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P.O. Box 1717

Fruittand, New Mexico 87416 USA

Tel +1 505 598 5861 Fax +1 505 598 3361
bhpbilliton.com

November 5, 2007

Mr. John Tinger

United States Environmental Protection Agency
Region IX (WTR-5)

75 Hawthorne Street

San Francisco, California 94105

Re: National Pollutant Discharge Elimination System (NPDES) Permit NN0028193 —
BHP Navajo Coal Company — Navajo Mine

Dear Mr. Tinger:

BHP Navajo Coal Company (“BNCC”) appreciates this opportunity to submit this response to the
March 2, 2007 letter of comments submitted by the San Juan Citizens Alliance, Diné Citizens Against
Ruining our Environment, and the Clean Air Task Force (collectively the “Citizens Alliance”). This
letter begins with an introduction and summary of BNCC’s responses to the Citizens Alliance’s
comments (Part I). The letter then provides more detailed responses to individual comments (Part I1).

There are three attachments to this letter. Attachment 1 is a technical report, prepared by
Norwest Applied Hydrology -- “Technical Review of a Report Prepared by D.A. Zimmerman (2005)
Entitled: 4 Prediminary Evaliation of Poterntial For Suice Water Qually /mpacts From Fly As/f
Disposal at the Navajo Mine, New Mexicd (the “Norwest Report”). The Norwest Report was
prepared at the request of BNCC to review and respond to the May 23, 2005 report prepared by D.A.
Zimmerman and used in the Citizens Alliance letter of comments. (“Zimmerman Report”). Attachment
2 is the Supplemental Groundwater Monitoring Study (“SGS”) of BNCC, which is on file with OSM as
Appendix 11-MM of BNCC’s Permit Application Package. Attachment 3 is the Probable Hydrologic
Consequences (“PHC”) study of BNCC that accompanied BNCC’s Permit Application Package to
OSM. Chapter 11.6. This letter and all its attachments are for inclusion in the administrative record.
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l. INTRODUCTION AND SUMMARY OF RESPONSES

BNCC’s NPDES Permit No. NN0028193 (“NPDES Permit”) should be renewed as proposed
by EPA in its Notice of Proposed Action. EPA first issued an NPDES permit for Navajo Mine in 1977.
The terms of the proposed renewal of the NPDES Permit are quite similar to the terms of the NPDES
permit that it renews and the terms of the NPDES permits that came before it."! The NPDES permit
concerns rarely used outfalls for surface drainage at Navajo Mine.

The Citizens Alliance letter of comment focuses on coal combustion wastes (“CCBs). CCBs
have been placed subsurface in mine pit backfills at Navajo Mine since 1971 and regulated under
regulatory regimes other than the Clean Water Act. The Clean Water Act's NPDES permitting
requirements never applied to the CCBs because surface drainage does not mingle with the CCBs
buried subsurface at Navajo Mine. The buried CCBs are outside of any jurisdictional water, and do
not result in discharge of a pollutant from the CCBs to any jurisdictional water. No significant change
in these circumstances has occurred since the last issuance of the NPDES Permit, and the Citizens
Alliance’s effort now to alter and greatly expand the scope of the proposed NPDES Permit renewal
terms in order to address its recent concerns about CCBs buried subsurface at Navajo Mine is without
basis and should be rejected.

The Citizens Alliance’s request that the NPDES Permit be expanded to regulate various
aspects of subsurface disposal of CCBs seems to be based largely, on the Zimmerman Report, which
was prepared in 2005. The Zimmerman Report was funded by environmental groups to respond to
information presented by BNCC and the Office of Surface Mining (“OSM”) at a National Academy of
Sciences meeting in December 2004 concerning coal combustion residue.? The Zimmerman Report
was conducted with an incomplete data set, and it provides inadequate basis for the conclusions it
reaches and for the effluent limits and permit conditions the Citizens Alliance seek. Summarized
below are several primary points in response to the letter of comments and Zimmerman Report. More
detail is presented in Part 2 of this letter.

Contrary to inferences drawn by the Zimmerman Report, existence of higher constituent
concentrations downstream from the mine than upstream should not be attributed to disposal of CCBs
at the mine. The Citizens Alliance uses that report to infer that because data from Chaco River show
higher concentrations of certain constituents downstream of the mine than upstream, the difference

! The proposed permit renewal incorporates recent regulatory changes that are not central to the

Citizens Alliance position, but otherwise it does not change the previous permit significantly.
2 Although the Zimmerman Report states in its introduction that it “was undertaken to support” a National
Research Council (“NRC”) study, and its cover prominently references the National Academy of Sciences
(“NAS”), the report was not commissioned or adopted by either NRC or NAS. In fact the comprehensive 2006
report of the National Research Council, Managing Coal Combustion Residues in Mines, observed that
environmental impacts described by the Zimmerman Report and others “have not withstood the scrutiny of
review by the scientific and/or regulatory communities” and therefore “are not explicitly discussed in this
report.” p. 82
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should be attributed to an unidentified and unproven discharge from Navajo Mine. The attached
Norwest Report demonstrates that EPA should reject that blanket assumption because the upstream
and downstream data used by Citizens Alliance is incomplete and does not support their assumption.
Moreover, the Norwest Report concludes that the difference in concentrations is due to natural
factors.

