelines for Decontamination of Facilities and 
Equipment Prior to Release for Unrestricted Use or Termination of Licenses for 
Byproduct or Source Materials," d.ated September 1984, the area shall be 
decontaminated. 

11.10 Occupational exposure calculations shall be performed and documented within 
1 week of the end of each regulatory compliance period as specified in 
10 CFR 20.103(a) (2) and 10 CFR 20.103(b) (2). Routine radon daughter and 
particuiates shall be analyzed in a timely manner to ·allow exposure 
calculations to be performed in accordance with this condition. Nonroutine 
samples shall be analyzed and th~. results reviewed by the RST within 2 working 
days after sample collection. 

The results of the sampling, analyses, surveys, and monitoring, the 
calibration of equipment, reports on audits and inspections, all meetings and 
training courses required by this license, and any subsequent reviews, 
investigations, and corrective actions, shall be documented. Unless otherwise 
specified in th' ""RC regulations all such docume:-.tation shall be 11c 1tained 
for a period of at least 5 years. 

REPORTING REQUIREMENTS 

At least 2 months prior to lixiviant injection in each mining unit, baseline 
water quality data shall be submitted to the NRC. Upper control limits (UCLs) 
and restoration criteria shall be calculated in accordance with the ligensee's 
application dated March 31, 1988, as amended. 

a. The submittal shall propose, in the form of a license amendment, UCLs for 
chloride, conductivity, and alkalinity in all monitoring wells for each 
mining unit·. 
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b. The submittal shall propose, in the form of a license amendment, ground
water restoration criteria for each mining unit. 

Current UCLs and groundwater restoration criteria are desig~ated in: 

Submittal Date Wellfield No. 

May 27, 1997 1 
Pages Fl-Fl3; Tables Fl.2, F2.2, F3.2, F4.2) 

[Applicable Amendment: 9] 

The results of et_Luent 
the license application 
Part 40.65, to the NRC. 

and environment2l monitoring described in Table 5.3 of 
shall be reportsd in accordance with 10 CFR 40, 

The report shall also include injection rates, 
recovery rates and injection manifold pressures. 

In the event a lixiviant excursion is confirmed by ground-water monitoring, 
NRC shall be notified by telephone within 24 hours and by letter within 7 days 
from the time the excursion is confirmed. Upon confirmation of an excursion, 
the licensee shall immediately implement corrective action. An excursion is 
considered concluded when the concentrations of excursion indicators are below 
the concentration levels defining an excursion for three consecutive weekly 
samples. 

A written report shall be submitted to the NRC within 2 months of excursion 
confirmation. The report shall ~~scribe the excursion event, corrective 
actions taken and results obtained. If wells are still on excursion at the 
time the report is submitted, injection of lixiviant within the well field on 
excursion shall be terminated until the excursion has ceased and the affected 
aquifer has been remediated. 

In the event that evaporation pond standpipe water analyses indicate that a 
pond is leaking, th~ ''RC shall be notified by telephone within 48 hou=~ of 
verification. Stanapipe water quality samples shall be analyzed for the leak 
parameters once every 7 days during the leak period and once every 7 days for 
at least 2 weeks following repairs. 

A written report -shall be filed wi.th the NRC within 30 days of first notifying 
the NRC that a leak exists. This report shall include analytical data and 
describe the mitigative- action and the results of that _action. 

The licensee.shall maintain a log of all significant solution spills and 
notify the NRC by telephone within 48 hours of any failure which may have a 
radiological impact on the environment. Such notification shall be foilowed, 
within 7 days, by submittal of a written report detailing the conditions 
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leading to the failure or potential failure, corrective actions taken and 
results achieved. This requirement is in addition to the ~equirements of 
10 CFR Part 20. 

Three months prior to commencing ground-water restoration in each well field, 
the licensee shall submit a restoration plan to the NRC. The restoration plan 
shall have a goal of returning all affected ground-water constituents to 
baseline ~evels on a mining-unit average basis. 
required to demonstrate baseline conditions are 
apply any alternate standard of performance. 

The licensee shall be 
not achievable in order to 

The licensee shall submit a detailed decommissioning plan to the NRC for 
review and app~-val at least 12 months prior to planned final shutdown ~f 
min~ng operations. 

The licensee shall perform an annual ALA.RA audit of the radiation safety 
program which shall be conducted by the RSO or other authorized individual 
with equivalent qualifications, in accordance ~ith Section 2.3.3 of Regulatory 
Guide 8.31. A report of this audit shall be submitted to the NRC within 
60 days after conducting the audit. The report shall.include detailed 
summaries of the analytical results of the radiological surveys. In order to 
evaluate the ALARA objective, the licensee shall, at a minimum, review the 
following records: (a) Bioassay results including any actions taken when the 
results exceeded action levels in Table 1 ef Regulatory Guide 8.22~ "Bioassay 
at Uranium Milts," dated January 1987;- (b) Exposure .records of externa_l a·nd 
internal.time-weighted calculations (TWE); (c) Safety meeting minutes, 
attendance records, and training _program records; (d) Daily inspection log 
entries and summary reports of the monthly reviews; (e) In-plant radiological 
survey and monitoring data, as well as environmental radiological effluent and 
monitoring data; (f) Surveys required by radiation work permits; (g) Reports 
on overexposure submitted to NRC, MSHA, or the State of Wyoming; and (h) 
Reviews of operating and monitoring procedures completed during the period. 

The audi~ shall als0 ~jdress any no~·.:eable trends in personnel exposur~s for 
identifiable categories of workers and types of activities, any trends in 
radiological effluent data, and the performance of exposure and effluent 
control equipment as well as its utilization, maintenance, and inspection 
history. Any recommendations to further reduce personnel exposures or 
environmental releases of uranium or radon and radon progeny shall be included 
in the report. 

The licensee shall implement a urinalysis program as outlined in Revision 1 to 
Regulatory Guide 8.22, with the fbllowing additions: 

a. Baseline urinalysis shall be performed for all permanent employees prior 
to their initial assignment at the facility. 

b. Any time uranium in urine reaches or exceeds an action level of 
15 micrograms per lite~ (ug/l) for any worker, the licensee shall provide 



~
[ : .. : NRC FORM 374A I : (7-94) 

I:, 
I:' ,· 

i 

" 

" 

U.S. NUCLEAR REGULATORY COMMISSION 
1 

MATERIALS LICENSE 
·SUPPLEMENTARY SHEET 

License Number 

SUA-1548, Amendment No. 9 

Docket or Reference Number 
40-8964' 

documentation, in the annual ALARA audit, to the NRC indicating what 
corrective actions have been performed to satisfy the recommendations of 
Revision 1 to Regulatory Guide 8.22. 

Any time an uranium action level bf 35 ug/l for two consecutive urine 
specimens or 130 ug/l for any one specimen is reached or exceeded, the 
licensee shall provide documentation within 30 days to the NRC indicating 
what corrective actions have been performed to satisfy the 
recommendations of Revision 1 to Regulatory Guide 8.22. 

(Applicable Amendments: 8) 

FOR THE NUCLEAR REGULATORY COK.-SSION 

,/ 
,/ ---

Joseph J. Holonich, Chief 
Uranium Recovery Branch 
Division 0£ Waste Management 
Office of Nuclear Material 

Safety and Safeguards 
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l. 

2. 

Licensee 

COGEMA Mining, Inc .. 
(Applicable Amendments: 

P.O. Box 730 
Mills, Wyoming 82644 
(~~plicable Amendments: 
34] 

2, 17, 34] 
3. License Number SUA-1341, Amendment No. 47 

· ..J.. Expiration Date March 31, 19 9 5 
[Applicable Amendments: 101 

5. v0c,;:et or 
Refrrence No. 40 i50:J 

product. Source. and/or 
.>pe-:ial l'.'uckar \!aterial 

7. Chemical and/or Phy,ical 
Fu rm 

8. Maximum Amount that Licensee 
May Possess at Any One Time 
Under This License 

9. 

Uranium Unspecified Unlimited 

The authorized place of use shall be the licensee's Irigaray and Christensen Ranch 
Satellite facilities in Johnson and Campbell Counties, Wyoming. 
(Applicable Amendments: 10) 

10.1. The licensee shall conduct operations in accordance with the commit~ents, 

representations, and statements contained in Sections 3.0 and 4.0 of the Irigaray 
application dated October 31, 1985, as revised by letters dated July 28, 1987, 
September 12, 1989, and December 10, 1993 as revised by submittal dated October 30, 
1995. Also for use in accordance with statements, representations, and conditions 
contained in the October 15, 1986, "Restoration and Deco111Dissioning Plan for Malapai 
Resources Company Christensen Ranch R & D, Willow Creek Project," and in Section 5. 0 

10.2. 

of the January 5, 1988, Christensen Ranch amendment application revised by the 
September 12, 1989 submittal and the ~.cember 10, 1993 submittal as revijed ~~the 
October 30, 1395 s~~mittal. Also for ~se in accordance wi~h state~ents, 

representations, and conditions contained in letters dated November 10, 1994, 
December 21,. 1994, January 12, 1995, November 3, 1995, and June 17, 1997. Also for 
use in accordance with portions of the original January 5, 1996, license renewal 
application submittal as referenced in the final performance based license condition 
submittal dated December 13, 1996. The above are hereby incorprated by reference 
except where superseded by license· conditions below •.. 

Whenever the word "will" is used in the above referenced sections, it shall denote 
a requirement. 

A. The licensee, .without prior NRC approval, and subject to the conditions specified 
in Part B of this condition, may: 
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(l) Evaluate and commence the operation of new well fields that are within 
the NRC licensed area using the processes and procedures (including 
Standard· Operating Procedures) . presented or referenced in .. the 
December· 13, 1996, submittal (which revised the November 7, · 1996, 
submittal which revised the original August 30, 1996 request for a 
performance based license condition amendment.) 

(2) Conduc.t tests or experiments relating to the wellfield development and 
approval for operation that were not presented in the performance based 
license condition application dated December 13, 1996. 

B. The licensee shall file an ·appl.i.'"ation for an amendment to the license, unless the 
following condit~ons are .atisfied. · 

(l) The change, test, or experiment, relating to the development, evaluation, 
or operation of a new wellfield do not conflict with any requirement 
specifically stated in this license o~ impair the licensee's ability to 
meet all applicable NRC regulations. 

(2) There is no degradation in the essential safety or environmental 
commitments made in the license application, or provided by the approved 
reclamat~on plan. 

(3) The change, test, or experiment relating to the c:tevelopment, evaluation. 
or operation of a new wellfield are consist~nt with the conclusions of 
actio.ns ana·lyzed and sel~cted in the Environmental Assessments (EAs) 
dated September, 1978, and May, 1988.) 

C. The .licensee's determinations concerning Part B of this condition, shall be 
made by a· "Safety and Environmen.tel Review Panel (SERP)." The SERP shall 
consist of a minimum of three individuals. One member of the SERP shall have 
expertise in management and shall be responsible for managerial and financial 
appro-ral changes; '>ne member shall have _expertise in operations auc 'or 
consti:uccion a.:!. ....... l.L have respo::..;.L .... il~i:y .for implementing any .:..,erational 
changes; and, one member shall be the corporate radiation saf_ety officer 
(CRSO) or.equivalent, with the responsibility of assuring changes conform to 
radiati~n safety and environmental requirements. Additional members may be 
included in the SERP as appropriate, to address technical aspects such as 
health physics, groundwater hydrology, surface-wa~er hydrology, specific earth 
sciences, and othe~ technical disciplines. Temporary members or permanent 
members, other than.the three above-specified individuals, may be consultants. 

D. The licensee shall maintain records of any changes made pursuant to this 
condition until license termination. These records shall include written 
safety and environmental evaluations, made by the SERP, that provide the.basis 
for determining changes are in compliance with the requirements referred to in 
Part B of this condition. The licensee shall furnish, in an annual report to 
NRC, a description of such changes, tests, or experiments, including a summary 
of the safety and environuiental evaluation of each. In addition, the licensee 

• • 
·-~-----------------------------~~~~~mm~~mmmmmm~ 
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shall annually submit to the NRC changed pages to the Operations Plan and 
Reclamation Plan of the approved license application to re~lect changes made 
under this condition. 

[Applicable Amendments: 3, 4, 10, 12, 15, 17, 18, 20, 22, 27, 33, 34, 36, 37, 41, 
43, 45, 47) 

11. The annual plant throughput shall not exceed 2,500,000 pounds of u3o8 • 

[Applicable Amendments: 7, 9, 10, 44) 

Any significant changes in the process circuits as shown in Figure 3.14 of the 
November 3, 1995, submittal ~nd Figure 3.16 of the September i:, 19£; amenr~ent 
application, and by 'etters dated January 12, 1995, November 3, 1995, and 
June 17, 1997, shall require U. S. Nuclear Regulatory Commission approval in the 
form of a license amendment. [Applicab'.e Ai •... c'.ments: 3, 10, 11, 15, 36, 41, 47] 

Release.of equipment or packages from the restricted area shall be in accordance 
with the attachment to this license entitled, "Guidelines for Decontamination of 
Facilities and Equipment Prior to Release for Unrestricted Use or Termination of 
Licenses for Byproduct o.r Source Materials," dated September 1984. 
[Applicable Amendments: 10) 

The results of effluent and environmental monitoring described in Section 5.7.7 of 
the Irigaray application as revised by letter dated January 28, 1988, as well as 
Tables 5: 1 and 5. 2 of t.he January 5, 1988, Christensen Ranch amendment application, 
shall be reported in accordance wieh 10 CPR 40, Section 40.65, to the NRC. The 
report shall also include injection rates, recovery rates and· injection manifold 
pressures. [Applicable Amendments:· 3, 6, 8, 10) 

Before engaging in any activity not previously assessed by the NRC, the licensee 
shall prepare and record an environmental evaluation of such activity. When the 
evaluation indicates that such activity may result in a significant adverse 
envirc'Ullental impa..:t ... a+- ·o1a~ n,,t previc"J<; '-Y ·as !;esc;ed or that is ,.. :~ "'ter than +"at 
previously assessed, the licensee shall provide a written evaL1ation of such 
activities and obtain prior approval of the NRC in the form of a license amendment. 

The licensee is hereby exempted from the requirements of Section 20 .1902 (e) of 
10 CFR 20 for areas within the facility, provided that al.l entrances to the facility 
are conspicuously posted in accordance with Section 20.1902(e) and with the words, 
"Any area within this facility may contain radioactive material." 
[Applicable Amend.:ients: 36) 

The results of sampling, analyses, surveys and monitoring, the result,s o.f 
calibration of equipment, reports on audits and inspections, all meetings and 
training courses required by this license and ~ny subsequent reviews, investigations 
and corrective actions, shall be documented. Unless otherwise specified in the NRC 
regulations, all such documentation shall be maintained for a period of at least 
5 years. 

• 
!il 
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Standard operating procedures ( SOPs) shall be established for all operational 
process activities involving radioactive materials that are handled, processed or 
stored. Standard operating procedures for operational activities shall enumerate 
pertinent radiation safety practices to be . followed.· Additionally, written 
procedures shall be established for nonoperational activities to include in-plant 
and environmental monitQring, bioassay analyses and instrument calibratious. An up
to-date copy of each written procedure shall be kept in the process area to which 
it applies. 

19. All written procedures for both operational and nonoperational activities shall be 

• :: 

21. 

I. 

reviewed and approved in writing by the RSO (Radiation Safety Officer) before 
implementation and whenever ·a change in a procedure is prornsed to ensure that 
proper radiation protection principles are being applied. Additionally, the RSO 
shall perform an annual documented review of all operating procedures. 
(Applicabl~ Amendments: 10) 

The licensee shall use a Radiation Work Permit (RWP) for all work or nonroutine 
maintenance jobs where the potential for significant exposure to radioactive 
material exists and for which no standard written operating procedure exists. All 
RWPs shall be accompanied by a breathing zone air sample or applicable area air 
sample. The RWP shall be issued by the a.so or his designee, qualified by way of 
specialized radiation protection training, and shall at least describe the 
following: 

A. The scope of the work to be performed. 

B. Any precautions necessary to reduce exposure to uranium and its daughters . 

c. The supplemental radiological monitoring and sampling necessary, prior to, 
during and following completion of thr. uork. 

[Applicable Amendments: 4, 10) 

Xhe licensee shal_ ~~-ntain effluent couLrol systems as spe~ified in 
Section 4.1.2.1 of the Irigaray application with the following additions: 

A. Operations shall be immediately suspended in the dry/pack area of the mill if 
any of the ~mission control equipment for the·yellowcake drying or packaging 
areas is not operating within specifications for design performance. 

B. · The liceni;ee shall, during all periods of yellowcake drying operations, assure 
that the scrubber is operating within the manufacturer's recommended ranges 
for water flow and air pressure differential necessary to achieve design 
performance. This shall be accomplished by either ( 1) performing and 
documenting checks of water flow and air pressure differential approximately 
every four (4) hours during operation, or (2) installing instrumentation which 
will signal an audible alarm if either water flow or air pressure differential 
fall ·below the manufacturer's recommended levels. If an audible alarm is 
used, its operation shall be checked and documented daily. 
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C. Air pressure differential gauges for other emission control equipment shall be 
read and the readings documented once per shift during operations. 

[Applicable Amendments: 10] 

22. Occupational exposure calculations shall be performed and documented within one 
(1) week of the end of each regulatory compliance ·period as specified in 
10 CFR 20. 2106 (a). Routine radon daughter and particulate samples shall be analyzed 
in a timely manner to allow exposure calculati.ons to be performed in accordance with 
this condition. Nonroutine samples shall be analyzed and the results reviewed by 
the RSO within 2 working days after sample collection. 
[Applicable Amendments. 36] 

The licensee shall complete the decommissioning of the two evaporation ponds at the 
Willow Creek R & D facility as specifi1~d i.r: ti.. '"Restoration and Decommissioning 
Plan for Malapai Resources Company's Christensen Ranch R & D, Willow Creek Project" 
dated OctobP.r 15, 1986, prior to beginning mining within the pond area. The 
licensee will use applicable current NRC guidance for decommissioning such 
facilities in conducting the radiological survey~ addressed in the plan. 

The licensee shall submit a detailed decommissioning plan 
Christens_en Satellite, and any remaining Willow Creek facilities 
12 months prior to planned shutdown of mining operations. 

[Applicable Amendments: 14 t 31] 

for the Irigary, 
to the NRC at least 

24. All liquid effluents from process buildings and other process waste s·treams, with 
the exception of sanitary wastes, shall be returned to the process circuit,· 
discharged to the solution evaporation ponds, or disposed of_ ~y appropriate NPDES 
p rmit. 

Additionally, the licensee is authorized to dispose of process solutions, injection 
bleed, and restorat'~u br~n~ in th~ follow;n~ wells: 

COGEMA DW No. 1 
Christensen 18-3 
DW-1 
DW-2 

The licensee shall maintain a record of the volumes of solution disposed in these 
wells and submit it ·.n the semiannual monitoring report. [Applicabla Amendments: 
3, 13, 24, 40] 

25. The licensee shall establish baseline water quality data for all production units. 
Baseline water quality sampling shall provide representative premining groundwater 
quality data and restoration criteria as describ~d in the approved license 
application. The ~ata shall be from wells established in the mining zone, the 
mining zone perimeter, the upper aquifer an.d the lower aquifer. The data shall, at 

~ i 
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a minimum, consist of the sample analyses shown in Table 5.25 of Section 5.8.2.2 of 
the January 5, 1996, license renewal application. 

[Applicable Amendments: 4, 6, 8, 9, 10, 35,. 42·, 45] 

·26. The wells used for obtaining baseline ·groundwater quality in current and future 
production areas shall be established at the following minimal density: 

Monitored Unit Density of Welfs per Monitored Unit 

Irigaray Unit 1 sandstone 2 
Irigaray deep monito- ~~re 2 
Irigaray perimeter and ~rend 

monitor wells (Units 1-9) 70 percent of installed wells 
Irigaray and Christensen. Ranch 

ore zone baseline (restoraion) 
Christensen ore zone monitors. 
Christensen shallow zone monitors 
Christensen deep zone monitors 

1 per acre 
All except 
1 well per 
1 well per 

of pattern area 
MW-33 and MW-34 
3.5 acres of pattern area 
3.5 acres of pattern area 

Baseline groundwater quality in previously approved production areas shall be the 
mean data values (well field average) from the fella.wing submittals: 

Irigaray 

Units 1-5 
Unit 6 
Unit 7 

~pril 16, 1990 (refers to WDEQ permit 478) 

April '*' 1988 

• Units 8 and 9 

Christensen Ranch 

November 2, 1987 (Table 4) 
January 28, 1988 

" 
' I 

27. 

i 
28. 

Unit 3 
Unit 3 

Unit 2 
Un.j:t 2 
Unit 4 
Unit 5 

and Module 2 expansion 
expans~on anu 
ModL:.le 4A expansion 

south portion 
north portion 

December l, 1988 (Table 2) 
Augu~~ u, 1991 (Table 6) 

November 27, 1992 (Table 2) 
April 16, 1992 (Table 2) 
April 1, 1994 (Table 6) 
Februar.y 28, 1995 (Table 7) 

[Applicable Amendments: 6, 8, ·10, 11, 12, 21, 22, 29, 31, 34, 35 38, 45] 

DELETED by Amendment 6. 

The licensee shall establish Upper Control Limits (UCL) for each mining unit,prior 
to operation, in accordance with Section 5.8.2.3 of the January 5, 1996, license 
renewal application. UCLs sha·ll be applied to all monitor wells in conformance with 
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the original January 5, 1996, license reµewal application and appropriate SOPs. The 
UCL parameters, shall be chloride, condu~tiviti, and total alkalinity. 

If two UCL values are exceeded in a weil, the licensee shall take a confirmation 
water sample within 48 hours and analyze it for chloride, conductivity, and total 
alkalinity. If the second sample does not indicate exceedance of two UCLs, a third 
sample shall be taken within 48 hours. If neither the second or third indicate 
exceeda.nce of the two UCLs, the first ·sample shall be considered in error. 

If the second or third sample indicates an exceedance of two UCLs, the well in 
question shall be placed on excursion status and the NRC Operations Center shall be 
notified at (301) 951-0550 by t•·lephone withi_n 24 hours and within 7 dayi:: in•· ·· ... ':ing 
from the ·time the confirmation sal!'.ple was taken •. Upon confirmation of an excursion, 
the licensee shall implement a corrective action and increase the sampling frequency 
~or the excursion indicators to qnce every - days. An excursion is considered 
concluded when the concentrations of excur~ion indicators are below the 
concentration levels defining an excursion for three consecutive 1-week samples. 

·UCL's for monitor wells established prior to the issuance of this performance-based 
license c'ondition are provided in Table 5. 26 for the Irigaray site, and Table 5. 27 
for the Christensen Ranch iite, in Section 5.8.2.3 of th~ January 5, 1996 license 
renewal application. 

:°CApplicable Amendments: 3, 7, 8, 9, 10, 11,_ 12, 22, 29, 31, 32; 33, 34,· 35, ·36, 38, 
45] 

.-. 

29. In the event that a monitor well is verified to be on excursion status, the 
NRC Project Manager shall be notified, by telephone within 24 hours and within 
7 days in writing from the time the. confirmation saaple was taken. The report 
shall aescribe the excursion event, co•:rective actions taken and results 
obtained to date. 

W~itten progress report~ ~~scribing the ~T •tus of the excursion shal) ~· a 
quarterly basis until che situation has been mitigated. 

[Applicable Amendments: 3, 7, 8, 9, 10, 11, 12, 22, 29, 31, 32, 33, 34,· 35, 36, 45). 

:' 30. DELETED by Amendment No. 4. 
" 

I' 31. 
•: 
'. 
; 

,, 
' 

!' 

The licensee shall perform well integrity tests on each injection. and.production 
well before the we~ ls are utilized and on wells that have been serv~_ced. Integrity 
tests shall be performed in accordance with the January 5, 1996, license renewal 
application. Any failed well casing that cannot be repaired to pass the integrity 
test shall be appropriately plugged and abandoned. 

Additionally, injection manifold pressures and flow rates shall be mea~ured and 
recorded daily. During well-field operations, injection pressures shall not exceed 
120 psi; and 140 psi at the i'rigaray and Christensen Ranch sites respectively. 
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Also, during maintenance tasks injection.pressures shall not exceed the .integrity 
test pressures. 

[Applicable Amendments: 3, 7, 10, 45] 

The licensee shall uti:ize a sodium bicarbonate and/or co2 gas as the lixiviant with 
an oxygen or hydrogen pe~oxide oxidant. Any variation from this combination shall 
require a license amendment. [Applicable Amendments: 7) 

The licensee shall incorporate the 5!7 and USMT sites into Production Unit 10 as 
described "in Attachment 3 to the October 31, 1988, amendment application. 
(Applicable Amendments: 5 ... ,,.! :', 9, 11, 13, :6, 34) ·:7 

Solution . evaporation ponds A, B, C, D and E shall have a 2 foot freeboard 
requirement. Ponds RA and RB shall have an 8 foot freeboard requirement. The 
Christensen Ranch permeate storage ponds, brine ponds and filter backwash pond shall 
have a 2 foot freeboard. The Willow Creek R&D ponds shall have a 4 foot freeboard. 

Additionally, the licensee shall, at all times, maintain sufficient reserve capacity 
in the evaporation pond system to enable the transfer of the contents of a pond to 
other ponds. In the event of a leak and subsequent transf_er of liquid, the 
freeboard requirements shall be suspended during the repair period. 
[Applicabl~ Amendments: 10, 11, 14] 

The ·licensee shall perform and document ·.weekly visual inspections of the Irigaray 
and Christensen Ranch Satellite evapgration pond embankments, fences and liners, as 
well as measurements of pond freeboard and checks of the l~ak detection system. 
Anytime 6 vertical inches or more of fluid is in the leak detection system 
standpipes, it shall be analyzed for chloride, conductivity, pH and uranium. Should 
analyses indicate that the pond is leakin~, the HRC Operations Center at 
(301) 951-0550 shall be notified by telephone within 48 hours of verification and 
the pond level lowered by transferring its contents into an alternate cell. 
Standpipe water ~ua~~ty ~amr'es shall be ~nalyzed for the above oarameters once 
every 7 days during the leak period and once every 7 days for at ... east 2 weeks 
fdllowi~g repairs; 

A written report shall be filed with the NRC, within 30 days of first notifying the 
NRC that a leak exists. This report shall include analytical data and describe the 
mitigative action and the results of that action. 

Additionally, the licensee shall perform monthly r.hecks of the Willow Creek R&D 
ponds. Anytime 12 inches or more of fluid is in the sumps, it shall be analyzed and 
reported as discussed above. [Applicable Amendments: 4, 10, 14, 36) 

The licen·see shall maintain a log of all significant solution spills and notify the 

_11 

the NRC Operations Center at (-301) 951-0550 by telephone within 48 hours of any i 
failure which may have a radiological impact on the environment. Such notification I 
shall be followed, within 7 days, by submittal of a written report detailing the I 

,!;:;:( conditions l_eadin_g to the failure· or potential failure, corrective actions taken and ~ 
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results achieved. This requirement is in addition to the reporting requirements in 
:: 10 CFR part 40 and 10 CFR Part 20. (Applicable Amendments: 10, ~6, 45] 

\· 

: 
' 

I, 

,, 

37. The_ licensee is. authorized to dispose of byproduct material from the Irigaray and 
Christensen Ranch Satellite facilities at a site licensed by t·he NRC to receive 
byproduct material. _The licensee shall identify the disposal faci-lity to the NRC 
in writing. The licensee's approved waste disposal agreement must be maintained 
onsite. In the event the agreement expires or is terminated, the licensee shall 
notify the NRC, with 7 working days after the expiration date and identify a new 
facility. [Applicable Amendments: 19, 34) 

3c3. A. 

B. 

c. 

At least 2 month ~'rio_ co ground-Pc:.':er restoration in a m;Tii.,C"' unit, 1;.he 
licensee shall subniit to the NRC in the form of a license amendment, a plan 
for ground-water restoration and post restoration monitoring. The goal of 
~estoration shall be to return the qrovc~-water quality, on a produttion unit 
average, to baseline concentrations. 

The licensee shall implement the restoration and well_-field decommissioning 
plan dated April 16, as re_vised by the figure dated July 9, 1990, and as 
revised by the October 22, !"993, subl)littal, subject to the following: 

operate the hydrogen sulfide safety program submitted by cover letter 
dated April 1, 1991, at all times reductants are onsite. 

conduct the metal precipitant field-scale test described in the 
December 19, 1991, submittal, with the exception that the precipitant 
wil·l be utilized in the southern half of mining unit 1. Prior to full
scale utilization of the precipitant, a report describing the test and 
results shall be submitted to the Chief, Uranium Recovery Branch, 
Division of Waste Management, NMSS (T-7-J-9), Nuclear Regulatory 
Commission, 11545 Rockville Pike, Rockville, MD 20850, for review and 
approv.al. 

extend th~ :;tability mon.itor'ing period to a minimum of a "lonths. 

exclude Well T-6 from monitoring. 

The licensee shall implement the restoration and well-field decommissioning 
plan. for Ir.i,.garay Units 4-9 dated March 6, 1995, as revised by the submittal 
dated November 15, 1995. 

(Applicable Amendments: 7, 15, 16, 17, 19, 23, 25, 28, 34, 36, 43]' 

!39. The licensee ·shall maintain an NRC-approved financial surety arrangement, consistent 
with 10 CFR 40, Appendix A, Criterion 9, adequate to cover the estimated costs, if 
accomplished by a third party, for decommissioning and decontamination, offsite 
disposal of radioactive solid process or evaporation pond residues, and ground-water 
restoration as warranted. The .surety shall also include the costs associated with 
all soil and water sampling analyses necessary to confirm the accomplishment of 

•, 
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decontamination. Within 3 months of NRC approval of a revised decommissioning plan, 
the licensee shall submit for NRC review and approval, a proposed revision to the 
financia·l surety arrangement if estimated costs · · in the newly approved 
decommissioning plan exceed the amount covered in the ·existing financial surety. 
The revised surety shall then be in effect within 3 months of written NRC approval. 
Annual updates to the surety amount, required by ·10 CFR 40, Appendix A, Criterion 9, 
shall be provided to the NRC by August 18 in each successive year. Financial surety 
coverage for the full amount of the NRC-approved decommissioning cost estimate shall 
not lapse for any time period prior to license termination. 

Along with each_ proposed revision or annual update, the licensee shall submit 
supporting documentation showir.~; a_ breakdown of the costs and the basis for the cost 
estimates with adjustmeLvS for inflation, maintenance of. a minimum 15 percent 
contingency, changes in engineering plans, activities performed, and any other 
conditions affecting estimated costs for site closure. The licensee shall also 
provide the NRC with copies of surety-related correspondence submitted to the State, 
a copy of the State's surety review, and the final approved surety arrangement. The 
licensee must also ensure that the surety, wh~re authorized to b~ held by the State, 
expressly identifies the NRC-related portion of the surety and covers the cost of 
decommissioning and decontamination, off site disposal, soil and water sample 
analyses, and ground-waber restoration associated with the site. The basis for the 
cost estimate is.the NRC-approved site closure plan or the NRC-approved revisions 
to the plan. Reclamation/decommissioning plan, cost estimates, and annual updates 
should follow the outline in the attachment to SUA-1;341 entitled, "~ecomniended 

Outlin-e for· Site Spe.cific Reclamation and Stabilization· Cost Estimates." 

The. licensee's currently approved ·surety, irrevocable standby letter of credit 
number 93/832 issued by the Credit Commercial de France of New York in favor of the 
State of Wyoming, shall be continuously maintained in an amount no less than 
$14,673,542 for the purpose of complyin£ with 10 CFR :o, Appendix A, Criterion 9, 
until a replacement is authorized by both the State and the NRC. 

(Applica.bl.e Jl.mendments · 14, 17, 33, 34, '.:'J, 42, 46] 

The licensee shall maintain a restricted area boundary as shown on Figure 5.5 of the 
September 12, 1989, amendment application as modified by Figures 1 and 2 dated 
July 29, 1992. Additionally, the Christensen Ranch Satellite plant buildings shall 
represent restricted areas. The Irigaray and Christensen Ranch well-field buildings 
shall be restricted if radiological surveys indicate appropriateradiological levels. 
[Applicable Amendments: 3, 7, 9, 10, 11., 15, 28) 

The RSO shall have the health physics' authorities, responsibilities, and technical 
qualifications identified in R~gulatory Guide 8.31. 
[Applicable Amendments: 3, 10, 34] 

The RSO or his designee shall document a daily walkthrough of the Irigaray and 
Christensen Ranch Satellite facilities to determine if- radiation control practices 
are being implemented. This is in addition to the inspection and audit programs 
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described in Section 5. 3 of the Irigaray application and Christensen Ranch amendment 
application. (Applicable Amendments: 10] · 

43. The licensee shall submit to the NRC a copy of the annual ALARA report as specified 
in Section 5.3 of the Christensen Ranch amendment application within two (2) months 
of the end of the reporting period. The report shall discuss the Irigaray and 
Christensen Ranch Sate~lite facilities and. include a summary of the daily 
walkthrough inspections. [Applicable Amendments: 3, 10] 

44. The licensee shall sample particulates and radon daughters on a monthly frequency 
at the Irigaray and Christensen Ranch Satellite locations shown on Figures 5. 2 
and 5. 3 of the _September 12, 1989 amendment application. [Applicable Amendments: 
3, 10, 11, 15, J . 

If any worker reaches or exceeds 25 percent of the maximum permissible exposure 
limits as specified in 10 CFR Part 20, b~sea ?~n a calculated TWE for the week or 
the calendar quarter, dependent on the solubility of the material, the RSO shall 
initiate an investigation of the employee's work record and exposure history to 
identify the source of the exposure. 

Necessary corrective measures shall be taken to ensure that future exposures are as 
low as is reasonably achievable. Records shall be maintained of these 
investigations and results furnished to Chief, Uranium Recovery Branch, Division of 
Waste Management, NMSS (T-7-J-9), Nuc.lear. Regulatory Commission, 1·1545 Rockville 
Pike, Rockville, MD 20850, in the semiannual 10 CFR .. 40.65 report. [Applicable 
Amendments: 36, 42] 

i' 46. The licensee shall issue thermoluminescent dosimeters (TLD•) to each process 

48. 

employee. All TLDs shall be exchanged and read on a quarterly frequency. 
[Applicable Amendments: 3) 

The licensee shall implement the respiratory protection program as described in 
Attachment 6 to the October 31, 1988 amendment application. ·Additionally, the 
licenc~e shal!. perx.or1· ::-1..: cioc .. ment rar .. ic:;-; ir!:"it;o'lt smoke fit t·.;'-s on at , '!-st 
10 percent of tne respirator issuances. [Applicable Amendments: 3, 11] 

The licensee shall implement the bioassay 
Christensen Ranch amendment application. 
with the following: 

program discussed in Section 5.7.5 of th~ 
Additionally, the licensee shall comply 

A. Perform in-vivo counting of any worker whose internal exposure to radioactive 
mate.rial in any calenda·r quarter, based on time-weighted exposure, exceeds 
25 percent of the exposure which would result from inhalation of MPC 
concentrations listed in Table 1 of Appendix B to 10 CFR 20 over a period of 
l · calendar quarter. Counting shall be performed within 1 year of the calendar 
quarter. 

• 
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B. Prior to assignment at the facility, all new employees sha.11 submit a baseline 
urine sample. On ·.a monthly frequency, all employees routinely assigned to 
work in the proces.s areas shall submit urine samples. 

c. Any time an action level of 15 ug/l uranium for urinalysis or 9 nci of natural 
uranium for an in-vivo measurement is exceeded, the licensee shall provide 
documentation to the NRC indicating what corrective actions have been 
performed to satisfy the requirements of Regulatory Guide 8.22. This 
documentation shall be included and submitted with the semiannual 10 CFR 40.65 
report. 

o.. Any time an action lev , of 30 ug/l uranium for four con~~cutive specim~ns or 
130 ug/ 1 u_ranium :i:or one specimen for urinalysis or 16 nCi uranium for an in
vivo measurement is reached or exceeded, the licensee shall provide 
documentation within 30 days to the N .. C, iudicating what corrective actions 
have been performed to satisfy the requirements of Re9ulatory Guide 8.22. 

[Applicable Amendments: 10) 

If employees do not shower prior to leaving the restricted area, they shall monitor 
themselves with an alpha survey instrument prior to exiting. Should the results of 
monitoring exceed a~ action level of 1000 dpm/ 100 cm2, employees shall decontaminate 
themselves to less than· the action level. If decontaaiu.ation. canQ.ot be 
_accomplished, the employee shall report the .incident to the RSO or his designee for 
investigation. Additionally, the RSO or his desi9nee shall perform and docliment 
quarterly spot checks of employees leavin9 the restricted area. 
[Applicable Amendments: 10) . 

All radiation monitoring, sampling and detection equipment shall be recalibrated 
after each repair and as recommended by the manufacturer or at least semiannually. 
In addition, all radiation survey instruments shall be operationally checked with 
a radiation sourcP b~fore each use. 

The licensee shall implement a ground-water monitoring program as foll9ws: 

A. DELETED by Amendment No. 4. 

B. Annual sampling and ana~ysis for chloride and conductivity from 5I7 and USM'!! 
Wells M-1, NM-3, M-4, SM-1, M-219, M-220, and M-221. 

C. DELETED by Amendment No. 34. 

D. DELETED by Amendment No. 34. 

[Applicable Amendments: 4, 7, 34) 

i2. The licensee is hereby authorized to receive contaminated process equipment from 
licensed uranium recovery operators. Records of all receipts shall be maintained. 