There is no discharge from CCBs at Navajo Mine to any jurisdictional water. First, BNCC
does not place CCBs in jurisdictional waters; they are placed in dry subsurface pits outside of
jurisdictional waters. Second, because CCBs are buried in subsurface pits, no surface runoff from
CCBs has or could reach jurisdictional waters. Third, even if pollutants in ground water with a
connection to jurisdictional waters were in some circumstances regulated by the Clean Water Act, the
Navajo Mine does not present such circumstances. The Citizens Alliance fails to demonstrate
contamination of ground water acquifers resulting from placement of CCBs in mine pits at Navajo
Mine or any hydrologic connection between CCB placement locations and any surface waters,
including Bitsui Wash, Chinde Wash, or the Chaco River. To the contrary, data in the Norwest Report
indicates the absence of any contamination or such hydrologic connection.

. RESPONSES TO CITIZENS ALLIANCE COMMENTS

A. BNCC'’s Subsurface Placement of CCBs Has Not Caused An Increase in TDS, Sulfate,
Boron or Selenium in the Chaco River or Bitsui Wash

Both the Zimmerman Report and the Citizens Alliance letter attempt to link increased levels of
sulfates in water collected at downstream monitoring stations to disposal of CCBs at the Navajo Mine.
The Norwest Report establishes that those efforts ignore several physical realities.

1. Leachates from CCBs have low concentrations of soluble sulfates relative to sulfates in
alluvial ground water and ground water in mine backfill, and therefore an increase in sulfate
concentrations is not an indicator of contamination by CCBs.

2. Sulfate levels in the region commonly increase as water moves through watersheds of
arid and semi-arid lands due to the dissolution of naturally occurring sulfate-bearing minerals, such as
gypsum. Thus, surface water in the Chaco Basin will typically demonstrate increased levels of sulfate
in the lower reaches of the watershed. Evaporation also contributes to increased sulfate
concentrations in the lower reaches.

3. CCBs are buried in subsurface pits, surrounded by overburden and not exposed to
surface runoff.
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Below, these circumstances are discussed in greater detail.

1. Chaco River: The Citizens Alliance’s claim that “historic reporting” indicates
that concentrations of TDS, sulfate, boron and selenium are increasing to a statistically significant
degree in the Chaco River from points upstream of the Navajo Mine to points downstream of the mine
is not supportable. The Citizens Alliance relies upon a discussion in the Zimmerman Report to
suggest that such downstream increases in concentrations are the result of CCBs disposal at the
mine. That link between constituent concentrations and disposal of CCBs at the mine is erroneous for
several reasons.

First, the Zimmerman Report seems to confuse the burying of CCBs for mine backfill at the
Navajo Mine with the use of surface impoundments by Arizona Public Service for the CCBs from Four
Corners Power Plant Units 1 — 3 (e.g., “...fly ash is piled unprotected and left in mountains...,” p. 21).
The Power Plant is not the subject of this NPDES permit. It and its operators are distinct from Navajo
Mine and BNCC. BNCC does not place CCBs in surface impoundments. Instead, as described in the
Norwest Report, BNCC places CCBs in subsurface pits on the mine site. Those pits are located in
subsurface strata that dip to the east, away from the Chaco River, at levels well below the alluvium.
Norwest Report, p. 35. The CCBs are encased in low permeability overburden and are capped with
at least ten (10) feet of low permeability cover material before being covered with topsoil. Moreover,
major drainages in the reclaimed areas are not routed over the CCB backfill areas. Thus, the CCB
are not exposed to surface water runoff at the Navajo Mine, and it is therefore unnecessary and
improper to include in the renewal of Permit No. NN0028193 the monitoring and effluent limitation
requirements that the Citizens Alliance requests. Norwest Report, pp. 5, 8-9.

Second, water quality data does not indicate that disposal of CCBs at Navajo Mine is causing
concentrations of water quality constituents in washes near Navajo Mine to increase. In preparing its
report, Norwest Applied Hydrology (“Norwest’) has undertaken a thorough review of the publicly
available data available through the OSM Library in Denver, Colorado concerning the hydrology and
geology at Navajo Mine.> Norwest Report, pp. 7-9. Norwest concludes that there is no cause and
effect relationship between disposal of CCBs at Navajo Mine and water quality in the Chaco River
based in part on its more comprehensive review of the publicly available data on Navajo Mine in the
OSM library and on data contained in the Zimmerman Report. The Norwest Report states:

No information or data presented in the Zimmerman Report indicates a
cause and effect relationship between CCBs disposal operations at the
Four Corners Generating Station or the placement of CCBs in mine
backfill at the Navajo Mine and the water quality in the Chaco River. In
fact, hydrologic information and observations at the Navajo Mine
indicate that CCBs in mine backfill at the Navajo Mine has not impacted

? Although this public information is available through OSM, the Zimmerman Report neglects to use it. That

Report’s elaborate explanation (pp. 6-10) about why its data is “insufficient” is not only questionable
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water quality in the Chaco River. CCBs at the Navajo Mine are placed
in mine pits that are excavated in subsurface strata that dip to the east,
away from the Chaco River. These mine pits are well below the
elevations of the alluvium of any tributaries to the Chaco River that cross
the Navajo Mine lease. At the northern portion of the mine, any ground
water associated with CCB placement in the Watson, Bitsui, Dodge,
Custer and Bighan Pits cannot flow to the west toward the Chaco River
because of the ten to twenty-five foot thick shale layer separating the
bottom of the pit from the Pictured Cliffs Sandstone (PCS) and the
higher ground water levels in the PCS due to the influence of Morgan
Lake which preclude such a pathway.

Norwest Report, p. 34.