-
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The licensee is hereby authorized to transfer source material to any facility 
licensed -by the Commission- or an Agreement State to receive source material for 
purposes of drying and storage. The licensee shall follow Standard , Operation 
Procedure No. E-11 in the event of a trans.por.tation or storage accident. 
[Applicable Amendments: 30] 

The licensee will not commence mining in the northern zone of Mine Unit 5 north of 
an imaginary line connecting wells 5MW65 and 5MW66, until two additional trend wells 
are constructed in that zone and their baseline water quality has been established. 

One we11· will be constructed at a distance not greater than 300 feet south o.f 
the pinch out where the K Sand (production zone) merges with the Deep Sand #1 
(deep monitoring zone) . Th'e pu.:pose of tl.i.; well will be to dete.::t. L e1.tial 
lixiviant migration from the K Sand into the Deep sand #1. Action levels for 
this well will be set using the ·UCLs established for the other monitoring 
~ells that are completed in Deep Sand #1 

The second well will be constructed to monitor the .lower part of the K Sand 
north of where the K Sand is split horizon_tally by a clay layer. This well 
should be located approximately on an imaginary line -that connects wells SMW12 
and SMWS. Action levels for this well will be set using the UCLs established 
for the perimeter ore zone monitoring wells. 

These two trending wells will be monitored at the same two week frequency used 
for the iarger network of monitoring wells. 

(Applicable Amendments: 38] 

The licensee will not commence mining in the lower part of the K Sand in Mine 
Unit 5.nprth of an imaginary line that connects wells SMWlO and 5MW3 until 
~dditional hydrogeologic data verifying t~e vertical isolation of the Deep 
Sand #2 from the lower part of the K ·Sand is provided and approved by NRC. 

[Applicable A~endM• ·Ls: '.l P,; 

FOR THE NUCLEAR REGULATORY COMMISSION 

Joseph J. Holonich, Chief 
Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 
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I. 

2. 

Liccn~ce 

Power Resources Inc. 
P.O. Box 1210 
Glenrock, Wyoming 82637 

Byproduct. Source, andlor 
Special Nuclear Material 

Uranium 

3. License Number 

4. Expiration Date 

5. Docket or 
Reference No. 

7. Chemical and/or Physical 
Form 

Unspecified 

SUA-1511 

August 17, 2000 

40-8857 

8. Maximum Amount that Licensee 
May Possess at Any One Time 
Under This License 

Unlimited 

SECTION 9: Administrative Conditions 

The authorized place of use shall be the licensee's Highland Uranium Proj 0 ct 
uranium recovery and processing facilities in Converse County, Wyoming. 

All written notices and reports to NRC required under this license shall be 
addressed to the Chief, High-Level Waste and Uranium Recover~ Projects 
Branch, Division of Waste Management, Office of Nuclear Material Safety and 
Safeguards, Mail Stop T 7-J-9, Nuclear Regulatory Commission, 11545 
Rockville Pike, Rockville, MD 20850. Incidents and events that require 
telephone notification shall be made to the NRC Operations Center at (301) 
816-5100. 

9.3 The licensee shall conduct operations in accordance with the conditions, 
representations, and statements referenced in the Operations Plan and 
Reclamation Plan submitted by cover letter dated July 28, 1995, and the 
license application dated May 14, 1993, which are hereby incorporated by 
reference, except where superseded b; license conditions below. 

9.4 A. 

Whenever the word 11 will 11 is used in the above referenced document, it shall 
denote a requirement. 

The licensee may, without prior NRC approval, and subject to the conditions 
specified in Part B of this condition: 

(1) Make changes in the facility or process, as presented in the 
application. 
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(2) Make changes in the procedu-res presented in the application. 

(3) Conduct tests or experiments not presented in the application. 

B. The licensee sha 11 file an application for an amendment to the license, 
unless the following conditions are satisfied.' 

(1) The change, test, or experiment does not conflict with any requirement 
specifically stated in this license (excluding material referenced in 
License Condition 9.3), or impair the licensee's ability to meet all 
applicable NRC regulations. 

(2) There is no degry;~~ion in t~e essential safety or envi~nnmental 
commitmp~+s in the license ~pplication, or provided by the approved 
reclamation plan. 

(3) The change, test, or experiment are consistent with the conclusions of 
actions analyzed and selected in the Environmental Assessment (EA) 
dated August 18, 1995). 

C. The licensee's determinations concerning Part B of this condition, shall be 
made by a "Safety and Environmental Review Panel (SERP)." The SERP shall 
consist of a minimum of three individuals. One member of the SERP shall 
have expertise in management and shall be responsible for managerial and 
financial approval changes; one member shall have expe~tise in operations 
and/or construction and shall have.responsibility for implementing any: 
-Operational changes; and, one member shall be th~.corporate ~adi~tion safety 
officer (CRSO) or equivalent, with the responsibility of assuring changes 
conform to radiation safety and environmental requirements. Additional 
members may be included in tho= SERP as appropriate, to address technical 
aspects such as health physics, groundwater hydrology, surface-water 
hydrology, specific earth sciences, and other technical disciplines. 
Temporary members or permanent members, other than the three above-specified 
individuals, may be consultants 

0. The licensee shall maintain recorGs of any changes made pursuant to this 
condition until license termination. These records shall include written 
safety and environmental evaluat1ons, made by the SERP, that provide the 
basis for determining changes are in compliance with the requirements 
referred to in Part B of this condition. The licensee shall furnish, in an 
annual report to NRC, a description of such changes, tests, or experiments, 
including a summary of the safety and environmental evaluation of each. In 
addition, the licensee shall annually submit to the NRC changed pages to the 
Operations Plan and Reclamation Plan of the approved license application to 
reflect changes made under this condition. 

The licensee shall maintain an NRC-approved financial surety arrangement, 
consistent with 10 CFR 40, Appendix A, Criterion 9, adequate to cover the 
estimat~d reclamation and closJre costs, if accomplished by a third party, 
for all existing operati?ns and any planned expansions or operational 
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changes for the upcoming year. Reclamation includes all cit~d activities 
and groundwater restoration, as well as, off site disposal of byproduct 

. material which may include evaporation pond wastes. 

Annual updates to the surety amount, required by 10 CFR 40, Appendix A, 
Criterion 9, shall be provided to the NRC at least 3 months prior to June 30 
of each year. If the NRC has not approved a proposed re.vision 30 days prior 
to the expirati6n date of the existing surety arrangement, the licensee 
shall extend the existing arrangement, prior to expiration, for 1 year. 
Along with each proposed ~evision or annual update of the surety, the 

1~ licensee shall submit supporting dbcumentation showing a breakdown of the 
costs and the basis for the cost estimates with adjustments for inflation, 
maintenance of a minimum 15 percent contingency, changes in engineeri~g 
plans, activities performed, and any other conditions affecting estimated 
costs for site closure. 

The licensee shall provide an updat~d surety for NRC approval for any 
planned expansion or operational ch~nge which has not been included in the 
annual surety update. This surety update shall be provided to the NRC at 
least 30 days prior tn the commencement of the planned expansion or 
operational change. 

-The licensee shall also provide the NRC with copies of surety-related 
correspondence submitted to the State, a copy of the State's surety review, 
and the final approved surety arrangement: The li~ensee must·also ens~re 
that the surety, where authorized to be held by th~ State, identifies the 
·NRC-rel ated port fon of the surety and covers the above-ground decom
missioning and decontaminatio~ the cost of offsite disposal, soil and water 
sample analyses, and groundwater restoration associated with the site. The 
basis for the cost estimate is the NRC-approved site closure plan or the 
NRC-approved revisions to the plan. Reclamation/decommissioning plan, cost 
estimates, and annual updates should follow the outline in the attachment to 
·suA-1511 entitled, "Recommend_ed Outline for Site Specific Reclamation and 
<;tabilization Cost' Estimates." 

Power·Resources Incorporated's currently approved surety instruments, 
Irrevocable Letter of Credit No. SFO 870IM issued by National Westminster 
Bank PLC and confirmed by National Westminster Bank USA Reference 
No. S050925, and Irrevocable Letter of Credit No. S -865154 issued by Morgan 
Guaranty Trust Company, both in favor of the State of Wyoming, shall be 
continuously maintained in the sum total amount of no less than $9,628,400 
for the purpose of complying with 10 CFR 40, Appendix A, Criterion 9, until 
a replacement is authorized by both the State of Wyoming and the NRC. 

[Applicable Amendments: 1 ] 

9.6 The licensee shall have an agreement for the disposal of ll(e)2 byproduct 
material with a facility licensed to accept such.materials. The licensee 
shall maintain the waste disposal a9reement onsite~ In the event the 
agreement expires or is t~rminated, the licensee shall attain a n~w 
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agreement within 90 days after expiration, or the licensee will be 
_.prohibited from further lixiviant· injection. 

T~e licens~e shall. have a training program for all site employees as 
described in Regulatory Guide 8.31 and a~ detailed in the Operations Plan of 
the approved license application. The Radiation Safety Officer (RSO), or 
his designee, shall have the education; training and experience as specified 
in Regulatory Guide 8.31. The RSO shall also receive 40 hours of related 
health and safety refresher training e~e~y 2 years. 

Individuals de~ignated as the Radiation Safety Te~hnician (RST) shall report 
directly to the RSO on matters dealing with radiological safety. In 
addition, the RSO shall be accessible to the RST at all times.· The RST 
shal.l have the ~ualifications specified in Regulatory Guide 8.31, or 
equivalent. Any person newly hired as. an RST shall have all work reviewed 
and approved by the Site RSO as part of a ~omprehensive training program 
until appropriate course training i- completed, and at least for 6 months 
from the date of appointment. 

9.8 Written standard operating procedures (SOPs) shall be established for all 
operational activities involving radioactive materials that are handled, 
processed, stored, or transported by employees. The SOPs shall include 
appropriate r~diation safety practices to be followed in accordance with 
10 CFR Part 20. SOPs for operational activities shall enumerate pertinent 
radiation safety practices to be followed. 

Written SOPs shall be established for non-~perational activities described 
in the Operations Plan and Re£lamation Plan of the approved license 
application dated July 28, 1995, including in-plant and environmental 
monitoring, bioassay analysis, and instrument calibration. An up-to-date 
copy of each SOP shall be kept in each area where it is used. 

All SOPs for activities described in the Operations and Recl~mation Plan of 
the approvPd license application shall be reviewed anu approved in writing 
by i:he RSO, _:r.ety Director, Env"lrJnmental Manager', o.· Operations Manager, 
as appropriate, before being implem~nted and whenever a chinge in a 
procedure is proposed. All existing facility SOPs related to activities 
involving the handling, processing, storing, or transporting of radioactive 
materials shall be reviewed by the CRSO on an annual basis. 

9.9 Release of equipment, materials, or packages from the restricted area shall 
be in accordance with, "Guidelines for Decontamination of Facilities and 
Eq4ipment Prior to Release for Unrestricted Use or Termination of Licenses 
for Byproduct or Source Materials," dated May 1987, or suitable alternative 
procedures approved by the NRC prior to any such rele2se. 

9.10 Any corporate organization changes affecting the assignments or reporting 
responsibilities of the radiation safety staff as described in the 
Operations Plan of the approved license application and as shown in the 
submittal dated July 28.,· 1995, shall conform to Regulatory Guide 8.31. 
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9.11 e lcensee 1s exemp e rom e requ1remen s o . 
of 10 CFR 20 for areas within the facility, provided that all entrances to 
the facility are conspicuously posted in accordance with Section 20.1902(e) 
and with the words, "ANY AREA WITHIN THIS FACILITY MAY CONTAIN RADIOACTIVE 
MATERIAL. II 

9.12 Before engaging in any developmental activity not previously assessed by the 
NRC, the licensee shall administer a cultural resource inventory. All 
disturbances associated with the proposed development will be completed in 
compliance with the National Historic Preservatio~ Act (as amended) and its 
implementing regulations (36 CFR 800), and the Archaeological Resources 
Protection Act (as amended) and its implementing regulations (43 CFR 7). 

In order to ens~re t~at no unapproved disturbance of cultural resources 
occurs, any work resulting in the discovery of previously unknown cultural 
artifacts shall cease. The artifacts shall be inventoried and evaluated in 
accordance with 36 CFR Part 800, and no disturbance shall occur until the 
licensee has received authorizatio. from the NRC to proceed. 

SECTION 10: Operations, Controls, Limits, and Restrictions 

10.1 The licensee shall use a lixiviant composed. of native groundwater, carbon 
dioxide gas, and oxygen gas or hydrogen peroxide, as described in the 
Operations Plan of the approved. license application. Any variation from 
this combination shall require a license amendment .. 

10.2 The licensee shall perform mechanical well integrity tests on each injection 
and production well before the wells are utilized and on wells that have 
been serviced. Integrity tests shall be performed using techniques approved 
in the Underground Injection Control program administered by the State of 
Wyoming and the Operations Plan of the approved license application. Any 
failed well casing that cannot be repaired to pass the integrity test shall 
be plugged ~nd abandoned. 

10.3 Baseline groundwater quality sampling shall provide representative pre
mining groundwater quality data and restoration criteria as described in the 
Operations Plan of the approved license application. The data shall, at a 
minimum, consist of the following sampling and analyses: 

A. Two separate samples shall be collected at least 14 days apart from 
monitoring wells completed within the mineralized zone production 
patterns (MP-Wells). Samples ~hall .be analyzed for alkalinity, 
ar.~onium, arsenic, barium, bicarbonate, boron, cadmium, calcium, 
carbonate, chloride, chromium, copper, electrical conductivity, 
fluoride, iron, magnesium, manganese, mercury, molybdenum, nickel, 
nitrate, pH, potassium, radium-226, selenium, sulfate, total dissolved 
solids, uranium, vanadium. 

B. After completing the above described sampling, two separate samples 
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shall be tollected at least 14 days apart in the MP-Wells and analyzed 
for bicarbonate, chloride, electrical conductivity, sulfate, total 
dissolved solids, iron, pH, selenium, uranium, and radium. Arsenic 
and/or fluoride shall also be analyzed if either constituent is 
measured above the detection limit from the sampling performed under 
Part A of this condition. 

C. At monitoring wells completed in the ore zone and surrounding the 
perimeter of the pattern areas (M- and T-Wells), one sample shall be 
collected and analyzed for the parameters described in Part A of this 
condition, and three additional samples collected and analyzed for 
chloride, bicarbonate, and electrical conductivity. All samples shall 
be collected at least 14 days ap~rt. 

O. At monitoring wells completed in the overlying and underlying zones 
(MO- and MU-Wells), two samples shall be collected and analyzed for the 
parameters described in Part A of this condition, and two additional 
samples collected and analyzed for cnloride, bicarbonate, and 
electrical conductivity. All· samples shall be collected at least two 
weeks apart. · 

10.4 The wells for establishing baseline groundwater quality in each m1n1ng unit 
shall consist of the following, in accordance with the Operations Plan of 
the approved license application and appropriate SOPs: (1) all mining unit 
perimeter monitor wells, (2) an adequate number of upper and lower .aquifer 
monitoring wells to provide representative coverage for detecting vertical 
excursions of all production pattern areas within a wellfield, and (3) at 
least one production zone monitor well per 3 acres of production pattern 
area. A minimum of five of th~se wells shall be installed per mine unit. 

To ensure the total satellite capacity is not exceeded, the annual 
throughput shall not exceed an average flow rate of 7500 gallons per minute, 
exclusive of restoration flow. Yellowcake production shall not exceed 
1.897 million pounds annually. 

10.6 Radium settling ponds shall have at least 3 feet of freeboard. The 
Satellite 1 and Satellite l purge storage reservoirs shall have at least 4 
feet of freeboard. The licensee shall at all times maintain sufficient 
capacity in the Satellite 1 purge storage reservoirs to enable transferring 
the contents of any one radium settling pond to the reservoir. In the event 
of a radium settling pond leak and subsequent transfer of liquid, the 
freeboard requirements for the purge storage reservoir may be suspended 
during the repair period. 

10.7 All liquid effluents from process buildings and other process waste streams, 
with the exception of sanitary wastes, shall be disposed of as described in 
the Operations Plan of the approved license application. 

The licensee shall mai~tain effluert control systems as specified in 
Sections 9.1.3 and 9.1.4 of the Operations Plan of the approved license 
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application with the following additions: 

A. Operations shall be immediately suspended in the dry/pack area of the 
facility if any of the emi~sion control equipment for th~ ye1·1owcake 
drying or packaging areas is not operating within specifications for 
design performance. 

8. The licensee shall, during all periods of yellowcake drying operation~, 
- assure that· the scrubber is operating within the man~facturer's 

recommended ranges for water flow and air pressure differential 
necessary to ach~eve design performance. This shall be accomplished by 
either ( 1) perf~f"mi ng and docume.1t i ng checks of water fl ow and a,~,,~ 
pressure differential approximately every four (4) hours dur.ng 
operation, or (2) installing instrumentation which will signal an 
audible alarm if either water flow or air pressure differential fall 
below the manufacturer's recommended levels. If an audible alarm is 
u~ed, its operation shall be ch~cked and documented daily. 

C. Air pressure differential gauges for other emission control equipment 
shall be read ard the readings docur,;ented orice per shift during 
operation~. -

10.9 The licensee shall be required to use a Radiation Work Permit (RWP) for all 
work or nonroutine maintenance jobs where the potential for significant 
expbsure to radioactive material e~ists and for which no standard written 

10.10 

10.11 

"operating procedure exists. All RWPs shall be accompanied by a breathing 
zone air sample or an applicable area air sample. The RWP shall be issued 
by the RSO, or his designate ·qualified by way of specialized ra.diation 
protection training, and. shall at least desc.rib~ the following: 

A. The scope of the work to be performed, 

B. Any precautions neces~ary to reduce exposure to. uranium and its 
daughters, · 

C. The supplemental radiological mon~toring and sampling necessary prior 
to, during, and following completion of the work, and 

D. A review and documentation by the RSO of all nonroutine activities. 

Any visitor, including contractors, shall be required to register at the 
main office and shall be appropriately instructed in security, safety,_ and 
radiation protection prior to entering process areas. Visitors, including 
contractors, shall be required to register at a designated sign-in station 
and shall be instructed in seturity, safety, and radiation protection, when 
appropriate, prior to entering a wellfield. 

The licensee shall ~equire.that all process and maintenance workers who work 
in uranium recovery areas; or work on equipment contaminated with 
radioactive materials, ~ear the proper. protective clothing and personal 
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to pro~ide.adequate worker protection 

Within restricted areas, eating shall be allowed only in designated eating 
areas. 

Before leaving any restricted area, all process workers shall shower or 
monitor themselves in co~formance with Regulatory Guide 8.30. In addition, 
all radiation survey instruments shall be operationally checked in 
conformante with Regul~tory Guide 8.30. 

All radiation monitoring, sampling, and detection equipment.shal1 be 
recalibrated af~er each repair and as recommended~by the manufacture-, or at 
least annually, whichever is more frequent. In addition, all radiation 
survey instruments shall be operationally checked with a radiation source 
each day when in use. · 

The licensee <::f-iall maintain an area withir. the restricted area bo·undary for 
temporary storage of contaminated n1aterials, All contaminated.wastes and 
evaporation pond residues shall be disposed at a licensed radioactive waste 
disposal site licensed to accept llle)2 byprod~ct material . 