Norwest concludes that the “statistical analysis of water quality monitoring data provided in the
Zimmerman Report does not demonstrate a cause and effect relationship between water quality
constituents in the Chaco River and the presence of either the Navajo Mine to the east along the
lower segment of the Chaco River or the past disposal of CCBs in surface impoundments at the

FCGS.” Norwest Report at p. 34. As the Norwest Report explains,

Furthermore, the statistical analysis of water quality monitoring data
provided in the Zimmerman Report does not demonstrate a cause and
effect relationship between water quality constituents in the Chaco River
and the presence of either the Navajo Mine to the east along the lower
segment of the Chaco River or the past disposal of CCBs in surface
impoundments at the FCGS. The Zimmerman report includes a
statistical analysis of TDS, sulfate, boron, and selenium concentrations
of surface water quality monitoring stations located along the Chaco
River and a number of its tributaries. The statistical analysis consists of
separating the data from the stations into the two groups outlined in
Figure 12 of the Zimmerman Report. A copy of that figure has been
provided in the report as Figure 13.

As shown on Figure 13 of the report, the downstream stations are
primarily locations along the perennial flow segment of the Chaco River
and include one station on Chinde Wash that is influenced by NAPI
irrigation return flows. The upstream stations consist of locations along
the ephemeral flow segment of the Chaco River and locations within
tributary segments, many of which are in the headwaters. Given this
grouping of stations, it is to be expected that soluble water quality
constituents, such as TDS, sulfate, selenium and boron, would be
higher at stations near the mouth of the drainage basin. Similar trends
occur throughout most drainage basins in the semi-arid portions of the
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western United States. The reason for the increase is that soluble
constituents increase in the downstream direction due to the dissolution
of soluble salts and the concentrating effects of evapotranspiration.

Furthermore, baseflow from regional ground water generally increases
in the lower portions of a drainage basin. Regional ground water flow in
the lower portions of drainage basins typically has much higher
concentrations of salts than local ground water flow systems in the
upper portion of drainage basins. Thus, the cause of the increase in
soluble water quality constituents at the downstream segment is
unrelated to CCB placement in pits at Navajo Mine or Four Corners
Generating Station. This natural downstream increase in the
concentration of salts occurs in the Chaco River. In fact, the grouping of
stations for statistical analysis in the Zimmerman Report specifically
separates the intermittent and perennial flow stations within the
downstream segment of the Chaco River basin from the other stations.
As a result, the data from the downstream stations reflect the higher
soluble salts in regional ground water discharge, which only occurs
within the downstream segment referred to in the Zimmerman Report.

Norwest Report at pp 33-34.

2.

Wash.” Citizens Alliance Letter at p. 2.

Bitsui Wash: The Citizens Alliance also contends that levels of sulfate, TDS, and
boron monitored in the surface waters of Bitsui Wash by the Navajo Nation EPA downstream of the
CCBs placed in Bitsui Pit have risen, “indicating the CCBs are the source of the degradation in the
In fact, however, the Norwest Report establishes that
“average TDS, sulfate and boron concentrations decreased at the surface water monitoring station
NB-2 on Bitsui Wash down gradient of the mine in comparison with the concentrations observed at
the surface water monitoring station NB-1 on Bitsui Wash up gradient of the mine.” Norwest Report at

p. 33. As the Norwest Report explains:

The Zimmerman Report concedes that “the data from only 5 of the 7
monitoring stations listed in Table 7-7 of the PAP were reviewed.” The
other two stations, NB-1 and NB-2, are located on Bitsui Wash. As
shown in Table 4, the data from these stations show that the mine does
not result in increased TDS concentrations at the station downstream of
the mine. Under natural conditions, Bitsui Wash would flow ephemerally
during times of high precipitation. However, due to the existence of
NAPI and its associated irrigation return flows, this stream flows
intermittently at both monitoring stations. NB-1 is located upstream of
the mining at the Bitsui Pit before SMCRA regulation was implemented
and there is no mining disturbance located upstream of this station. NB-
2 is located downstream of Bitsui Pit and receives precipitation runoff
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from areas of historic mining that predates SMCRA. The water quality
summaries for these two stations in Table 4 shows that the average
concentrations of TDS, sulfate and boron actually decrease at the
station NB-2, located downstream of mining, in comparison with the
station NB-1 located upstream of mining.

Norwest Report at 32. Moreover, the NPDES Permit outfalls are not at Bitsui Wash; Bitsui Wash is
unrelated to the NPDES Permit.

3. CCB Disposal Operations Do Not Require an NPDES Permit. The Norwest Report
establishes not only that there is no correlation between disposal of CCBs and constituents in nearby

washes, but it also supports that disposal of CCBs at Navajo Mine falls outside the proper scope of an
NPDES permit. Generally speaking, an NPDES permit is not necessary for an activity that does not
involve the discharge of a pollutant from a point source into navigable waters. Clean Water Act, §§
301(a) and 402. The only discharges that have occurred at Navajo Mine have been permitted under
the existing Section 402 permit. They have been infrequent and have met NPDES effluent limits.
These discharges have occurred in locations unrelated to CCB disposal.

The Norwest Report establishes that CCB disposal operations do not result in a discharge of a
pollutant from a point source into navigable waters.

1. The CCBs are deposited outside of jurisdictional waters.
2. There is no surface runoff across the CCBs; they are buried in pits.
3. Not only is there no surface connection between CCBs and the adjacent

washes, there is no ground water connection resulting in a discharge of a pollutant. The Norwest
Report validates the conclusion that CCBs have not caused ground water contamination.

4, Furthermore, Norwest validates that constituents found in ash, have not entered
nearby jurisdictional water through ground water.

B. Additional Monitoring for Arsenic, Cadmium, and Lead Is Neither
Necessary nor Appropriate.

The Citizens Alliance premises its request that EPA include “water-quality based effluent limits
for arsenic, cadmium and lead in NPDES permit NN0028193" on the assumption that these
constituents are “rising to harmful levels in the Shumway Arroyo alluvium” as a result of placement of
CCBs in pits. The Norwest Report and the extensive documentation on file with the OSM concerning
the Navajo Mine lease area demonstrate that the Citizens Alliance’s premise is invalid in several
respects:
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1. The Shumway Arroyo is not at Navajo Mine; it is near San Juan Mine, which is
located approximately 13 miles to the north, on the north side of the San Juan River. The allegations
about a connection between CCBs and the Shumway Arroyo are not relevant to Navajo Mine.

2. As described above, the CCBs at Navajo Mine are placed in locations and at
depths that prevent any groundwater that may come into contact with the CCBs from reaching surface
water. Seeg, e.g Norwest Report at p. 30 (“These mine pits are well below the elevations of the
alluvium of any tributaries to the Chaco River that cross the Navajo Mine lease. At the northern
portion of the mine, any ground water associated with CCBs placement in the Watson, Bitsui, Dodge,
Custer and Bighan Pits cannot flow to the west toward the Chaco River because of the ten to twenty-
five foot thick shale layer separating the bottom of the pit from the Pictured Cliffs Sandstone. . . .
Norwest Report, p. 35 “)

3. The mine spoils around the CCBs placed at the Navajo Mine retard migration in
groundwater of the contaminants of concern as demonstrated in the Norwest Report, the
Supplemental Groundwater Study, leach studies on file with OSM, and other records. See eg,
Norwest Report; p. 26.

4, The extensive monitoring data on file with OSM establishes that the CCBs
placed at the mine are not impacting groundwater. As the Norwest Report summarized:

The Zimmerman Report concludes its review of the SGS with the
statement that the SGS does not conclusively demonstrate that CCB
disposal activities have a negligible impact on off-lease surface and
ground water quality. The report also questions how the results of the
SGS, a local scale study at Bitsui Pit, can be used to support the
statement that CCB disposal has negligible impact on regional ground
water quality. The question fails to recognize that the study focused on
the Bitsui Pit because of the pit and CCB saturated from nearby NAPI
irrigation and the potential for off-site migration of ground water from the
mine backfill. CCB were placed in the Bitsui Pit prior to SMCRA and
prior to NAPI irrigation. The Bitsui Pit is the only location at the mine
where CCBs are placed in a backfilled mine pit where significant levels
of saturation subsequently developed. Furthermore, concurrent with the
SGS at the Bitsui Pit, monitoring wells were also completed in the CCB
disposal locations within the Watson, Custer and Doby pits. All but the
Watson-4 well were dry. Saturation in the Watson-4 well was limited to
about 1 to 2 feet above the base of the mine pit. The limited saturation
in Watson-4 well and the dry condition in the downgradient Watson-1
well demonstrate that CCB disposal at these pits has negligible contact
with or impact on regional ground water.

Norwest Report at p. 24.
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In light of the Norwest Report conclusions, the Citizens Alliance’s request for additional
monitoring is contrary to the Clean Water Act. In the absence of any credible connection between
disposal of CCBs in buried pits and a discharge of a pollutant to a navigable water, the requested
permit conditions for enhanced monitoring should be rejected as beyond the appropriate scope of an
NPDES permit. The Citizens Alliance would have EPA essentially assume jurisdiction over regulation
of CCBs disposal operations well outside of jurisdictional waters, despite the absence of credible
evidence tying disposal of CCBs to the proper subject of an NPDES permit — the discharge of
pollutant from a point source into jurisdictional waters. OSM has been regulating mine disposal of
CCBs in pits. It also has issued an advanced notice of proposed rulemaking to propose new
regulations pertaining to placement of coal combustion byproducts at surface mines. 72 Fed. Reg.
12026-12030 (March 14, 2007).

The Citizens Alliance also relies upon a January 3, 1994 Guidance Memorandum from the
West Virginia Office of Mining and Reclamation entitled “Disposal and Utilization of Coal Ash on
Surface Mining Operations” as precedent to support its claim that EPA should establish additional
effluent characterization, monitoring and limits for this permit. The Guidance Memorandum was
issued more than 5 years before the EPA studies and final regulatory determination concerning
CCBs. EPA should not premise its permitting decisions on a state document from West Virginia,
inapplicable to New Mexico.

D. The Citizen Alliance’s Request for Further Characterization of CCBs Are
Unnecessary and Should be Denied.

The Citizens Alliance request that EPA require additional characterization of the CCBs being
placed at Navajo Mine is unnecessary for several reasons. First, extensive work has already been
undertaken to characterize the CCBs. Both the Supplemental Groundwater Study and the Probable
Hydrologic Consequences study, both of which accompany BNCC's application to OSM, already
provide detailed analysis of the constituents and leach characteristics of the CCBs. Copies of both of
those documents are attached to this letter as Attachments 2 and 3, respectively. The Supplemental
Groundwater Study was thoroughly reviewed by both OSM and the Navajo Nation EPA as part of
BNCC'’s significant mine permit revision to permit CCBs placement. That mine permit revision was
approved after a determination was made that CCBs placement is an environmentally sound practice
that would comply with all applicable environmental standards and requirements.

Second, as described above, long term monitoring of pits containing CCBs at the Navajo Mine
demonstrates that only one pit, Bitsui Pit, contains CCBs with significant moisture content. The
monitoring further demonstrates that CCBs placement does not have an impact on groundwater or
surface water in the area.
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Once again, BNCC appreciates the opportunity to provide this response to the comments
concerning the renewal of NPDES permit NN0028193. Please feel free to raise any questions you
may have.