. . 
SECTION 11: Monitoring, Recording, and Bookkeeping Requirements 

11.1 Flow rates for production wells shall be measured and recorded on a daily 
basis. Injection flow rate~ shall be measured and recorded at least every 
3 days. 

Wellfield monitoring wells at operating are&s, excluding_ groundwate~ 
restoration, shall be monitored at .no more than 14 days apart, in accordance 
with the Op"rations Plan ·of the approved license appl~cation. 

11.3 The licensee shall establish Upper Control Limits (UCLs) for each mining 
unit, prior to operation, in conformance with the Operations Plan of the 
approved license application and appropriate SOPs. The UCL .parameters shall 
be chloride, bicarbonate, and electrical conductivity. UCL criteria shall 
be calculated as described in the Operations Plan of the approved license 
application. UCLs shall be applied to all monitor wells in conformance with 
the Operations Plan and the Reclamation Plan of the license application. 
Lixiviant excursions shall be ~erified and monitored in conformance with the 
Ope~ations Plan and approp~iate SOPs. Corrective actions for confirmed 
excursions may be, but are not limited to, those described in the Operations 
Pl an. 

11.4 The licensee shall establish an effluent and environmental monitoring 
program in accordance with the Operatioris Plan of the approved license 
application and the WDEQ-Water Quality Division Wastewater Land Application 
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Permit No. 92-077 dated April 16, 1992, and Table 7 of the "WDEQ-Water 
Quality Division Application for Satellite No. 2 Wastewater Land 
Application-facility," dated September 30, 1993. Prior to release for 
unrestricted use,. the licensee shall demonstrate that radionuclide levels 
meet applicable criteria. , 

11.5 The results of the following activities, operations, or actions shall be 
documented: sampling; analyses; surveys or monitor~ng; survey/monitoring 
equipment calibrations; reports on audits and inspections; all meetings and 
training courses required by this license; and any subsequent reviews, 
investigations, or corrective actions. Unless otherwise specified in the 
NRC regulations, all such documentation shall be maintained for a pP~iod of 
at least fite (5) years. 

During production, the RSO, RST, or a trained designee shall perform and 
document a daily walk-through inspection of all'operating areas to ensure 
all radiation protection and monitoring requirements are being followed. 

11.7 The.licensee shall perform alpha crntamination surveys of the change rooms, 
eating areas, and offices in confor.11anCf' with Regulatory Guide 8.30. If 
bioassay samples are analyzed in house, the licensee shall survey labriratory 
work surfaces as specified in Regulatory Guide 8.31. 

·, 

11.8 Occupational expos4re calculations shall be performed and documented within 
1 week of the end of each regulatory compliance period as specified .in 10 
CFR 20.1201 and 10 CFR 20.1204(d). ~outine radon daughter and particulate 
samples shall be analyzed in a timely manner to allow exposure calculations 
to be performed in accordanc~with this condition. Nonroutine samples shall 
be analyzed and the results reviewed by the RSO within two (2) working days 
after sample collection. 

11.10 

11.11 

The pipeline that transports waste water from the Satellite 2 to Satellite 1 
treatment facility shall be monitored as follows: 

A. Standpipes shall be utilized at lOQO-foot intervals along the pipeline 
route for leak detection. Standpipes shall be monitored for leak 
detection and integrity on a monthly basis. All observations and 
maintenance checks shall be recorded. 

B. Logs for pump rates and volumes shall be maintained on a.daily 
frequency. 

The licensee shall implement a urinalysis program as outlined in Regulatory 
Gui4e R.22 and the Operations Plan of the approved license ~pplication. 

The licensee shall perform and document a daily visual inspection of the 
waste solution disposal system. The NRC shall be notified by telephone 
within 48·hours, in a~cordance with License Condition 9.2, if an inspection 
indicates that a non-routine, unanticipated discharge has taken place. 
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A written report shall be filed with the NRC,· in accordance with License 
Condition 9.2, within 30 days of f~rst notifying the NRC that a non-routine, 
unanticipatecr·d:ischtrr<Je .. ·1ncidenl•·occurred." This report-shall fnclua'e ':•'· 
analytical data and describe the mitigative actions and the results of that 
action. · 

SECTION 12.0: Reporting Requirements 
. . 

12.1 In conjunction with b.aseline water quality data, hydrologic test results 
depicting hydrologic properties shall be conducted in conformance witn the 
Operations Plan of the approv~d license application and apprc .. riate SOPs. 
The ~ata, results, and findings of the hydrologiC testing shall be 
documented in a report and mai~tained until wellfield restoration is 
com~leted and approved by NRC. 

12.2 The results of effluent and environmental monitoring shall be reported to 
the NRC tn accordance with 10 CFR 40.65. This report shall also include the 
following: 

A. Results from employee uririalyse~ if an exposure exceeds action levels 
described in t~e Operations Plan of the approved license application. 

8. Injection rates, recovery rates, and injection trunk-line pressures for 
each satellite facility. 

-
C. Water quality analyses and monitoring results, as required by WDEQ 

permit, for the operatir1':l irrigation sprinkler· systems. 

Monitoring data shall be reported in the format shown in the NRC guidance 
entitled, "Sample Format for Reporting Monitoring Data." 

12.3 In the event a lixiviant excursion is rJnfirmed by groundwater monitoring, 
NRC shall be notified by telephone within 24 hours and by letter within 
7 days from the time th.e excursion is confirmed, in accordance with License 
Condition 9.2. In addition, a written report shall be submitted to the NRC 
within 60 days of excursion confirmation. ·The report shall describe the 
excursion event, corrective actions taken, and results obtained. If the 
excursion is not controlled at the time the report is submitted, the 
lic~nsee shall suspend injection of lixiviant within the mining unit 
including and adjacent to the well on excursion until such time as the 
excursion is considered controlled or has been terminated. If, at the time 
of repordng, the licensee can demonstrate that the excursion is controlled, 
the .license~ may inject lixiviant at a rate which does not change or hinder 
the trend in groundwater quality improvement. 

·control of an excursion shall be demonstrated by groundwater quality and 
water level data, which $how that the degraded water plume has not increased 
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1n extent, and show that the groundwater quality of the impacted area is 
improving. 

12.4 In the event radium settling pond analyses indicate that an impoundment is 
leaking, the NRC shall be notified by telephone within 48 hours of 
verification, in accordance with License Condition 9.2. Standpipe water 
quality samples shall be analyzed for chloride and conductivity once every 
7 days during the leak period and o~ce every 7 days for at least 2 weeks 
following repairs. Additionally, water samples collected at the pond 
standpipe shall be analyzed for the full suite of parameters as defined in 
the WDEQ, Land Quality Division, Guideline 8, Appendix 1, at least once per 
month during the l eal<..""·~·"8r i od. 

A written report shall be filed with the NRC within 60 days of first 
notifying the NRC that a leak exists. This report.shall include analytical 
data, describe mitigative action, and discuss the results of that action. 

12.5 The licensee shall report incidents in accordance with 10 CFR 20.2202. 
Additionally, 1 month subsequent to a reportable incident, a written report 
shall be submitted to the NRC detailing the conditions leading to the 
incident, corrective actions taken, and results achieved. 

12.6 The licensee shall conduct restoration activities in accordance with the 
groundwater restoration plan included in the Reclamation Plan of the 
approved license application. The primary goal of restoration shall be to 
return the groundwater quality, on a production unit average, to baseline 
conditions. A secondary goal of returning the groundwater to a quality 
consistent with the premining·use or uses, in accordance with the 
Reclamation Plan of the approved license application. 

The licensee shall submit a det~iled decommissioning plan to the NRC for 
review and approval at least 12 months prior to· final shutdown of mining 
operations. 

12.8 An audit team comprising licensee management shall perform an annual ALARA 
audit of the radiation safety program in accordance with Regulatory 
Guide 8.31. The RSO shall accompany the audit team. A report of this audit 
shall· be retained on site for NRC inspection. ·The report shall also 
summarize the results of the daily walk-through ins~ections. 

FOR THE NUCLEAR REGULATORY COMMISSION 

~~ . ./~ t:
Joseph J. Holonich, Chief 
Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 
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wYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY 
LAND QUALITY -DMSION · · "! 

GUIDELINE NO. 4 

In-situ MINING 

.. 
This document is a guideline only. Its contents are not to be interpreted by applicants, operators, 

or LQD staff as mandatory. Its preparation is the result of numerons requests from applicants and 
operators for guidance in preparation of a comprehensive application or 'amendment. If an operator 
wishes to pursue other alternatives, they are encouraged to discuss.these alte~ves with the LQD staff. 

This guideline is intended to be comprehensive and all headings may not apply to all operators. 
A table of contents is provided to direct the applicant to the appropriate topic for individual pemiitting 
needs. · .: 

RP/2-80, SU4-89, RD/2-90 
SH/1-88, RD/8-89 
Rules Update/8-94 1 
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Step 4. Recalculate the tolerance interval including the value 105.0, but excluding the value 66.0. 

x = 89.13 
S.D. = 5.77 
k(n=54) = 3.094 

' ' ~ ( ' . . \ , -•, ' 

. x + kS 
89.13 + (3.094 x 5.77) 
(71.3 to 107 .0) 

At an alpha= 0.05 and p = 0.99, one can·assert with a·degree of confidence (1 -alpha) thatthe'. 
proportion of the population of possible alkalinity values contained between 71.3 and 107 .0 mg/L · 
as eaco, is at least 99 percent. The use of an alpha- 0.05 is based solely·on the historical· use. 
of this ·alpha value ~r statistical evaluations of hydrology data, while the 99% proportionality 
value is used because it is the highest value for which k values are available. 

Note: For a given sample si7.e (n) of 100, only one value should be expected to be discarded 
as an outlier when it may actually be a representativt> value. 

Step S. At this point, the iterative process of calculating tolerance intervals for outlier detection 
is. complete. The conclusion is that the value imJ2 is considered an outlier and will be 
discarded from the data base. · 

Note: If one or more wells have parameter values that,contain a relatively large number of 
outliers (See Appendix E), then these wells should be treated separately as an additional 
baseline data base for one or more UCL parameters • 

F. Calculation of UCL Values 

Upper control limits are needed to detect the uncontrolled migration of contaminants 
outside of a well field in either a lateral or vertical direction. The use of UCLs for 
conservative parameters provides a reliable basis for deteqnining ·when an excursion · 
occurs. 

The establishment of UCL values based on the variability of the baseline data base is 
recommeooed. The use of a baseline mean value plus three standard deviations for 
calculating NPDES standards was proposed by the National Academy of Scienee (1977) 
in a report to the EPA. Using parameter values that follow a normal distribution, the 
probability of a single observation falling beyond the boundary designated as X + 3 S .D. 
is 0.00135, or 0.135 percent. Such an occurrence is considered so rare that in the event 
the upper boundary is exceeded, the operating company is determined to be in violation 
of the effiuent regulation. However, if different methods or laboratories are used to 
an8Ip.e collected water samples after the baseline data base has been established, then the 
calculated probability of exceeding UCL values. may be less accurate. 

The rationale used to evaluate the adequacy of various methods to calculate UCLs is 
based on two criteria: 

RP/2-80, SI/4-89, RD/2-90 
SH/1-88, RD/8-89 
Rules Update/8-94 38 
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(1) the UCL for any parameter should not be exceeded in the baseline data base 
after it has been screened for outliers, and (2) the UCL for any parameter should 
be capable o~ detecting an excursion event within one or two sample collections 
(based on a 2-week sampling interval). These criteria are based on minimizing 
the probability of committing a Type I and Type Il error. In ge:iieral, the 
preferted method is one.th~' results in the highest.UCL value while ·still being 
cai>able of detectmg an excursion event. 

·='-· 

A method that uses the baseline mean plus 5 standard deyiations is the recommended_ .. 
method for calculating UQa. Use of this-proposed method should result.in·adequate ···: .. 
excursion control, yet minimi:ze.the.possibility.of.incorrectly placing wells.in excursion .. 
status. 

For situatio~ where chloride values are very low and. show little variation during 
baseline data collection, the LQD is willing to consider allowing the upper control limit 
for chloride to be set at the average baseline value plus 15 mg/L .if that value is great.er 
than the average baseline value plus five standard deviations. This option will only be 
considered for chlorjde. 

Trend Wells 

The use of trend wells has enabled in-sitll operators to detect an excursive groundwater 
plume prior to the plume reaching exemsion monitoring wells. Parameter value changes 
in a trend well can signal a water balance problem in the active well field that_ may not 
be otherwise evident to the ·operator. these wells are typically located between the 

. injection/production wells and the monitor wells in the active well field. Water-quality 
analyses of samples collected from trend wells will not result in regulatory corrective 
action. Their· use is as a preventive measure· to allow greater operational control of 
wellfield fluids and to decrease- the possibility of having to halt production to restore a 
much more extensive plume of mine fluids had an excursion been d~tected at the 
excursion-monitoring wells. · 

RP/2-80, SI/4-89, RD/2-90 
SH/1-88, RD/8-89 
Rules Update/8-94 39 
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HR I, Inc. 

Memo 
To: Mark Pelizza 

From: Craig Bartels 

Date: 5-Nov-97 

Re: Outlier Analyses of UCL Parameters for Mobil's 1982 Unit 1 Data 

Mark, I have looked at Mobil "Operating Area 1 n data from 1982 with respect to 
UCL's and outliers in the parameters to be used for our bi-weekly groundwater 
monitoring in New Mexico. As you will note, there are obvious problems with UCL's 
calculated with the COMPOSITE WELL AVERAGE plus THREE standard deviations , 
(three standard deviations, instead of HRl's proposed five, may be required by the 
U.S. EPA). We need to discuss the ramifications (and its timing) of this on our New 
.M~xico ISL operations. 

Eight tables are attached which. show results of the st~tistical analy~es on 
conductivity, bicarbonate and chloride. As you know, these are the proposed 
elements for excursion sampling at HRl's New Mexico uranium projects. [FYI: Rio 
Algom's Smith Ranch mine, the latest ISL project licensed by the NRC, uses 
conductivity, ALKALINITY and chloride for excursion parameters.] In addition, I have 
attached the Nebraska DEQ permit requirements for calculating UCL's at the Crow 
Butte project. The UCL calculation methods used by Crow Butte (Nebraska), 
Cogema (Christensen Ranch, Wyoming), Rio Algom (Smith Ranch, Wyoming) and 
PRI (Highland, Wyoming) are discussed at the end of the memo. 

The analyses here include water quality data for the twenty production zone monitor 
wells, which surrounded Mobil's Unit 1 operating area. Each of these monitor wells 
had two water samples taken in 1982 for baseline. I did not include the restoration 
baseline wells, since only monitor wells will have UCL's determined for the routine, 
excursion sampling program for ISL. Monitor well 1SL17 was not included because it 
was the twin of 15L 17A 
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The "k" factor tolerance limits were calculated as described in the Wyoming DEQ 
Guideline No. 4, In-situ MINING, which you indicate is the same procedure as shown 
in the U.S. EPA RCRA statistical guideline: Statistical Analysis of Ground-Water 
Monitoring Data at RCRA Facilities, Interim Final Guidance (Chapter 8, A Discussion 
of Outliers). The tolerance limits were determined for an a = 0.05 ar:id p = 0.99, 
meaning: there is 95% (1-a) confidence that 99% (p = 0.99) of the parameter 
POPULATION falls with the interval determined by the parameter average ± ("k" 
factor) (sample standard deviation). 

The tables attached here have the same basic format to ease comparisons between 
them, except for Table 4 and slight differences in Table 3b. Generally, the tables 
show the forty individual lab analyses for a particular parameter, the usual composite 
statistics of average and standard deviation, the "k" factor and outlier analysis, a 
"frequency" table and histogram, and a plot relating the individual chemical 
measurements to the UCL's calculated at 3 & 5 standard deviations . 

. HRl's proposed method .of UGL calculation is to add FIVE standard deviations to the 
COMPOSITE parameter. AVERAGE of all samples of all wells. This single UCL 
would then be used for all monitor wells. The U.S. EPA seems to favor three 
standard deviations (S.D.) instead of five, so 3 S.D. is also considered here. 

Table 1a includes the forty conductivity measurements for the data considered here. 
No outliers were found using the "k" factor approach. However, one h.igh analysis of 
455 µmhos/cm was observed for well 15.M67 on 11-Jun-82,· approximately 1 o· units 
below the upper tolerance limit of 464.8. Although 455 µmhos/cm is NOT shown as 
an outlier.in Table 1a, I looked at the affect of ignoring that value and this is shown in 
Table 1b . 

The "Conductivity vs UCL" plot on Table 1a shows that the three standard deviation 
(S.D.), UCL line (at 460.5) is very close to the 4S5 value discussed above. Also, the 
3 S.D. UCL LIMIT OF 460.5 IS LESS THAN THE UPPER BOUNDS OF THE 99.% . 
POPULATION TOLERANCE INTERVAL OF 464.8. If we believe the statistics (and 
why use them if we don't), then normal baseline sampling and routine bi-weekly 
excursion sampling will eventually show values greater than the 3.S.D. UCL limit. A 
FALSE EXCURSION IS GUARANTEED with 3 S.D. added to the composite 
parameter mean for the UCLI This is also true for Table 1 b: the 3 S. D. UCL limit is 
LOWER than the upper 99% population tolerance limit. Also, with some measured 
values so close to· the UCL, even the normal variability found in lab technique (or 
chemicals) may cause a false pronouncement of excursion. 

As noted, Tables 1a &1b suggest that an AVERAGE UCL, based on a composite 
monitor well average and THREE standard deviations, will indicate false excursions 
during actual operations. Obviously, the UCL using FIVE standard deviations is 
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more reasonable, and possibly why the WDEQ wrote in Guideline No. 4 (page 39 of . 
the "Rules Update/8"'."94): "A method that uses the baseline mean plus 5 standard 
deviations is the recommended method for calculating UCL's." (the emphasis placed 
wi_th the underline is also theirs). As discussed later, this: results in a SINGLE UCL 
using the MEAN (average) of all samples from all wells taken together, not well by 
well. 

Tables 2a & 2b show the analyses for bicarbonate. Note that these analyses closely 
parallel those for conductivity discussed above: there is an anomalously high 
bicarbonate reading which is not considered an outlier (the effect of neglecting that 
value is shown in Table 2b); the 3 S.D. UCL is very close to the upper bicarbonate 
baseline readings. As with conductivity, the upper tolerance limit of 253.9 mg/I is 
actually greater than the 3 S.D. UCL of 251.1 mg/I in Table 2a. The same is true for 
Table 2b. Thus, some baseline values for bicarbonate are likely to be higher than the 
3 S.D. UCL. FALSE EXCURSIONS ARE ASSURED using 3 S.D and a 
composite average! 