Very truly,
A

Kent Applegate

cc: Charles Roybal
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EVALUATION OF POTENTIAL FOR
SURFACE WATER QUALITY IMPACTS
FROM FLY ASH DISPOSAL AT THE
NAvAJo MINE, NEw MEXico.”

Submitted to:
BHP NAVAJO COAL COMPANY

October 22,2007

Norwest Applied Hydrology

950 So. Cherry St., Suite 810
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1 INTRODUCTION

Norwest Applied Hydrology (“NAH”) prepared this report at the request of BHP Navajo Coal
Company (“BNCC”) to provide a technical review and response to the report by D.A
Zimmerman entitled “A Preliminary Evaluation of Potential for Surface Water Quality Impacts
from Fly Ash Disposal at the Navajo Mine, New Mexico 2005 (the “Zimmerman Report™).
The Zimmerman Report’s stated objective was an evaluation of the adequacy of the data and
legitimacy of the conclusions in BNCC’s December 7, 2004 presentation to the National
Academy of Sciences (NAS) Committee on Mine Placement of Coal Combustion Waste entitled
“Placement of Coal Combustion Byproducts (CCB) at New Mexico Coal Operations.”

BNCC’s Presentation to NAS concluded that placement of CCBs in mined out areas is an
environmentally sound practice in Northwestern New Mexico based on the following reasons:

e CCB:s are placed in locations within the pit that are generally dry or free of ground water
in accordance with the approved SMCRA permit.

e The spoil or backfilling material is generally silty or clayey and provides a natural barrier
to water movement into or out of the CCB materials placed within the backfill.

e CCB materials are chemically similar to backfill material encountered at the mine.
CCB placement plans and engineering controls, including covering with sufficient
material to prevent plant roots and surface water from directly coming into contact with
CCBs. are reviewed, approved and monitored by regulatory authorities.

e Mine site placement of CCB reduces total land disturbance and eliminates offsite
transport and disposal.

e No significant impacts to the environment are predicted.
CCB placement is heavily regulated and monitoring is required until final bond release.

BNCC'’s Presentation to NAS also included the results of a monitoring study of CCBs placed in a
mine pit in the northern portion of the mine referred to as the Bitsui Pit. The Bitsui Pit was mined
in the 1960s and CCBs were placed in the Bitsui Pit during backfilling of the pit in the 1970’s.
The study was performed because saturation conditions developed in this pit as a result of
irrigation activity by NAPI, which began at locations adjacent to the Bitsui Pit in the early 1980s.
This study showed that even where groundwater is present, the water quality of leachate from the
ash is similar to that of water that contacts only backfill and both ash and backfill waters have
TDS levels similar to baseline.

The Zimmerman Report takes issue with BNCC’s conclusion that no significant impacts to the
environment are predicted or expected as a result of CCB placement at the Navajo Mine. Based
on what he conceded was a limited data review, Zimmerman advances interpretations and
reaches conclusions that he asserts warrant further investigation. In this report, NAH has
investigated in greater depth using relevant publicly available information from the Navajo Mine
and Office of Surface Mining (OSM) files the conclusions in the BHP presentation and the
alternate interpretations and conclusions provided in the Zimmerman Report.
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2 EXECUTIVE SUMMARY

The Zimmerman Report’s assertions that BHP’s monitoring data in the vicinity of Bitsui Pit
indicate “ash-constituent migration toward the mine-permit boundary” and that CCB disposal
practices have already adversely impacted the water quality in the Chaco River are not supported
by the voluminous, publicly available data. This report provides the data and interpretations that
refute these assertions.

The Zimmerman Report accuses BNCC of making misleading and/or unsupported statements to
the NAS Committee and specifically references the statement that “groundwater is very saline
with total dissolved solids typically > 10.000 mg/l toward the basin interior and > 25,000 mg/I to
the east” as an example. However, it is clear from the baseline ground water data presented in
the PAP that the ground water in the coals of the Fruitland Formation within and near the Navajo
coal lease is very saline. The median TDS concentration for all coal wells within the lease is
over 8,000 mg/l and TDS concentrations increase to levels greater than 40,000 mg/l within
distances of a mile or less in the coal downgradient of the lease boundary. Thus, the statement
by BNCC is neither misleading nor unsupported. On the contrary, the Zimmerman Report
suggestion that a TDS value of 2,345 mg/l is representative of baseline conditions for the
Fruitland Formation near the mine is misleading and unsupported.

The Zimmerman Report improperly relies upon surface water quality data from the San Juan
River that is impounded in Morgan Lake and from Gallegos Canyon 18 miles to the east to draw
conclusions about ground water quality impacts associated with subsurface disposal of CCBs at
Navajo Mine. First, neither of those surface water sources are representative of the ground water
in the vicinity of the Navajo Mine. Second, the Zimmerman Reports’ attempt to link increasing
surface water sulfate levels to placement of CCBs in backfill at Navajo mine is unsupported by
the data. Both the leaching tests and the ground water monitoring results obtained by BNCC
demonstrate that sulfates are at lower concentrations in CCBs than in the native overburden rock
that has been used to backfill the mine pits. It is quite unlikely that CCB placement at the mine
causes increased sulfate levels.