Tables 3a, 3b, and 3c are for chloride. Table 3a actually shows one outlier: 41 mg/I. 
However, because this value was so close to the upper limit of the "tolerance" interval 
of 40.957, I included it in the analysis of Table 3a. The "frequency" plot of that table 
shows over 75% of the measurements were below 5 mg/I (and this is biased HIGH, 
since all values shown as "<3" were included in the analysis as "3 mg/I"). The 
"Chloride vs UCL" plot of Table 3a _shows that two of the. chloride readings are 
greater than "3 S.D. UCL" line. We would b~ on excursion before we even start . 
ISL operations. As with conductivity and bicarbonate, the upper tolerance limits for · 
chloride, in both Tables 3a & 3c, are·' actually greater than the 3 S.D. UCL, which 
actually predicts the two chloride values greater than the 3 S.D. UCL line . 

The outlier of Table 3a was dropped in Table 3b (under the column "Deletion #1"). 
But this caused another reading to be calculated as an outlier (outside of the 
tolerance interval), which it had not been before. This outlier, in tum, was deleted in 
column "Deletion #2.", which caused yet another measurement to be determined an 
outlier, even though it had not been an outlier earlier. And so on, deletion of one 
outlier causing yet another measurement to be determined as an outlier. The end of 
this stepwise deletion of outliers is shown in column "Deletion #8", which resulted in 
"NO Outliers". But the "3 S.D. UCL" value dropped from 38.8 mg/I to 4.9 mg/I, while 
the "5 S.D. UCL" value dropped from 59.5 mg/I to 6.0 mg/I. The effect of this can be 
seen graphically in the "Chloride vs UCL" plot of Table 3c. 
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Crow Butte uses the following method to determine UCL's (see attachment): 

-Determine the MAXIMUM recorded value from pre-operational sampling 
FOR EACH WELL. 

-Multiply the maximum recorded value by 1.20 to calculate the MULTIPLE 
parameter value FOR EACH WELL. 

-Multiply the MULTIPLE parameter value by 1.20 to calculate the SINGLE 
parameter value FOR EACH WELL. 

An excursion results if two or more parameters are above the "multiple" UCL, or if just 
one value is above the "single" UCL. The effect of this technique on data from 
Mobil's Unit 1, using the COMPOSITE WELL AVERAGE rather than the MAXIMUM 
WELL BY WELL VALUE, is shown in Table 4. There are obvious problems using a 
COMPOSITE WELL AVERAGE with this technique .. 

Cogema at Christensen Ranch, Wyoming (discussion with Donna Wichers), Rio 
Algom at Smith Ranch, Wyoming (discussion with Bill Ferdinand) and PRI at 
Highland, Wyoming (discussion with Paul Hildebrand) use th.e following method to 
calculate UCL's as outlined in the Wyoming DEQ Guideline No. 4: 

-Sample all wells four times, spaced at least two weeks apart. 

-Determine outliers using all samples from all wens in the average and 
standard· deviation. 

-Determine an AVERAGE UCL (the same UCL is used for all wells) from the 
mean of all samples from all wells plus five standard deviations. 
Chloride UCL, with the typically low measured values, is the mean plus 
15 mg/I, if 15 mg/I is greater than five standard deviations. 

-If outlier analyses show that any single well, or group of wells, is significantly 
different in water chemistry, then calculate UCL for those wells 
individually or by the group . 

. As shown above, there are potential problems with UCL's in New Mexico which use 
the COMPOSITE WELL MEAN coupled with THREE standard deviations. FIVE 
standard deviations with the composite well average, or UCL's calculated well by 
well, would probably work. Obviously, we need to discuss ramifications of this on our 
New Mexico ISL operations. 
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Table 1 a 

Conductivity (all values) 

Calculation of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described in 
Wyoming DEQ Guldellne No. 4 & EPA RCRA Statlstlcal Guldellne 

Frequency 
Number of Samples--> 40 Label 

Parameter Average -> 396.63 <=340 
Sample Standard Deviation of Parameter-> 20.53 340< x<=350 

Parameter MAXIMUM -> 455 350< x <=360 
Parameter MINIMUM -> 340 360<x <=370 

370< x <=380 
"k" Factors for Tolerance Limits-> 3.213 380< x •=390 

Interval MAXIMUM to include 99% of PopulaUon -> 464.B 390< x <=400 
Interval MINIMUM to include 99% of Population -> 332.9 400<x <=410 

OUTLIER Status-> NO Outliers 410<x <=420 
420< x •=430 

UCL@ 3 Standard Deviations-> 460.4 430<x<=440 
UCL.@5 Standard Deviations-> 501.5 440<x <=450 

450< x <=460 

Bin 
340 
350 
360 
370 
360 
390 
400 
410 
420 
430 
440 
450 
460 

>460 More 

Well Sample Conductivity 
Number Date Number Iµ mhos/cm] 

1 
0 
1 
2 
10 
9 
6 
7 
2 
0 
0 
1 

0 

15L5 23-Aug-62 1st 420 Frequency: Conductivity 
15L5 OB-Se -62 2nd 415 12 

15L7 26-Jul-82 1st 410 
15L7 31-Au -82 2nd 390 

15Ml2 21-Jun-82 1st 410 
15M!2 01-Se -82 2nd 405 >-a u 
15L!7A 22~Jun-82 1st 425 c 
15L17A 23-Au -82 2nd 420 ~6 

C" 
15M39 07-Jun-82 1st 383 t!! 
15M39 01-Se -62 2nd 395 LL. 4 

l5IA5 23-Aug-82 1st 415 
l5IA5 08-Se -82 2nd 410 2 

l5M67 11-Jun-82 1st 
l5M67 01-Se -82 2nd 

~ ~ 
0 0 0 5: 8 ;! 0 :;: 0 

15L73 07-Jun-82 1st 
co .... ., N ; .., .., I') . .., .... .... .... .... . u u II u u II II u u u u 15L73 23-Au 82 2nd v v v v 

)( )( >< >< >< )( )( )( >< )( 

15M92 20-Jul-82 1st 375 v v v v v 

~ 
v v v v 

0 

~ 
0 ~ ~ 8 ;! 0 6 O'i ll! N 

15M92 01-Se -82 2nd 400 "' .... .... .... 
15M94 20-Jul-82 1st 410 Clin 

15M94 01-Se -62 2nd 390 
I m:::m Frequency --Cumulative % I 

16111 13-Jul-82 1st 400 
16111 31-Au -82 2nd 400 
16Pll 13-Jul-82 1st 425 Conductivity vs UCL 
L6Pll 31-Au -82 2nd 415 510 
L6123 13-Jul-82 1st 395 

490 
16123 31-Au -82 2nd 390 
16P37 06-Jul-82 1st 390 e 470 u 
L6P37 06-Au -82 2nd 420 iii 

16151 13-Jul-82 1st 390 
_g 450 . 
E 

16151 31-Au -82 2nd 385 .s 430 ·-
16P65 01-Jul-82 1st 350 ~ 410. 
16P65 06-Au -82 2nd 390 > 
L6181 13-Jul-82 1st 385 11 390 :J 
L6181 31-Au -82 2nd 395 -a c 370 
16?94 06-Jul-82 1st 370 0 

CJ 
16P94 06-Au -82 2nd 400 350 
L6P96 21-Jun-82 1st 360 

330 
16?96 25-Au -82 2nd 385 ' .... '' ... ' 

s;: .... 
u 
)( 

v 

; 

I 
16Pl02 01-Jul-82 1st 340 All lndlvldual Conductivity Samples 

Cumulatlve % 

Frequenc 

2.5% 
5.0% 
5.0% 
7 .. 5% 
12.5% 
37.5% 
60.0% 
75.0% 
92.5% 
97.5% 
97.5% 
97.5% 
100.0% 

100.0% 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 
0 0 
ID ~ u • 
)( 

v s;: .... 

--

--

I 

16Pl02 25-Au -82 2nd 400 ~ Conduclivity -JS.D.UCL -ss.D.UCL 

Meaning of "k-factor" Tolerance using a = 0.05 and p = 0.99: 
95% (1-a) Confidence that 99% (p = 0.99) of the Parameter Population File: mobil_unil1_UCL_mon_well_oci97_A.xls 
falls within the interval determined b the rameter avera e ± k-fctr std dev Rev: 30-0cl-97 csb 
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Table 1 b 

Conductivity [EXCLUDING single t\lgh •1alue of 455 --- 15M67, 11-Jun-82] 

Calculation of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described In 
Wyoming DEQ Guideline No. 4 & EPA RCRA Statlstlcal Guideline 

Number of Samples-> 

Parameter Average -> 
Sample Standard Deviation of Parameter --> 

Parameter MAXIMUM -> 
Parameter MINIMUM --> 

"k" Factors for Tolerance Limits--> 
Interval MAXIMUM to Include 99% of Population -> 

Interval MINIMUM to include 99% of Population --> 

OUTLIER Status-> 

UCL @ 3 Standard Deviations-> 
UCL@ 5 Standard Deviations -> 

39 

397.36 
'18.64 

425 
340 

3.225 
457.5 
337.3 

NO Outliers 

453.3 
490.6 

Frequency 
Label 

<=340 
340<x <=350 
350< x <=360 
360<x <=370 
370<x <=380 
380< x <=390 
390<x <=400 
400< x <=410 
410< x <=420 
420< x <=430 
430<x <=440 
440< x •=450 
450< x <=460 

Bin 
340 
350 
360 
370 
360 
390 
400 
410 
420. 
430 
440 
450 
460 

>460 'More 

Well sample Conductivity 
Number Date Number !µ mhos/cm] 

1 
0 
1 
2 
10 
9 
6 
7 
2 
0 
0 
0 

0 

15L5 23-Aug-82 1st 420 Frequency: Conductivity 

2.6% 
5.1% 
5.1% 
7.7% 
12.8% 
38.5% 
61'.5% 
76.9% 
94.9% 
100.0% 
100.0% 
100.0% 
100.0% 

100.0% 

15L5 06-Seo-82 2nd 415 . 12~--~. ·-::;:.,,..::=:9---~---:=i!lrr 100% . 
15L7 26-Jul-82 1st 410 
15L7 31-Aua-82 2nd 390 

15M!2 21-Jun-62 1st 410 
15Ml2 01-Seo-62 2nd 405 
15Ll7A 22-Jun-62 1st 425 
15Ll7A 23-Aug-82 2nd 420 
15M39 07-Jun-82 1st 383 
15M39 01-Seo-82 2nd 395 
15L45 23-Aug-82 1st 415 
l5lA5 06-Seo-62 2nd 410 
15M67 11-Jun-82 1st 
15M67 01-Seo-82 ·2nd 415 
l5L73 07-Jun-82 1st 400 
!5L73 23-Aua-82 2nd 405 
15M92 20-Jul-82 1st 375 
15M92 01-Seo-82 2nd 400 
15M94 20-Jul-62 1st 410 
15M94 01-Seo-82 . 2nd 390 
16!1 l 13-Jul-82 1st 400 
16111 31-Aua-82 2rid 400 
16Pll 13-Jul-82 1st 425 
l6Pll 31-Aua-82 2nd 415 
16123 13-Jul-82 1st 395 
16123 31-Au11-82 2nd 390 
16P37 06-Jul-62 1st 390 
l6P37 06-Au11-82 .2nd 420 
16151 13-Jul-82 1st 390 
16151 31-Aua-82 2nd 385 
16P65 01-Jul-8'2 1st 350 
16P65 06-Aug-82 2nd 390 
16181 13-Jul-82 1st 385 
16181 31-Aua-82 2nd 395 
16P94 06-Jul-82 1st 370 
l6P94 · 06-Aua-82 2nd 400 
l6P96 21-Jun-82 1st 380 
16P96 25-Auo-82 2nd 385 
16PI02 01-Jul-82 1st 340 
16Pl02 25-Aug-82 2nd 400 

Meaning. of "k-factor" Tolerance using a = 0.05 and p = D.99: 

10 

ti' 8 
c 
~ 6 
C' 
e! u.. 4 

510 

490. 

~470. 
UI 
_g 450 . 
E 
3430 

. ~410 
> :;:a 
g.390 
'O 

5 370 
t.,) 

350 

330. 

95% (1-a) Confidence that 9.9% (p = 0.99) of the Parameter Population 
falls within the interval determined b the arameter avera e ± k-fctr std dev 

~ ~ 
0 
)( 

v 
0 ... 
"' 

~ !::! w II y y 
)( )( 

v v 
lil ~ "' 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

"""-'~""'-'~-'="""""I- 0% 
0 !il 8 ;! 0 ~ 0 0 Iii Iii "' ~ .... "' "' "' .... .... .... .... ... '11' ... 
0 II II II II II II II • y y y y y y v v 
)( )( )( )( )( )( )( >< )( 

y v v v v .; v v v 
~ 0 al 8 0 6 0 0 

"' :;: N .... "' "' "' "' .... ... ... ... 
Bin I c::::::I Frequency ----- Cumulative % I . 

Conductivity vs UCL 

I I ........ '' 
lndlvldual. Conductivity Samples 

- Conductivity -3S.D.UCL -ss.D.UCL 

f'ile: mobil_unit1_UCL_mon_well_oct97 _A.xls 
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Table 2 a 

Bicarbonate (all values) 

Calculation of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described In 
Wyoming DEQ Guldellne No. 4 & EPA RCRA Statistical Guideline 

Number of Samples -> 
· Parameter Average--> 

Sample Standard Deviation of Parameter--> 

Parameter MAXIMUM-> 
Parameter MINIMUM -> 

"k" Factors for Tolerance Limits--> 
Interval MAXIMUM to include 99% of Population -> 
Interval MINIMUM to Include 99% of Population-> 

OUTLIER Status--> 

UCL@ 3 Standard Deviations -> 
UCL@ 5 Standard Deviations -> 

Well Sample 
Number Date Number 

15L5 23-Aug-82 1st 
15L5 08-Seo-82 2nd 
15L7 26-Jul-82 1st 
15L7 31-Aua-82 2nd 

15Ml2 21-Jun-82 1st 
15Ml2 01-Seo-82 2nd 
15Ll7A 22-Jun-82 1st 
15L17A 23-Aua-82 2nd 
15M39 07-Jun-82 1st 
15M39 01-Seo-82 2nd 
15L45 23-Aug-82 1st 
15L45 08-Seo-82 2nd 
15M67 11-Jun-82 1st 
15M67 01-Seo-82 2nd 
15L73 07-Jun-82 1st 
15L73 23-Aua-82 2nd 
15M92 20-Jul-82 1st 
15M92 01-Seo-82 2nd 
15M94 20-Jul-82 1st 
l5M94 01-Seo-82 2nd 
16111 13-Jul-82 1st 
1611 I 31-Aug~82 2nd 
16Pll 13-Jul-82 1st 
16Pl I 31-Auo-82 2nd 
16123 13-Jul-82 1st 
16123 31-Aug-82 2nd 
16P37 06-Jul-82 .1st 
16P37 06-Aua-82 2nd 
16[51 13-Jul-82 1st 
16[51 31-Aua-82 2nd 
16P65 01-Jul-82 1st 
16P65 06-Aua-82 2nd 
16181 13-Jul-82 1st 
16181 31-Aua-82 2nd 
16P94 06-Jul-82 1st 
16P94 06-Aug-82 2nd 
16P96 21-Jun-82 1st 
16P96 25-Aug-82 2nd 
16PI02 01-Jul-82 1st 
16PI02 25-Aug-82 2nd 

40 
212.00 
13.05 

250 
180 

3.213 
253.9 
170.1 

NO Outliers 

251.1 
277.2 

Bicarbonate 
[mg/I] 

220 
230 
210 
220 
200 
220 
210 
220 
210 
220 
220 
180 
200 
220 
200 
210 
210 
220 
220 
250 
200 
220 
210 
230 
210 
220 
200 
210 
210 
220 
180 
220 
210 
220 
190 
220 
200 
210 
200 
210 

Meanl.ng of "k-.factor" Tolerance using a = 0.06 and p = 0.99: 
95% (1-a) Confidence that 99% (p = 0.99) of the Parameter Population 

>
U10 c 
Cl) 
:is 
a 
~6 
u. 

§ §! 
II v 
>< 

~ 
~ 

Frequency I 
Label Bin I Frequency 

<= 180 180 2 
180< x <=190 190 1 
190< x <=200 200 7 
200< x <=210 210 . 12 
210< x <=220 220 15 
220< x<=230 230 2 
230<x <=240 240 0 
240< x <=250 250 1 

• 250 More 0 

~ S! 0 0 0 ~ N "' .... 
N N N N N 

II II II u II II 
v y v y y 

>< >< >< K >< >< 
v ~ v ~ 

y y 

~ S! 0 0 
0 N "' .... 
N N "' N "' cu., I c::m Frequency --Cumulative % I 

·Bicarbonate vs UCL 

I Cumulaliva % 
Frequency 

5.0% 
7.5% 
25.0% 
55.0% 
92.5% 
97.5% 
97.5% 
100.0% 
100.0% 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

~ 
N 

• 

=250.1------------------... ------------------~ C; 
.§. 
.! 230 . 
cu c 
0 

~210~hr.__....,._..__._._--l._..-.. ... ll•-•....tt-..-._..-.re---...-11--t~~.-wl 
u 
iii 

190-1.-i .. ~ ........... -11 .... f+iH-1...., ... , ............... ~~H-1hrl .... ~91t 

All Individual Bicarbonate Sainples 

-Bicarbonate -3 S.0. UCL -s S.D. UCL 

falls within the Interval determined bv the parameter average± (k-fctr)(std dev) 
File: mobil_unll1_UCL_mon_well_ocl97_A.xls 
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Table 2 b 

Bicarbonate [EXCLUDING single high value of 250 -15M94. 1..Sep-82] 

Calcuiatlon ot Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1_" 

Using "k" Factors tor Tolerance Limits as Described In 
Wyoming OEQ Guideline No. 4 & EPARCRA Statistical Guideline 

Number of Samples-> 39 
Parameter Average -> 211.03 

Sample Standard Deviation of Parameter-> 11.65 

Parameter MAXIMUM -> 230 
Parameter MINIMUM -> 180 

"k" Factors for Tolerance Limits-> 3.225 
Interval MAXIMUM to include 99% of Population -> 248.6 
Interval MINIMUM to include 99% of Population-> 173.5 

OUTLIER Status--> NO Outliers 

UCL@ 3 Standard Deviations-> 246.0 
UCL@ 5 Standard Deviations-> 269.3 

Well Sample Bicarbonate 
Number Date Number (mg Ill 

15L5 23-Aug-82 1st 220 
15L5 08-Sep-82 2nd 230 
15L7 26-Jul-82 1st 210 
15L7 31-Aua-82 2nd 220 

l:iM12 21-Jun-82 1st 200 
15Ml2 01-Seo-B2 2nd 220 
15Ll7A 22-Jun-82 1st 210 
15Ll7A 23-Aua-82 2nd 220 
15M39 07-Jun-82 1st 210 
15M39 01-Sep-82 2nd 220 
15L45 23-Aug-82 1st 220 