Third, ground water studies and ground water monitoring in the only CCB placement areas that
have been exposed to ground water infiltration demonstrate that CCB leachates at the Bitsui and
Watson Pits do not materially impact ground water quality. BNCC has conducted ground water
studies and monitoring at these pits that were mined and backfilled prior to SMCRA and were
not included in BNCCs past or current SMCRA permits. The Zimmerman Report questions how
a local scale study at Bitsui Pit can be used to support the statement that CCB disposal has
negligible impact on regional ground water quality. This question fails to recognize that the
study focused on the Bitsui Pit because this is the only location at the Navajo mine where CCBs
have been placed in a backfilled mine pit where significant levels of saturation have developed.
Some saturation has also developed within the backfill of the Dodge Pit due to NAPI irrigation
return flow seepage along the highwall at the northeast side of the pit, but CCBs were not placed
within the saturated portion of this pit. Monitoring wells were also completed in CCB disposal
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locations within the Watson, Custer and Doby pits. All but the Watson-4 well were dry and the
saturation in the Watson-4 well was limited to about 1 to 2 feet above the base of the mine pit.
These data demonstrate the dry condition of CCB placement at all locations but the Bitsui and
Watson Pits. Furthermore, the limited saturation in the Watson—4 well and the dry condition in
the downgradient Watson-1 well demonstrate that CCB disposal at the Watson Pit has negligible
contact with or impact on ground water.

The Supplemental Groundwater Study (SGS) included as Appendix 11-MM of the PAP
concludes that “ash burial and potential ash affected groundwater does not impact the water
quality or quantity significantly as to change the designated use or classification of groundwater
or surface water.” The SGS found that regional ground water use of the Fruitland Formation is
virtually nonexistent due to poor water quality and poor water yield. This statement is supported
by studies completed by the US Geological Survey and by Office of Surface Mining. The
baseline monitoring data obtained by BNCC also shows that ground water quality in the
Fruitland coals and Pictured Cliffs Sandstone within the mine lease is poor, with TDS
concentrations typically greater than 5,000 mg/l. Further down dip the baseline ground water
TDS concentrations typically exceed concentrations of 30,000 mg/l, which is not suitable for any
use due to the very high TDS.

The Zimmerman Report erroneously concludes that mine water leachates are the cause for the
increase in TDS and sulfate observed at the Chinde Arroyo monitoring station downstream of the
mine in comparison with the monitoring station on Chinde Arroyo upstream of the mine. While
an increase in TDS and sulfate has been observed, the increase is the result of the concentrating
influences of evapotranspiration loss from the wetlands areas associated with the Chinde
Diversion and NAPI irrigation return flows entering the Chinde Diversion. There are no
contributions of surface flows or ground water seepage from the mine area to the Chinde
Diversion as the Zimmerman Report suggests.

Finally, the conclusion in the Zimmerman Report that an increase in soluble water quality
constituents along the lower perennial flow segment of the Chaco River strongly suggests that
mining and CCB disposal practices at the mine have already adversely impacted the quality of
the Chaco River is both misleading and unsupported. Increasing TDS and sulfate concentrations
are a natural occurrence in drainage basins located within the semiarid west, particularly when
comparing data high in the watershed to data much further downstream. The increase is
typically due to the dissolution of soluble salts and the concentrating effects of
evapotranspiration. The statistical comparisons demonstrate no cause and effect relationship
between CCB placement at the mine and water quality in the Chaco River.
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3 BACKGROUND

Navajo Mine is a large surface coal mine located in northwest New Mexico. Navajo Mine has
been operated since 1963 to supply the Four Corners Generating Station, a mine mouth
Generating Station. Navajo mine is on a mining lease from the Navajo Nation, the boundaries of
which are shown on Map 1. Map 1 also shows the locations of the Four Corners Generating
Station. The mine currently supplies about 8.5 million tons of coal to the Four Corners
Generating Station, a 2,040-megawatt power plant. Morgan Lake, a large surface impoundment
shown on Map 1, supplies water to both the Navajo Mine and the Four Corners Generating
Station. The water supply for Morgan Lake is pumped from the San Juan River located north of
the lake as shown in Map 1.

Various surface water features are shown on Map 1 including the segment of the Chaco River
located to the west of the Navajo Mine and the Four Corners Generating Station. The drainage
basin area for the Chaco River is over 4,350 square miles and only the segment near its mouth at
the confluence with the San Juan River is shown. Chinde Arroyo and Cottonwood Arroyo,
shown on Map 1, are major tributaries to the Chaco River that pass through the Navajo Mine
lease. Diversions constructed to route Chinde Arroyo and Cottonwood Arroyo around mining
and reclamation operations are also shown on Map 1. Bitsui Wash, which passes through the
northwest portion of the lease and flows to the San Juan River, is also shown on Map 1. BNCC
has established surface water monitoring stations on these tributaries at the locations shown on

Map 1.

CCBs from generating units 1, 2, and 3 at the Four Corners Generating Station (FCGS) have
been managed and disposed in ash ponds located on the power plant site as shown in Map 1.
Those ash ponds are not under the control of BNCC and are not the subject of the BNCC
presentation to NAS. Since 1971, CCBs from generating units 4 and 5 have been placed in mine
pit backfills at Navajo Mine. Initial authorization for mine placement of CCBs was approved by
the Navajo Nation and the United States Department of the Interior. These CCBs are the mineral
constituents that remain following combustion of the coal and consist primarily of inert
constituents including silicon dioxide, aluminum oxide, and calcium sulfite. The volume of
CCBs placed within the backfilled mine pits is approximately 1.6 million tons per year or about
3% of the total volume of material used to backfill the pits. The remaining backfill material is
the overburden and interburden materials removed during mining of the coal. The CCBs were
placed at discrete locations in the Bitsui and Watson Pits during backfilling of these pits in the
1970s. The CCBs were covered with backfill material to isolate the CCBs from plant roots or
surface water.
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The Bitsui and Watson Pits were mined in the mid 1960s and backfilled in the 1970s. The
location of the mine pits at the Navajo Mine are shown on Map 1. Mining, CCB placement and
backfilling of the Bitsui and Watson pits was completed before the promulgation of regulations
under the Surface Mining Control and Reclamation Act of 1977 (SMCRA). CCB placement
within these mine pits also preceded the Navajo Agricultural Products Industry (NAPI) irrigation
activities which began in the area in the early 1980s. The NAPI irrigation plots located to the
east of the Navajo Mine are also outlined in Map 1.

Following the adoption of SMCRA regulations, mining and reclamation activities within the
Navajo Mine Permit Area, including the placement of CCBs, has been regulated by the Office of
Surface Mining (OSM). The OSM regulations require permit approval for all mining and
reclamation activity. Permit applications must describe the premining environmental conditions
and land uses; provide the detailed plans for all aspects of mining and reclamation; describe how
mining and reclamation operations will be conducted and implemented to meet the SMCRA
performance standards for protection of the environment; and include a plan for post mining land
use that describes how reclamation will maintain the designated land use. SMCRA also requires
that mining companies post a bond sufficient to cover the cost of reclaiming the site. The bond
ensures that the mining site will be reclaimed even if the company goes out of business or fails to
complete reclamation in accordance with the permit. The OSM also performs inspection to
ensure that mining and reclamation operations are being conducted in accordance with the
approved permit.

A very large number of reports, studies and correspondence have been generated over the 44
year period since mining operations at the Navajo Mine began in 1963. Regulations, monitoring
technology and protocols, operating procedures, and documentation and reporting requirements
have changed considerably over this time period. Hydrologic studies and monitoring well
completions at the mine started in the early 1970°s long before the SMCRA regulations were
adopted. Hydrologic studies and monitoring expanded under the OSM regulations. The
monitoring well construction information and monitoring data are scattered throughout numerous
reports given the long-history and numerous hydrologic studies that have been conducted at the
mine. Some of wells have been mined out or plugged and abandoned. Virtually all of the
“relevant” information concerning hydrology, water quality and placement of CCBs at the
Navajo Mine is also on file at the OSM library in Denver, where the public is free to browse the
files and can pay a nominal fee to make copies of relevant information.

The U.S. Bureau of Reclamation issued the first Environmental Impact Statement (EIS) for the
mine in 1976 for the “Proposed Modification of Four Corners Generating Station and Navajo
Mine, San Juan County, New Mexico.” Ground water information was developed in support of
this EIS. Science and Engineering Resources, Inc. prepared several reports that described the
relevant ground water studies developed in support of this EIS as well as another EIS issued in
1976 by the US Bureau of Reclamation for the “Proposed Western Gasification Company
(WESCO) Coal Gasification Expansion of Navajo Mine by Utah International Inc. San Juan
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County, New Mexico.” Copies of all the relevant draft and final EIS documents are on file in the
OSM library.

Arizona Public Service Company, BHP, and its predecessor Utah International have also
conducted a number of environmental assessments of the CCBs that have been placed within
backfill as part of mine reclamation operations. A 1974 report by Woodward-Envicon, Inc.
entitled “Trace Element Study for the Four Corners Generating Station and the Navajo Mine”
included a study of trace elements in CCBs. This study also examined trace element
concentrations in various environmental receptors in the vicinity of the mine and generating
station, including, air, water, soil, plants, fish and terrestrial animals. Subsequently, a study
entitled “A Laboratory Investigation of Processing and Handling Options of Fly Ash and FGD
Sludge from the Four Corners Generating Station” was completed by Radian Corporation in
1981.  This report studied the leachate properties of fly ash, FGD sludge and ash blends and
found that the leachate quality of all CCBs were nontoxic as related to RCRA guidelines.

Since SMCRA became law, BNCC has developed mining and reclamation plans as part of the
Permit Application Package (PAP) and periodic revisions and updates that are submitted to the
OSM for approval.  These submittals have included baseline hydrology monitoring and
characterization, hydrologic monitoring programs for operations and reclamation, hydrologic
reclamation plans and assessments of the probable hydrologic consequences (PHC) of proposed
mining. The geologic and hydrologic information and monitoring results describe the site-
specific conditions and provide the foundation for the PHC determination. Of course, since
mining at the Navajo Mine started long before SMCRA became law, baseline hydrologic
monitoring data generally does not exist for Area I and portions of Area II of the Navajo Mine.
Nevertheless, a considerable amount of surface and ground water monitoring has been conducted
in both of these areas as well as for the current and proposed expansions within Areas III and IV.
These data and interpretations have been included in the PAP documents and related
correspondence that has been submitted to the OSM. All of this data is publicly available
through the OSM library.

Approvals have been obtained from OSM to continue the placement of CCBs in mine pit backfill
at the Navajo Mine. These CCBs are placed back in the mined out pit, in order to achieve the
restoration of approximate original contour and are typically surrounded above and below with
the overburden that was removed in mining the coal. It is important to realize that CCB disposal
practices and associated baseline monitoring and hydrogeologic characterization has changed
considerably since the completion of mining of the Bitsui Pit in the mid 1960’s. The SMCRA
regulations also mandate that all aspects of mining protect the hydrologic balance with respect to
the quality and quantity of water both during and after mining.