·.15L4.5 08-Seo-82 2nd 180 
15M67 11-Jun-82 1st 200 
15M67 01-Seo-82 2nd 220 
15L73 07-Jun-82 1st 200 
l5L73 23-Aua-82 2nd 210 
15M92 20:~ul-82 1st 210 
15M92 01-Seo-82 2nd 220 
15M94 20-Jul-82 1st 220 
15M94 01-Seo-82 2nd 
16111 13-Jul-82 1st 200 
1611 l 31-Aua-82 2nd . 220 
16Pll 13-Jul-82 1st 210 
16PI I 31-Aua-82 2nd 230 
16123 13-Jul-82 1st 210 
16123 31-Aua-82 2nd 220 
l6P37 06-Jul-82 1st 200 
16P37 06-Auo-82 2nd 210 
16151 13-Jui-82 1st 210 
16151 31-Aua-82 2nd 220 
16P65 01-Jul-82 1st 180 
l6P65 06-Aua-82 2nd 220 
16181 13-Jui-82 1st 210 
16181 31-Aug-82 2nd 220 
l6P94 06-Jul-82 1st 190 
l6P94 06-Aua-82 2nd 220 
l6P96 21-Jun-82 1st 200 
16P96 25-Aua-82 · 2nd 210 
16Pl02 01-Jul-82 1st 200 
16PI02 25-Aug-82 2nd 210 

Meaning of "k-factor" Tolerance using a = 0.06 and p = 0.99: 

Frequency 
Label Bin 
<= 180 180 

180• x •=190 190 1 7.7% 
190• x •=200 200 7 25.6% 
200• x •=210 210 12 56.4% 
210• x •=220 220 15 94.9% 
220• x •=230 230 2 100.0% 
230• x •=240 240 0 100.0% 
240• x •=250 250 0 100.0% 

>250 More 0 100.0% 

Frequency: Bicarbonate 
100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 
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lndlvldual Bicarbonate Samples 

-Bicarbonate -3 S.D. UCL --=-5 S.D. UCL 

95% (1-a) Confidence that 99% (p = 0.99) of the Parameler Population File: mobll_un~1_UCL_man_well_oct97_A.xls 
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Table 3 a 

Chloride (all values) 

Catculatlon of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1.: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described In 
Wyoming DEQ Guldeline No. 4 & EPA RCRA Statistical Guideline 

Number of Samples-> 40 
Parameter Average :....> 7.68 

Sample Standard Deviation of Parameter-> 10.36 

·Parameter MAXIMUM-> 41 
Parameter MINIMUM --> 3 

"k" Factors for Tolerance Limits -> 3.213 
Interval MAXIMUM to inciude 99% of Population-> 40.957 
Interval MINIMUM lo include 99% of Population-> -25.6 

OUTLIER Status--> Outliers Present 

UCL @ 3 Standard Deviations -> 38.8 
UCL~ 5 Standard Deviations-> 59.5 

Well Sample Chloride rm11/1 l 
Number Date Number Measured Revised 

15L5 23-Aug-82 1st 3 3 
15L5 08-Seo-82 2nd <3 3 
15L7 26-Jul-82 1st 3 3 
15L7 31-Aug-82 2nd <3 3 

15Ml2 21-Jun-82 1st ~ 8 
15Ml2 01-Seo-82 2nd 3 3 
15Ll7A 22-Jun-82 1st <3 3 
15Ll7A 23-Aua-82 2nd 3 3 
15M39 07-Jun-82 1st <3 3 
15M39 01-Seo-82 2nd <3 3 

. 15L45 23-Aug-82 1st <3 3 
l5i:A5 08-Seo-82 2nd <3 3 
15M67 11-Jun-82 1st . 41 ~~~~.JEJ~ 
15M67 01-Seo-82 2nd 39 39-
l5L73 07-Jun-82 1st 6 6 
l5L73 23-Aur:i-82 2nd <3 3 
l5M92 20-Jul-82 1st 3 3 
15M92 01-Seo-82 2nd <3 3 
15M94 20-Jul-82 1st 9 9 
l5M94 01-Seo-82 2nd 24 24 
16111 13-Jul-82 1st 4 4 
l61l l 31-Aug-82 2nd 3 3 
16Pl l 13-Jul-82 1st 35 35 
l6Pl l 31-Auc-82 2nd 20 20 
l6123 13-Jul-82 1st 5 5 
16123 31-Auc-82 2nd <3 3 
16P37 06-Jul-82 1st 3 3 
16P37 06-Aug-82 2nd <3 3 
16151 13-Jul-82 1st 4 4 
16151 31-Aug-82 2nd <3 3 
16P65 01-Jul-82 1st 3 3 
16P65 06-Aug-82 2nd <3 3 
16181 13-Jul-82 1st 4 4 
16181 31-Auc-82 2nd <3 3 
16P94 06-Jul-82 1st 3 3 
16P94 06-Aug-82 2nd <3 3 
16P96 21-Jun-82 1st 3 3 
l6P96 25-AUQ-82 2nd 3 3 

16PI02 01-Jul-82 1st 25 25 
16PI02 25-Auc-82 2nd 5 5 

Meaning of "k-factor" Tolerance using a = 0.05 and p = 0.99: 
95% (1 ·a) Confidence that 99% (p = 0.99) of the Parameter Population 

5 

0 

"' " y 
5! 
u 
" ;/, 

Frequency 
Label Bin 

<= 5 5 
5<x=10 10 
10< x <=15 15 
15< x <=20 20 
20< x <=25 25 
25< x <=30 30 
30< x <=35 35 
35< x <=40 40 

> 40 More 

Chloride 

~ ~ ~ ~ ? 
" " " " " 
~ ~ ~ ii i 

Bin Im Frequency ----Cumulalive % ,. 

Chloride vs UCL 

31 
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0 85.0% 
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0 92.5% 
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All Individual Chloride Samples 

-Chlonde -JSD.UCL ·~55.D.UCL 

falls within lhe interval determined b the parameter average ± (k-fclr (std dev 
File· mobll_unit1 _ UCL_mon_ well_ocl97 _A.xis 
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Number of Samples --> 
Parameter Average -> 

Sample Slandard Oeviallon of Parameter -> 
Parameter MAXIMUM--> 
Parameter MINIMUM-> 

"k" Factors for Tolerance Limits-> 
Interval MAXIMUM to Include 99% of Populallon -> 

Interval MINIMUM lo include 99% of Population -> 

Well 
Number 

15L5 
15L5 
15L7 
15L7 

15M12 
15M12 
15L17A 
15Ll7A 
15M39 
15M39 
15L45 
15U5 
15M67 
15M67 
15L73 
15L73 
1511.192 
1511.192 
15M94 
15M94 
16111 
16!11 
16Pll 
16Pll 
16123 
16123 
16P37 
16P37 
16151 
16151 
16P65 
16P65 
16181 
16181 
16P94 
16P94 
16P% 
16P96 

161'102 
16Pl02 

OUTLIER Status_,. I 

UCL @ 3 Standard Deviations -> 
UCL@ 5 Standard Deviations -> 

Sample 
Dale Number MeasurN 

23-Aug-82 1st 3 
08-Seo-82 2nd <3 
26-Jul-82 1st 3 
31-Aua-82 2nd <3 
21-Jun-82 1st 8 
01-Seo-82 2nd 3 
22..Jun-82 1st <3 
23-Aua-82 2nd 3 
07-Jun-82 1st <3 
01-Sen-82 2nd <3 
23-Aug-82 1st <3 
08-Seo-82 2nd <3 
11..Jun-82 1st 41 
01-Seo-82 2nd 39 
07..Jun-82 1st 6 
23-Aua-82 2nd <3 
20-Jul-82 1st 3 
01-Seo-82 2nd <3 
20-Jul-82 1st 9 
01-Seo-82 2nd 24 
13-Jul-82 1st 4 

31-Aua-82 2nd 3 
13-Jul-82 1st 35 

31-Aug-82 2nd 20 
13-Jul-82 1st 5 

31-Aua-82 2nd <3 
06-Jul-82 1st 3 
06-Aua-82 2nd <3 
13-Jul-82 1st 4 

31-Aua-82' 2nd <3 
01-Jul-82 1st 3 
06-Aug-82 2nd <3 
13-Jul-82 1st 4 

31-Aua-82 2nd <3 
06-Jul-82 1st 3 
06-Aug-82 2nd <3 
21-Jun-82 1st 3 
25-Auq-82 2nd 3 
01-Jul-82 1st 25 
25-Aug-82 2nd 5 

Table 3 b 

Chloride [Stepwise deletion of outliers] 

Calculation of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described in 
Wyoming DEQ Guideline No. 4 & EPA RCRA Statistical Guideline 

40 
7.68 
10.36 

41 
3 

3.213 
40.957 
-25.6 

OutJlers 

38.8 
59.5 

Revised 

3 
3 
3 
3 
8 
3 
3 
3 

·3 

3 
3 
3 

~'.~~~2~~'f,/)Ji 
39 
6 
3 
3 
3 
9 
24 
4 
3 

35 
20 
5 
3 
3 
3 
4 
3 
3 
3 
4 
3 
3 
3 
3 
3 

25 
5 

I 

39 
6.82 
8.95 
39 
3 

3.225 
35.7 
-22.1 

Outliers 

33.7 
51.6 

Deletion #1 

3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 

>< 
.;;lijj.N.3H~l."'l'r.: 

6 
3 
3 
3 
9 

. 24 
4 
3 

35 
20 
5 
3 
3 
3 
4 
3 
3 
3 
4 
3 
3 
3 
3 
3 

25 
5 

I 

38 
5.97 
7.32 
35 
3 

3.237 
29.7 
-17.7 

Out lie rs 

27.9 
42.6 

Oeletlon 'lf2. 

3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 

::::><::::: 
>< 

6 
3 
3 
3 
9 
24 
4 
3 

:!(~{J:.~ft~~~ 
20 
5 
3 
3 
3 
4 
3 
3 
3 
4 
3 
3 
3 
3 
3 
25 
5 

I 

37 
5.19 
5.57 
25 
3 

3.248 
23.3 
-12.9 

Outlier; 

21.9 
33.0 

I 

35 
4.09 
3.11 
20 
3 

3.272 
14.3 
-6.1 

Outliers 

13.4 
19.6 

Chloride [mg/ I J 
~fetlon isl Celedon #-4 

3 3 
3 3 
3 3 
3 3 
8 8 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

:;:::::-:::::: .,,,_,...... 
6 6 
3 3 
3 3 
3 3 
9 9 

~f:dJi;95;1°:i.l; .. -,....,,--

4 4 
3 3 

>< >-< 
20 :·~n·:~'ZttRo:f~ 

5 5 
3 3 
3 3 
3 3 
4 4 
3 3 
3 3 
3 3 
4 4 
3 3 
3 3 
3 3 
3 3 
3 3 

~· .. : 35·:;·;· 
5 5 

I 

34 
3.62 
1.44 

9 
3 

3.288 
8.3 
-1.1 

Outlier.. 

7.9 
10.8 

O•letlon #15 

3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 

-,...,. 
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3 
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3 

.§:.ew.S"p~zj; 

>< 
4 
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5 

Meaning of "k-factor" Tolerance using a= 0.05 ond p = 0.99: 95% (1-a) Confidence that 99% (p = 0.99) oflhe 
Parameter Po uletion falls within the interval determined b Iha arameter avera e " k-fctr)(std dev). 

I 

33 
3.45 
1.09 

8 
3 

3.303 
7.1 
-0.2 

Outliers 
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8.9 

Deletion #6 
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32 
3.31 
0.74 
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3 

3.319 
5.8 
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Table 3 c 

Chloride [Using Column "Deletion iffl" from Table Jb: NO Outliers] 

Calculation of Upper Control Limits (UCL) 
For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 

Using "k" Factors for Tolerance Limits as Described In 
Wyoming DEQ Guideline No. 4 & EPA RCRA Statistical Guideline 

Number of Samples -> 31 
Parameter Average -> 3.23 

Semple Standard Deviation or Parameter -> 0.56 

Parameter MAXIMUM-> 5 
Parameter MINIMUM-> 3 

"k" Factcirs for Tolerance Limits-> 3.334 
Interval MAXIMUM to include 99% or Population --> 5.094 
Interval MINIMUM to include 99% or Population-> 1.4 

OUTLIER Status--> NO Outliers 

UCL@ 3 Standard Deviations -> 4.9 
UCL@ 5 St;indard Deviations -> 6.0 

Well Sample Chloride [mg / 11 

Number Date Number Measured Oaletlon tt:8 

15L5 23-Aug-82 1st 3 3 
15L5 08-Sep-82 2nd <3 3 
15L7 26-Jul-82 1st 3 3 
15L7 31-Aui:i-82 2nd <3 3 

15Ml2 21-Jun-82 1st 8 
15Ml2 01-Seo-82 2nd 3 3 
15Ll7A 22-Jun-82 1st <3 3 
15Ll7A 23-Aug-82 2nd 3 3 
15M39 07-Jun-82 1st <3 3 
15M39 01-Sep-82 2nd <3 3 
15L45 23-Aug-82 1st <3 3 
15L45 08-Seo-82 2nd <3 3 
15M67. 11-Jun-82 1st 41 -------15M67 01-Sep-82 2nd 39 ::>-<:: 
15L73 07-Jun-82 1st 6 .:>-<:. 
15L73 23-Auo-82 2nd <3 3 
15M92 20-Jul-82 1st 3 3 
15M92 01-Seo-82 2nd <3 3 
15M94 20-Jul-82 1st 9 >< 
15M94 01-Sep-82 2nd 24 >-< 
1611 l 13-Jul-82 1st 4 4 
16111 31-Auo-82 2nd 3 3 
16Pl l 13-Jul-82 1st 35 :::><:::: 
16PI I 31-Auo-82 2nd 20 >< 
16123 13-Jul-82 1st 5 5 
16123 31-Aug-82 2nd <3 3 
16P37 06-Jul-82 1st 3 3 
16P37 06-Auo-82 2nd <3 3 
16151 13-Jul-82 1st 4 4 
16151 31-Aug-82 2nd <3 3 
16P65 01-Jul-82 1st 3 3 
16P65 06-Aug-82 2nd <3 3 
16181 13-Jul-82 1st 4 4 
16181 31-Aug-82 2nd <3 3 
16P94 06-Jul-82 1st 3 3 
16P94 06-Auo-82 2nd <3 3 
16P96 21-Jun-82 1st 3 3 
16P96 25-Auo-82 2nd 3 3 

16PI02 01-Jul-82 1st 25 ::>-<::: 
16PI02 25-Auo-82 2nd 5 5 

Meaning or '"k·factor'" Tolerance using a = 0.06 and p = 0.99: .. 
95% (1 ·a) Confid.ence that 99% (p = 0.99) of the Parameter Population 
falls within the Interval determined by the parameter average ± (k·fctr)(std dev) 

Frequency 
Label Bin 
<=5 5 

5< x <:=10 10 0 100.0% 
10<x<=15 15 0 100.0% 
15< x <=20 20 0 100.0% 
20< x <=25 25 0 100.0% 
25< x <=30 30 0 100.0% 
30< x <=35 35 0 100.0% 
35< x <=40 40 0 100.0% 

> 40 More 0 100.0% 
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Table 4 

Calculation of Upper Control Limits (UCL) For Monitor Wells from Mobil's Unit 1: "Operating Area 1" 
Comparison of HRI Proposed Method vs MODIFIED Crow Butte Method 

[HRI Proposed Method: UCL= Monitor Well Avg+ 5 Standard Deviations] 
[MODIFIED Crow Butte Method: MULTIPLE UCL= Monitor Well Avg x 1.2; SINGLE UCL= MULTIPLE UCL x 1.2] 
[Actual Crow Butte Method: MULTIPLE UCL= MAXIMUM Value by WELL x 1.2; SINGLE UCL= MULTIPLE UCL x 1.2] 

Conductivity vs UCL 

-------------·-

All lndlvldual Conductivity Samples 

-Conductlvlly -3S.D.UCL -ss.D.UCL -MULTIPLE UCL = Mon Well Avg x 1.2 ..... SINGLE UCL= MUL T x 1.2 

Bicarbonate vs UCL 
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All Individual Bicarbonate Samples 

- Bicarbonale -3S.D.UCL =<=>5 S.D. UCL -MULTIPLE UCL = Mon Well Avg x 1.2 -SINGLE UCL= MUL T x 1.2 

Chloride vs UCL 
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All Individual Chloride Samples 

-3S.D.UCL -ss.D.UCL -MULTIPLE UCL = Mon Well Avg x 1.2 -SINGLE UCL = MUL T x 1.2 
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U ... tT•C. 

June 21. 1989 

REPLY TO: 6W-SU 

Mr. Richard Mitzlefelt 
Director 

111•010N VI 

1••5 .. osa AVENUE. SUITE 1200 

DAUAS, TEXAS 75202 

Environmental Improvement Division 
New Mexico Health & Environment Dept. 
P.O. Box 968 
Santa Fe, New Mex.i co 87504-0968 

Re: Aquifer Exemption Request, Hydro Resources, Inc. (HRI) 
Churchrock Project, McKinley County, New Mexico, DP-558 

Dear Mr. Mitzlefelt: 

I am pleased to inform you of the Environmental Protection Agency approval of 
your request to exempt a portion of the Westwater Canyon Member of the 
Jurassic Morrison Formation from the Underground Injection Control program 
requirements that no fluid may be injected into an Underground Source of 
Drinking Water. This approval is based upon the criteria stipulated in 40 CFR 
144.7(b), 145.32, and 146.4 containing regulations allowing an aquifer to be 
exempted if: (a) it is not currently used as a drinJdng water supply, and (b) · 
it cannot be used as a drinking water source· in the future because it is 
mineral producing or can be shown. by a permit applicant to contain minerals 
that are expected to be commercially producible. This exemption approval will 
allow injection for in-situ uranium mining only. If injection for other 
purposes (e.g. hazardous waste disposal) is planned into this aquifer, 
additional approval will be needed. 

The approved exempted portion of the aquifer underlies the Hydro Resources, 
Inc. Churchrock Project in McKinley County and is limited to the Westwater 
Canyon Member of the Jurassic Morrison Formation. A detailed description of 
the exempted pcrtion of the aquifer remains in the exemption request and 
subsequent comment letters. 

If you have any q~estions concerning this approval, please contact me or have 
your staff contact Camille Hueni at (214) 655-7160. Thank you for your 
continued cooperation. 

Sincerely yours, 

~>~ {/, J:...L 
Myron o. Knudson, P.E. 
Director 
Water Management Division {6W) 
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Well# 

4002 

4009 

4014 

4025 

4030 

Kingsville Dome Project 
Baseline Production Well Water Quality 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon= 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA# Date U (ppm) Ra (pCi/I) Rn (pCi/I) 

1 3-29-96 0.39 14 

1 3-29-96 0.229 152 

1· 3-29-96 0.153 62 

1 3-29-96 0.513 43 

1 3-29-96 1.61 62 

4050-A 1. 3-29-96 0.513 11 

4057 1 3-29-96 0.304 24 

4061 1 3-29-96 2.2 66 

4073-A 1 3-29-96 0.305 37 

5534 2 10-30-96 .. 0.237 23 

5705 2 10-28-96 0.407 178 

5354 2 10-30-96 2.2 114 

5552 2 10-25-96 0.016 132 

5350 2 10-25-96 0.195 9.3 

5356 . 2 10-29-96 0.078 52 

5567 2 11-6-96 0.178 82 

5566 2 11-6-96 0.153 5 

5556 2 10-31-96 0.037 27 

5132 2 10-31-96 1.19 22 

5557 2 11-1-96 0.085 44 

5562 2 11-6-96 0.153 150 

5525 2 11-6-96 102 577 



Well# 

5560 

5707 

I, 

5119 • 5120 

5570 

5559 

5710 

5558 

5711 

5577 

5135 

• 5425 

5553 

5133 

5134 

5137 

5370 

5372 

5430 

6141 

6136 

6147 

· Kingsville Dome Project 
Baseline Production Well Water Quality 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon= 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA#- Date U (ppm) Ra (pCi/I) Rn (pCi/I) 

2 11-6-96 0.577 94 

2 11-7-96 1.53 33 

2 11-8-96 0.763 403 

2 11-8-96 0.058 137 

2 11-12-96 0.136 4.3 

2 11-13-96 0.407 2.9 

2 11-13:..95 0.228 106 

2 11-13-96 1.19 14 

2 11-13-96 26.3 49 

2 11-25-96 ~ 0.152 ' 81 

2 12-2-96 0.547 32 

2 12-2-96 66.2 233 

2 12-2-96 0.042 81 

2 12-9-96 1.34 207 

2 12-9-96 1.28 . 12 

2 12-10:..96 0.137 45 

2 12-6-96 0.17 16 

2 12-6-96 0.056 5.7 

2 12-9-96 1.03 360 

2 8-20-97 0.219 247 57000 

2 8-20:..97 1.13 240 31400 

2 8-20:..97 0.102 39 112000 



Well# 

6150 

6314 

• 6460 

6466 

6468 

6470 

6472 

6474 

7502A 

7311 

7310 

7306 

7506 

7516 

7521 

7525 

7308 

7525 

7311 

7521 

7502 

7310 

. I 
'· 

Kingsville Dome Project 
Baseline Production Well Water Quality 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon= 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA#. Date U (ppm) Ra (pCin) Rn (pCi/I) 

2 8-20-97 0.029 40 31400 

2 8-20-97 0.015 378 226000 

2 8-20-97 0.028 88 249000 

2 8-20-97 0.046 206 314000 

2 8-20-97 0.049 40 93000 

2 8-20-97 0.037 13 88200 

2 8-20-97 0.491 106 174000 

2 8-20-97 0.071 92 270000 

1 9-23-97 .0.087 19 52900 . 

1 9-23-97 .. 0.22 47 115000 

1 9-23-97 0.202 36 96800 

1 9-23-97 0.137 82 89200 

1 9-23-97 23.5 178 32000. 

1 9-23-97 2.22 321 31500 

1 9-23-97 0.873 16 80200 

1 9-23-97 0.033 265 72900 

1 9-23-97 0.1 79 53700 

1 9-23-97 0.029 

1 9-23-97 0.169 

1 9-23-97 0.371 

1 9-23-97 0.079 

1 9-23-97 0.183 



Kingsville Dome Project 
Baseline Production Well Water Quality 

1: ' .. "( 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon = 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

Well# PAA# ·Date U (ppm) Ra (pCi/I) Rn (pCi/I). 

7516 1 9-23-97 2.21 

7306 1 9-23-97 . 0.216 

• 7507 1 9-24-97 22.2 212 59500 

7512 1 9-24-97 1.86 604 94600 
' 

7504 1 9-25-97 0.041 44 17800. 

7504A 1 10-2-97 14.6 70 36000 

7701 1 10-2-97 41.6 153 27000 . 

6210 2 11-3-97 0.047. 35 49300 

6362 2 12-1-97 0.127 205 

6364 2 12-1-97 ~ 1.42 458 

6212 2 12-3-97 0.012 250 

• 6350 2 12-3-97 5.1 23 

6179 2. 12-3-97 0.06 6.3 

6174 2 12-3-97 0.092 26 

6172 2 12-4-97 0.192 189 

6178 2 12-4-97 0.728 67 

5137 2 12-4-97 0.137 45 

6171 2 12-6-97 2.16 61 

6445 2 12-5-97 0.099 132 

8509 2 12-8-97 0.171 27 

8510 2 12-8-97 0.187 4.8 

8303 2 12-10-97 0.79 1.3 



Well# 

8305 

8306 

• 8508 

8509 

8507 

8511 

8512 

8518 

8519 

8514 

8515 

• 8516 

8517 

8701 

8702 

8703 

8522 

8523 

8708 

'9308 

9310 

9107 

Kingsville Dome Project 
Baseline Production Well Water Quality 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon = 300 pCi/I . 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA# Date U (ppm) Ra (pCi/I) Rn (pCi/I) 

2 12-15-97 0.365 4 

2 12-17-97 1.03 110 

2 12-17-97 0.47 43 

2 12-17-97 0.423 70 

2 12-19-97 0.066 135 

2 12-22-97 0.07 30 

2 12-22-97 0.101 20 

2 12-23-97 0.083 21 

2 12-23-97 0.027 17 

2 1-5-98 .. 0.081 65 

2 12-29-97 0.176 2.1 

2 12-24-97 0.269 13 

2 1-5-98 1.69 22 

2 1-5-98 0.032 8.7 

2 12-31-98 0.107 13 

2 1-5-98 0.041 5.5 

2 1-14-98 2.01 105 

2 1-14-98 0.03 145 

2 1-6-98 0.89 117 

3 4-22-98 ' 0.899' 17 

3 4-22-98 0.224 44 

3 4-27-98 0.543 35 



Well# 

9113 

9314 

• 9315 

9101 

9103 

9105 

9107 

9308 

9109 

9111 

9302 

• 9304 

9306 

9310 

9312 

9602 

9314 

10101 

10104 

10106 

10109 

10113 

Kingsville Dome Project 
Baselin~ Production.Well Water Quality 

. ':-· · ... 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon= 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA# Date U (ppm) Ra (pCi/I) Rn (pCi/I) 

3 4-24-98 0.421 34 

3 4-27-98 0.186 11 

3 4-27-98 0.293 11 

3 6-8-98 0.372 26 

6-8-98 0.131 12 

6-8-98 0.391 49 

6-8-98 0.679 77 

6-8-98 0.787 94 

6-8-98 1.5 46 

6-8-98 .. 0.172 30 

6-8-98 0.064 40 

6-8-98 0.644 78 

6-8-98 1.54 51 

6-8-98 1.03 57 

6-8-98 0.356 33 

6-8-98 0.27 9.8 

7-27-98 0.375 239 

7-27-98 0.156 19 

7-27-98 0.072 20 

7-27-98 0.063 28 

7-28-98 0.13 10 

7-27-98 0.156 61 



I 1 •> 

• 

• 

Well# 

10115 

10301 

10303 

10310 

10311 

10312 

10314 

10316 

10314 

10314 

Kingsville Dome Project 
Baseline Production Well Water Quality 

EPA Proposed Drinking Water Standard for U is .02 ppm; Radon = 300 pCi/I 

EPA Primary Drinking Water Standard for Radium 226 is 5 pCi/I 

PAA# Date U (ppm) Ra (pCi/I) Rn (pCi/I) 

7-27-98 0.064 30 

7-29-98 0.121 46 

7-27-98 0.056 19 

7-28-98 0.34 31 

7-27-98 0.222 31 

7-28-98 0.019 22 

7-28-98 0.118 22 

7-28-98 0.103 33 

7-28-98 0.326 113 

7-28-98 .. 0.091 31 

Averages 2.54 84.47 98230.77 
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OVERVIEW OF ACTIVITIES 

CROWNPOINT SECTION 9 PILOT INSITU LEACH TEST 

A. Pre Insitu Leach Activities 

• 

l. 

2. 

3. 

Exploration drilling in early to late 1970's defined 
substantial quantities of uraniwn in the Westwater Canyon 
sands in the Crownpoint area at depth of about 2,000 feet. 

Mobil's original plan for development was underground 
mining. · 

Decision was made to develop by Insitu leach methods using 
technology devised in Mobil's uraniwn mine in Texas. 

A pilot scale plant and well field was constructed on 
Section 9 for the following purposes: 

a. To test a H 0 alkaline bicarbonate leachate for 
recovering driniwn from the Westwater Canyon at 2,000 
f·eet depth. 

b. To demonstrate Mobil's ability to restore the ground 
water to restoration standards. 

S. Well Field Development 1977-1978 

a. 13 wells in leach pattern· - 4 five spots - wells on 100' 
centers • 

1. Pattern wells perforated in "B" sand generally 
1,950 - 1,980 feet. 

b. 12 wells used as monitors. 

1. Monitors perforated in ore zone, other Westwater 
sands, and Dakota. 

c. Well construction: steel casing to 1,850 feet, 
fiberglass casing 1,850 to TD. All wells 5 1/2" 
diameter except one 7" well. 

6. Insitu Leach Plant construction. 

a. Design capacity 75GPM - operating range 25-200GPM. 

,. ,-
' 



Exhibit A 
·overview of Activities 
·crownpoint Section 9 Pilot Insitu Least Test 
Page 2 

1. Leachate: H2o + co2 + NaOH + H2o2 - injected into 
ore zone. 

A. Carbonate ion 1500-2000 PPM 

B. pH - 8.3 

C. H2o2 - 1500 - 2000 PPM 

2. Uranium produced as uranyl tricarbonate (uo2 cco3 ) 3 

A. Uranium removed by ion exchange columns. 

3. Barren leachate regenerated by chemical addition, 
then re-injected. 

493· Injection of Leachate 11-6-79 to 10-1-80. 

1. Injection rate 73GPM. 

2. Production rate 75GPM. 

a. 2GPM "bleed" went to disposal pond - to eliminate 
excursions and better control fluid movement in 
wellfield. 

3. Uranium & Moly heads reached lOOPPM shortly after beginnng 
of injection. 

4. End of leachate injection 10-1-80. 

. • a .. - 15% of U had been leached. 

c. Restoration Activities 

STAGE 1: 10-1-80 to 12-1-80 

Wellfield pumped - processed in plant. Barren lixiviant 
re-injected back into wellf ield. 

STAGE 2: 12-1-80 to 12-24-80 

Water softening treatment - to reduce hardness & 
alkalinity so the RO unit would work right. 

STAGE 3: 12-24-80 to 12-30-!0 

Groundwater sweep - 260GPM pumped to pond. 



:Exhibit A 
·. Overview of Activities 

Crownpoint Section 9 Pilot Insitu Least Test 
Page 3 

STAGE 4: 12-30-80 to late January 1981 

Pond water treatment - pumped thru water softener and back· 
to pond. 

1. No restoration on wellfield at this time. 

STAGE 5: Late January 81 to July 81 

Groundwater sweep with RO treatment 70GPM. 

1. Water thru softener then RO unit then re-injected. 

.•. STAGE 6: July 81 - May 82 

Lime treatment & groundwater sweep. 

1. Calcium hydroxide added to RO permeate. 

2. Wellfield average Moly lowered from 32 to 9.7 mg/l. 

STAGE 7: May - November 8, 1982 

Ion Exchange· & "clean water" gro.und water sweep. 

1. Water from wellfield thru IX columns, then re-injected. 

2. Use of lime & RO discontinued. 

3. Major water quality parameters below restoration values 
~xcept Moly which continued to decline. 

STAGE 8: November 8, 1982 - April 15, 1983 

Sodium Sulfide Treatment and ground water sweep. 

1. Reducing agent (Na2S) added to "clean" IX waters and 
injected into wellf~eld. . 

a. To eliminate dissolved o2 in aquifer and help 
precipitate Moly. 

STAGE 9: April 15 - July 14, 1983 

Sit and Soak - Wellfield shut in except for lqpm bleed. 

I 



Overview of Activities 
Crownpoint Section 9 Pilot Insitu Least Test 
Page ~ . 

~"' -:--_- ":. ' 

• 

• 

STAGE 10: July 14 - January 13, 1984 

Ground water sweep - pumped to pond. 

STAGE 11: January 18 - May 1, 1984 

RO Treatment and grounc.~·\ltater sweep. 

l. Wellfield pumped thru RO unit - only slight decrease in 
Moly seen. 

STAGE 12: May l, 1984 to March 18, 1985 

a,s injection - 40,000 gal of 400mg/l H2S injected into 
e~ch well • 

1. To further reduce.the aquifer - cause Moly to 
precipitate as Mos 2 (Jordisite). 

STAGE 13: March 18, 1985 to April 15, 1986 

Sit and Soak: Only routine sampling was done. 

1. Moly drop to 4.8 mg/l by September 1985. 

STAGE 14: April 15 - May 20, 1986 

Ground water circulation. 

1. Rathole of each well evacuated to the pond. This to 
eliminate the possibility of sample contamination • 

2. _Wellfield water circulated to ensure uniform mixing of 
reduced fluids. 

STAGE 15: May 20, 1986 to Present 

Wellfield idle except for sampling which ended July, 1987. 
Presently awaiting restoration signoff. 

D. September 86 Sampling. 

1. All parameters are less than restoration values except 
minor variance in Moly (1.12 mg/l). 



;:xhibit A 
overview of Activities 
Crownpoint Section 9 Pilot Insitu Least Test 

·Page 5 

E. Stability Period - 9 mo. November 1986 - July 1987 

1. All parameter continue to be below restoration values 
except Moly which was 1.49 mgfl in July 1987. 

2. All values appear stabilized to a large degree. 

3. All available technology has been used. 

a. It i~ unlikely the Moly can be lowered to a consistent 
less than 1.0 mg/1. 

b. The natural filtering action of aquifer will eventually 
mechanically trap the Moly in pore spaces in the 

•

. aquifer. 

bjectives 

1. Get permits closed out. 

2. P&A wellfield 

3. Decommission Plant 

4 .. Reclaim the surface.· 

S. Maintain leases, etc. 

6. Wait for better market --> commercial development. 

~resent Activities 

1. "Housekeeping". 
longer needed -

GJL 

Removal of contaminated material no 
pond sludge, etc. 

-
' •. 

·-' 

' f 
t • 

t 

I 
f 
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I 
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" 

• Attachment 25 
URI Restoration Approvals 

109 



• 
1. 

• 

·1L.!AS WATER COMMISSl 

Paul Hopkins, Chairman 

John 0. Houchins, Commi$sioner 

B. J. Wynne, DI, Commissioner 

Mr. Mark S. Pelizza 
Environmental Manager 
UraniUlll Resources, Inc. 
12377 Merit Drive 
Suite 750, LB l l+ 
Dallas, Texas 75251 

Allen Beinke, Executive Director 

February ll, 1988 

• 1 

J. D. Head, General Counsel 

Michael E. field, Chief Examiner 

KAren A. Pt,illips, Chief Clerk 

Re: Restoration Determination of Production Area No. l of the Longoria Mine Site, 
Permit No. UR02222-0ll 

Dear Mr. Pelizza: 

The Texas Water Comcission has received the restoration data for·· Production Area 
No.·· l of the Longoria Mine Site. A review of the data indicates that Production 
Area No. 1 has been restored in accordance with the specifications contai~ed in 
permit number UR02222-011 as required by 31 TAC Section 331.107. Your are hereby 
authorized to cease any restoration activities, including monitoring, at 
Production Area No. 1. 

Within 120 days of receipt of this let~er closure of the wellfield shall be 
acco~plished in accordance with the approved plugging and abandonment plans for 
this Production Area. Any modifications to the plugging and abandonment procedure 
must be approved in writing by the Commission. 

Please notify the Co~ission prior to co11'!mencing plugging activities to provide 
the opportunity for TWC personnel to be present. If you have any que~tions 
please contact Dale P. ~ohler of the In Situ Uranium Mining Unit at (512) 
463-8278. 

Sincerely, 

6P~t~ 
Director, Water Rights ' Uses Division 

J>X :jt 
cc: TWC Dist 11 Office - Weslaco 

Mr. David Lacker ~ Texas D,partment of Health 
Bureau of 'Radiation Control 

P. 0. Box 13087 Capitol Station • 1700 North Contre .. Ave. • Au11in, T~••• 78711 3067 • ArH Cock 512 46.' 7630 
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~ AS WATER COMMISSI"" 

Paul Hopkins, Chairman 
John 0. Houchin•, Commissioner 
B. J. W~ne, Ill, Commissioner 

Mr. Mark S. Pelizza 
Environmental Manager 
'Uranium Resources, Inc. 
12377 Merit Drive 
Suite 750, LB14 · 
Dallas, Texas 75251 

Allen Beinke, Eitecutive Director 

February 11, 1988 

J. D. Hud, General Counsel 

Michael E. Field, Chief Examiner 

Karen A. Phillip•, Chief Clerk 

···= lestoration Determination of Production Area No. 2 of the Longoria Mine Site, 
Permit No. UR02222-021 

Dear Mr. Pelizza: 

The Texas ~ater Co~ission has received the restoration data for Production Area No. 
2 of the Longoria Mine Site. A revie~ of the data indicates that Production Area 
No. 2 has been restored in'•ccordance with the specifications contained in pe~it 
number UR02222-02l as required by 31 TAC Section 331.107. Your are hereby 
authorized to cease_ any restoration activities, including monitoring, at. Production 
Area No. 2. 

~ithin 120 days of receipt of this letter closure of the wellfield shall be 
acco~plished in accordance with the •pproved plugging and abandonment plans for 
this Production Area. Any modifications to the plugging and abandon~ent· procedure 

• must be approved in vriting by the Co'D'l!Tlission. 

· Please notify the Commission prior to commencing plugging activities to provide 
the opportunity .for TWC personnel to be present. If you have any questions 
please contact Dale P. ~ohler of the In Situ Uranium Mining Unit at (512) 463-8278. 

Sincerely, 

// L1~ 
~ruett 
Director, Water Rights & U•es Division 

J)~:jt 

cc: TWC Dist 11 Office - Weslaco 
Mr. David Lacker - Texas Depart•ent of Health 

Bureau of Radiation Control 

P. 0. Box 13087 C.P11ol Station • 1700 Nonh ContJe15 Ave. • Austm, Ttxa• 787113067 • Area Codr !112·463 7630 



·~~AS WATER COMMISSlf 

Paul Hopkins, Chairman 
.lohn O. Houchins, Commissioner 

8. J. W~ne, 111, Commiuioner 

Mr. Mark S. Pelizza 
Environmental Manager 
Uranium Resources, Inc. 
12377 Merit Drive 
Suite 750, L'Bl4 
Dallas, Texas 75251 

Allen Beinke, Executive Director 
! :Ji. 