To ensure protection of the hydrologic balance with respect to CCB use as backfill at the Navajo
Mine, the OSM has reviewed and approved the plans developed by BNCC for CCB disposal.
These plans include descriptions of the physical and chemical properties of the CCB materials;
the proposed disposal locations; the volumes and rates of disposal; a depiction of the final
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surface configuration; the schedule, type and depth of cover; the plans for fugitive dust control;
and the probable hydrologic consequences (PHC) resulting from the proposed use of CCBs as
mine backfill. The performance standards under the approved plan require covering the CCBs
with spoil and avoiding placement beneath drainages to prevent the CCBs from being exposed at
the surface and to prevent plant roots and surface water from directly coming into contact with
the buried CCBs. Since the Bitsui Pit became saturated due to NAPI irrigation, BNCC has also
avoided the CCB placement in mine pits that are expected to become saturated as a result of
NAPI irrigation or other sources. Observational information, including the locations and
magnitude of any ground water seeps at active mine pits, predictions from hydrogeologic
interpretations and models, and locations for post mining drainages are all used to select the
locations most suitable for CCB placement.

Also, BNCC has completed detailed studies of the constituents leached from CCBs and of the
hydrology of the mine with respect to CCB disposal locations in support of the CCB disposal
plans and the PHC determination. These studies have included a 1984 study and report by IT
Corporation entitled “Laboratory Assessment of Ground Water Quality Impacts from Ash
Disposal at the Navajo Mine.” This report and a related report by IT Corporation entitled
“Ground Water Leachate Transport Studies to Assess Ground Water Quality Impacts of Ash
Disposal at the Navajo Mine” were included in the PAP along with the Plans for CCB placement
and cover. Subsequent studies were also completed under the OSM permitting process,
including:
e A 1986 study of the “Effects of Fly Ash Burial on Selenium Content of Vegetation at San
Juan and Navajo Mine at Farmington, New Mexico”
e A 1987 “Rooting Depth Study Atriplex canescens” concerning required depth of
overburden cover over CCBs placed in mine backfill at the Navajo Mine
e A 1993 “Fly Ash Disposal, Supplemental Groundwater Monitoring Plan” for CCBs
placed in mine backfill at the Navajo Mine
e A “Supplemental Groundwater Study, November 1996 through March 1998”
(APPENDIX 11-MM of the PAP)

The purpose of the Supplemental Groundwater Study (SGS) was to investigate possible impacts
to ground water from previous CCB disposal at Navajo Mine. The investigation was
accomplished by installing six ground water-monitoring wells within mine backfill and CCB
disposal areas in the Bitsui Pit. The Bitsui Pit is in the northeastern portion of the mine lease
area, as shown on Map 1. The Bitsui Pit location was selected for the study for the following
reasons:

e Unlike other CCB placement locations at the mine, the CCBs at the Bitsui Pit were
expected to be largely saturated based on the close proximity to center pivot irrigation
conducted by Navajo Agricultural Products Industry (NAPI”) east of the mine lease, and

e The saturated CCBs at the Bitsui Pit are closest to the San Juan River of the CCBs that
have been placed in mined out areas of the Navajo Mine.
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4 TOPICS OF STUDY

Based on a “very limited data review and analysis,” the Zimmerman Report offers alternate
interpretations and conclusions concerning the following subjects:

I. CCB disposal at and monitoring of the Bitsui Pit,
2. surface water quality monitoring on Chinde Wash and Cottonwood Wash, and
3. surface water quality information from the Chaco River Basin.

In contrast, this report provides a more detailed review and evaluation of these interpretations
and conclusions based upon investigations of the historic CCB disposal at the Navajo Mine; the
studies of CCB properties and leachate characteristics; the considerable amount of geologic,
ground water and surface water information provided in the PAP; and the recent monitoring
performed at Navajo Mine.
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5 BITSUI PIT ASH DISPOSAL DATA AND INTERPRETATIONS

The Zimmerman Report questions some of the interpretations provided in both BNCC’s
presentation to the NAS and in the SGS (Appendix 11-MM of the PAP) related to the current
ground water conditions associated with historic CCB placement at the Bitsui Pit. The PHC
provided in the PAP addresses the potential adverse effects of CCB disposal on ground water
quality.  These results were summarized in BNCC’s presentation to the NAS committee in
December 2004. Those presentations described the CCB disposal process and summarized data.
All of BNCC’s detailed studies and investigations supporting the summary could not be included
and presented to the NAS in the limited time allowed for the presentation. Zimmerman attempts
to refute the statement in the BNCC presentation to the NAS that the baseline ground water near
the mine and the Bitsui Pit is very saline with TDS typically greater than 10,000 mg/l. He
insinuates that the BHP statement is misleading and that that these TDS values are derived
exclusively from deep wells that have no relationship to background values in the vicinity.

The Bitsui Pit is located along the north end of the mine as shown in Map 1 and Figure 2. The
Bitsui Pit was mined in 1964-1965 and was backfilled in the mid-1970s. Some of the backfill in
this area consisted of CCBs from the Four Corners Generating Station. CCBs were placed at
discrete locations within the backfill and surrounded by and covered by overburden removed
during mining of the coal. Approximate CCB placement locations within the Bitsui and Watson
Pits are shown in Figure 2. Irrigation activity by NAPI began at locations adjacent to the Bitsui
Pit in the early 1980s. The NAPI irrigated plot that is closest to Bitsui Pit is shown on Figure 2.
NAPI irrigation has had a significant influence on both nearby ground water elevations and flow
directions.

As indicated in the “Cumulative Hydrologic Impact Assessment” completed for the Office of
Surface Mining by Kamen Tempo (February 1984), ground water yields from the Friutland
Formation and the Pictured Cliffs Sandstone in the vicinity of the Navajo Mine are extremely
Jow due to limited saturation and very low permeability. Also, Myers and Villanueva in the US
Geological Survey, Water Resources