February 10, 1988' 

J. D. Head, General Counsel 
Michael E. t:eetd, Chief Examiner 

Karen A. Phillips, Chief Clerk 

•

. ·1e: lestoration Det~nnination of Production Area No. 1 of the Benavides ~~ne 
Site, Per'Dlit No. UR02312-0ll 

• 

Dear Mr. Pelizza: 

The Texas Water Co1m1:ission has received the restoration data for Production Area 
No. 1 of the Benavides Mine Site. A review of the data indicates that Production 
Area No. 1 has been restored in accordance vith the specifications contained in 
peru::it number UR02312-0ll as required by 31 TAC Section 331.107. YouTare hereby 

·authorized to cease any restoration activities, including ~onitoring, at 
Production Area No. 1 • 

• 
~ithin 120 days of receipt of this letter closure of the wellfield shall be 
acco~plished in accordance vith the approved plugging and abandonment plans !or 
this PToduction Area. Any modifications to the plugging and abandonment pTocedure 
must be approved in writing by the Commission. 

Please notify the Commission prior to commencing plugging activities to provide 
the opportunity for TWC personnel to be present. If you have any questions 
pleue contact Dale P. ~obler of the In Situ Uranium Mining Unit at (512) 
463-8278. 

Sincerely, 

{..~~~ 
Director, Water Jl1ght1 • Vaes Division 

1>~:jt 
cc TWC District 11 Office - Weslaco 

Mr. David Lacker - Texas Department of fiealth 
Bureau of Radiation Control 

P. 0. Bo• 13087 Capi1ol Station • 1700 North CC1ir9eM Ave. • Austm, Tea•• 78711 3087 • Area Cock !>12 •b3 78..~0 



. 1EXAS WATER COMMISSlvN 

;. B. J. Wynne, m, Chairman John J. Vay, General Counsel . 
· , : John E. Bifdwell, Commlssloner 

. Cliff Johnson, Commissioner 
Michael E. Field, Chief Hearings Examiner 

Gloria A. Vasquez, Olief Clerk 

• 

• 

l •' ' - • ·~ 

Mr. Mark Pelizza 
URI, Inc. 
12377 Merit Drive 
Suite 750, LB14 
Dallas, Texas 75251. 

Allen Beinke, E.xeci.ltive Director 
. ·.; ~ •, 

May "16, 1991 

Re: Restoration Determination of Production Area No. 2 of the 
Benavides Mine Site, Permit No. UR02312-021· 

Dear Mr. Pelizza: 

The Texas Water Commission has received the restoration data for 
Production Area No. 2 of the Benavides Mine Site. A review of 
the data indicates that Production Area No. 2 has been restored 
in accordance with the specifications contained in permit number 
UR02312-021 as required by 31 TAC Section 331.107. Your are 
hereby authorized to .cease any restoration activities, including 
.monitoring, at Production Area No. 2. · 

Within 120 days of receipt of this letter closure of the 
· wellfield shall be accomplished in· accordance with the approved 
plugging and abandonment plans for this Production A.rea. Any 
modifications to the plugging and abandonment procedures must be 
approved in writing by the Commission~ 

Please notify the Commission prior to commencing plugging 
activities to provide the opportunity for TWC personnel to be 
present. If you .have any questions please contact Dale P. Kohler 
of the Ground· water Section' at 512/371-6322. 

Sincerely, 

~~-Hdr~y D. Pruett, P.~ 
Director, Water Rights.& Uses Division 

HDP/DPK/km 

cc: TWC District Office fll = We~laco 
David Lacker - Texas Department of Heal 

Bureau of Radiation Control 

ur:.!. \i~~~
u~'· [1A.i..L~S 

P. 0. Box 13087 Capitol Station• 1700 North Congress Ave.• Austin, Texas 78711-3087• ArUJ Code 512/463-7830 
Pk°"'-i...: ·0"\ R: ·~'(7:1:. .... •·.1 ... :~ .• 
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B. J. \\'!Jlftne, 111, Chairman 

Paul Hopkin•, Commissioner 
John 0. Houchin•, Commissioner 

Mr. Mark S. Pelizza 
Environmental Manager 
Uranium Resources, Inc. 
12377 Merit Drive 
Suite 750, LB14 
Da 11 as, Texas_ 75251 

~s WATER COMMISSJrl .. 

June 5, 1989 

Allen Beinl.e, Execu11ve D1renor 

Michael E. Field, Gl'nera! Couns.e! 

Brenda W. Fototer, Chief Clerk 

Re: Restoration Determination of Production Area No. 3 of the 
Benavides Mine Site, Permit No. UR02312-031 

Dear Mr. Pelizza: 

The Texas Water Commission has received the restoration data for Production Area 
No. 3 of the Benavides Mine Site. A review of the data indicates that Production 
Area No. 3 has been restored in accordance with the specifications contained in 
permit number UR02312-031 as required by ·31 TAC Section 331.107. You are hereby 
au~horized to cease any restoration activities, including monitoring, at Production 
Area No. 3. · 

. Within 120 days of receipt of this letter closure of the wellfield sha11 be 
· ac~om.plished- in accordance with the approved plugging and abandonment plans for 

this Production Area. Any modificatiDns to the plugging and abandonment 
procedure must be approved in writi-ng by the Commission. 

Please notify the Commission prior to commencing plugging activities to provide 
the opportunity for TWC personnel to be present. If you have any questions please 
contact Dale P. Kohler of the In Situ Uranium Mining Unit at (512) 463-8278. 

Sincerely,· 

~ \:-c:J.._, ~ ( ~~ 
Harry D. Pruett 
Director, Water Rights & Uses Division 

DPK:aa 

cc: TWC District 11 Office - Weslaco 
Mr. David Lacker - Texas Department of Health 

Bureau of Radiation Control 

P. 0 Box 13087 Capitol Station • 1700 North Congreu A~. • Au11in, Texa~ 78il 1 30Si • Aiu Cock !11~ 4o3 763Cl 
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··1i:x.AS WATER COMMISSl\.,,..J 

Paul Hopkins, Chairman 
Ralph Homing, Commissioner 

John 0. Houchins, Commissioner 
·. ~ : 

1· October 31, 1986-·· 

Mr. Mark S. Pelizza 
Environmental Manager 
Uranium Resources, Inc. 
Suite 735, Promenade Bank Tower 
1600 Promenade Center 
Richardson, Texas 75080 

F
·~~:.· 

r. ~. 
t :...__ ·-· 

urry R. Soward, Executive Director 

Mary Ann Hefner, Chief Clerk 
James K. Rourke, Jr., General Counsel 

.Re: Restoration determination, Uranium Resources, Inc., Benavides 
Mine Site, Permit No. UR02312-041, Duval County 

Dear Mr. Pelizza: 

The Tex a s W a t er Co mm i s s i on has rec e i v e d the three cons e cut i v e 
sampling sets as required by 31 TAC Section 331.107. A review of 
the restoration data indicates that Production Area No. 4 ~t the 
Benavf des Mine Sf te has been restored in accordance with the 
specifications contained in permit number UR02312-041 and as 
r~quired by 31 TAC Section 331.107. You are hereby authorized to 
cease any restoration activities including monitoring at this 
production area. 

Within 120 days of receipt of this ·1etter, c1osure of the we11field 

•

shall be accomplished fn accordance with the approved plugging and 
abandonment plans submitted as part of the permit application. Any 
modification to plugging and abandonment plans must be approved in 
writing by the Commission. Please notify the Commission prior to 
conducting plugging activities. 

If you have any questions, please call Mr. Dale Kohler of the 
Commission's Ground Water Conservation Section at {512) 463-8278. 

Sincerely, 

~~ 
Larry R. Soward 
Executive Director 

cc: TWC District 11, Weslaco 
Mr. David Lacker, Chief, Bureau of Radiation Control, 

Texas Department of Health 

P. 0. Box 13087 c.pitol Station • Austin, Texas 78711 • Area Code 512/463-7898 
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331.101-331.107 

Subchapter F 
Standards for Class III Well 

··~_Production Area Developm~nt 
-·. §§331.101-331.107 . 

. ,: i· i 

These new sections are adopted under the authority of Texas 
Water Code, §§5.103, and 27.019, which .provide the Texas Water 
Commission with the authority to adopt rules reasonably required 
for the performance of its powers and duties under the Texas Water 
Code and other laws of the state. 

§331.101. Applicability. This subchapter establishes addi
tional standards for Class III well injection activities regarding 
the development of production or other areas authorized by an area 
permit and/or production area authorization • 

§331.102. Confinement of Mining Solution. Mining solutions 
shall be confined to the production zone within the area of des
ignated production zone monitor wells. 

S331.103. Production Area Monitor Wells. 
(a) Production zone monitoring. Designated Production Zone 

Monitor Wells shall be spaced no greater than 400 feet 
from the production area and 'no greater than 400 feet 
between the wells. The angle forined by lines drawn from 
any production well to the two nearest moni-tor wells will 
not be greater than 75°. Changes or adjustments in 
designated production zone monitor well locations may be 
authorized by the executive director so as to assure 
adequate containment. These wells shall be subject to 
the sampling, corrective action, and reporting require
ments in S33l.105 of this title (relating to Monitoring 
Standards) and S331.106 of this title (relating to 
Remedial Action for Excursion}.· 

(b) Nonproduction zone monitoring. At a minimum, designated 
non-production zone monitor. wells shall be completed in 
the production area in any freshwater aquifer overlying 
the production zone. These wells shall be located not 
more than 50 feet on either side of a line through the 
center of the production area with a minimum of one per 
every four acres of production area for wells completed 
in the first overlying freshwater aquifer and one per 
every 'eight acres for wells completed in any additional 
overlying freshwater aquifers. Changes or adjustments in 
designated non-production zone monitor well locations may 
be authorized by the executive director so as to assure 
adequate containment. Those wells completed in the first 
overlying freshwater aquifer shall be ~ubject to 
sampling, remedial action, and reporting requirements of 
S331.l05 of this title (relating to Monitoring Standards) 
and S331.106 of "this title (relating to Remedial Action 

l 



• 

• 

331.101-331.107 

for Excursion). Monitor wells completed in any addition
al overlying freshwater aquifers shall be subject to 
monitoring, .remedial action, and reporting requirements 
specified in the permit. 

5331.104. Establishment of Baseline and Restoration Values. 
(a) One or more water samples shall be collected from each 

designated monitor well (Production and Non-Production 
Zone) and each designated production well in the permit 
or production area. These samples will be analyzed and 
the results for each well submitted and swnmarized on 
forms provided by the executive director as follows: 
(l) mine area baseline - The averages and ranges of the 

parameter values determined for the designated 
production zone monitor wells; 

(2) production area baseline - The averages .aqd ranges 
of the parameter values determined from at least 
five designated production zone wells in the produc
tion area; and, 

(3) nonproduction zone baseline - The averages and 
ranges by zone of the parameter values determined 
for designated nonproduction zone monitor wells. 

(b) All samples shall be collected, preserved, analyzed, and 
controlled according to accepted methods as stated in the 
permit. · · · 

(c) The baseline water quality values for a permit or produ_c
tion area shall be uzed to determine control parameter 
upper limits. 

(d) The baseline water quality values for a permit or produc
tion area shall be used to determine restoration table 
values. Each production area authorization shall contain 
a restoration table. The table may be developed by using 
either: 
(1) the higher value in either the column headed "Mine 

Area Average" o::- the column headed "Production Area 
Average" for parameters shown on the production area 
baseline water quality form for the production zone; 
or · 

(2) predictions of restoration quality that are rea
sonably certain after giving consideration to the 
factors specified in S331.107(f) of this title 
(relating to Restoration). 

S331.105. Monitoring Standards. The following shall be 
accomplished to detect mining solutions in designated monitor 
wells. 

(1) Routine sampling - Water samples shall be taken at 
least twice a month at two-week intervals from all 
monitor wells for permit/production area(s) in which 
miriing solut!ons have been introduced. These shall 
be analyzed for the Control Parameters by the second 
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working day and reported as required in· S33l.85(e) 
of this title (relating to Reporting Requirements). 
The determined values shall be entered on appropri
ate ·fcrms within three working days after analysis. 
These data shall be kept readily available on site 
for review by TWC representatives. 

(2) Duration of monitoring program - The program of 
monitoring detailed in paragraph (1) of this sub
section shall be continued in each permit/ mine area 
until the executive director is officially notified 
that restoration has commenced. Further monitoring 
as required by permit shall continue until aquifer 
restoration and stabilization in that particular 
permit/mine area has been achieved in compliance . 
with S331.107 of this title (relating to Restora
tion) •. 

(3) Verifying analysis - If the results of a routine 
sample analysis show that the value of any Control 
Parameter is equal to or above the Upper Limit 
established for that permit/mine area, the operator 
shall complete a verifying analysis of samples taken 
from each apparently affected well within two days. 

(4) Sampling frequency when mining solutions present -
During the period of time when mining solutions are 
present.-in a designated monitor well, water samples 
will be taken at least 2 times p~r week, and an
alyzed for all control parameters by the second day 
after the sample is taken~ 

S331.106. Remedial Action for Excursion. If the verifying 
analysis indicates that mining solutions are present in a designat
ed monitor well, the operator shall take the following actions: 

(1) Notification - Notify the district office by the 
next working day by telephone and notify the execu
tive director by letter postmarked within 48 hours 
identifying the affected monitor well and submitting 
the control parameter .. concentrations. This letter 
shall be ·addressed to the executive director in care 
of the Director, Hazardous and Solid Waste Division. 

(2) Analysis - Complete a groundwater analysis report 
for each affected well on forms provided by the 
executive director (including Accuracy Checks and 
Stiff Diagram) for the following: pH, Calcium, 
Magnesium, Sodium, Potassium, Carbonate, Bicar
bonate, Sulfate, Chloride, Silica, Total Dissolved 
Solids (180°C), Specific Conductance and dilute 
Conductance, and any other specified constituents. 
Results shall be reported in accordance with 
S331.85(e) of this title (relating to Reporting 
Requirements) • 
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(A) Clean-up - The permittee will clean up all 
designated monitor wells, all zones outside of 
t~e production zone, and the production zone 
outside of the mine area that contain mining 
solutions. The permittee may use any method 
judged necessary and prudent to define the 
extent of the_mining solutions and to effect 
this clean-up in an expeditious and practical 
manner. Well clean-up is deemed to be accom
plished when the water quality in the affected 
monitor well(s) has been restored to values 
consistent with current local baseline water 
quality as confirmed by three consecutive daily 
samples for the Control Parameters. 

(B) The executive director may determine that 
cleanup is not necessary if the permittee can 
demonstrate th_at the change in water quality is 
not due to the presence of mining solutions or 
fluids from other mining activities. 

§331.107. Restoration. 
(a) Restoration table. Upon issuance and renewal, Class III 

permits and production area authorizations shall contain 
a restoration table listing restoration goals as proyided 
by §331.104 of this title (relating to Establishment of 
Baseline and Restoration Values). 

(b) Mining completion. When the mining of a permit or 
production area is completed, the permittee shall notify 
the appropriate Texas Water Commission district office, 
and the executive director, and shall proceed to reestab
lish groundwater quality in the affected permit or mine 
area aquifers to levels consistent with the values listed 
in the restoration table for that permit or mine area. 
Restoration efforts shall begin as soon as practicable 
but no later than 30 days after mining is completed in a 
particular production area. The executive director, 
subject to commission approval, may grant a variance from 
the. 30-day period for good cause shown. 

(c) Timetable. Aquifer restoration, where appropriate for 
each permit or mine area, shall be accomplished in 
accordance with the timetable specified in the currently 
approved mine plan, unless otherwise authorized by the 
commission. Authorization for expansion of mining into 
new production areas may be contingent upon achieving 
-restoration progress in previously mined production areas. 
within the schedule set forth in the mine plan. The 
commission may amend the permit to allow an extension of 
the time to complete restoration after considerins the 
following factors: 
(1) efforts made ~o achieve restoration by the original 

date in the mine plan; 
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(2) technology available to restore groundwater for 
particular parameters; 

(3) the ability of existing technology to restore 
groundwater to baseline quality in the area; 

(4) the cost of achieving restoration by a particular 
method; 

(5) the amount of water which would be used or has 
been used to achieve restoration; 

(6) the need to make use of the affected aquifer; and 
(7) complaints from persons affected by the permitted 

-activity. 
(d) Reports. Beginning six months after the date of ini

tiation of restoration of a permit or production area, as 
defined in the mine plan, the operator shall provide to 
the executive director semi-annual restoration progress 
reports until restoration is accomplished for the permit 
or mine area. . · 

(e) Stability sampling. The permittee shall obtain stability 
samples ·and complete an analysis for certain parameters 
listed in the restoration table from all production area 
baseline wells. Stability samples shall be conducted at 
a minimum of 30-day intervals for a minimum of three 
sample sets. and reported to the executive director. The,_ 
permittee shall notify the executive director at least 
two weeks in advance of sample dates in order to provide 
the opportunity for splitting samples and for selecting 
additional wells for sampling, if_ des·ired. To insure 
water quality has stabilized, a period of 180 days must 
elapse between cessation of restoration operations and 
the final set of stability samples. The executive 
director shall determine within· 45 days of the receipt of 
all sample analysis results whether or not restoration 
has been achieved. Upon acknowledgement in writing by 
the executive director confirming achievement of final 
restoration, the permittee shall accomplish closure of 
the area in accordance with §331.86 of this title 
(relating to Closure) • 

(f) Restoration table values not achieved. .After ~n appro
priate effort has been made to achieve restoration to 
levels consistent with values listed in the restoration 
table for a production area, the permittee may cease 
restoration operations, reduce bleed and request that 
the restoration table be amended. With the request for 
amendment, the permittee shall submit the results of 
three consecutive sample sets taken at a minimum of 
30-day intervals from all production area baseline 
wells used in determining the restoration table to 
verify current water quality. Stabilization sampling 
may commence 60 days a:fter cessation of restoration 
operations. 
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(1) In determining whether the restoration tabl~ 
should be amended, the commission will consider the 
follow~ng items addressed in the request: 
(A) uses for which the groundwater was suitable at 

baseline water quality levels; 
(B) actual existing use of groundwater in the area 

prior to and during mining; 
(C) potential future use of groundwater of baseline 

quality, and of proposed restoration quality; 
(D) the effort made by the permittee to restore the 

groundwater to baseline; 
(E) technology available to restore groundwater for 

particular parameters; 
(F) the ability of existing technology to restore 

groundwater to baseline quality in the area 
under consideration; 

(G) the cost of further restoration effortst 
(H) the consumption of groundwater resources during 

further restoration; and 
(I) the harmful effects of levels of particular 

parameter. 
(2) The commission may amend the restoration table if it 

finds that: 
(A) reasonable restoration efforts have been under

taken giving cortsideration to the ·factors 
listed in paragraph (l) of this subsection; 

(B) the values for the parameters describing water 
quality havE stabilized for a period of 180 
days; . · 

(C) the formation water present in the aquifer 
would be suitable for any use to which it was 
reasonably suited prior to mining; and 

(D) further restoration efforts would consume 
energy, water, or other natural resources of 
the state without providing a corresponding 
benefit to the state. 

(3) If the restoration table is amended, restoration 
sampling shall conunence and proceed as· ·described in 
subsection (e) of this section. 




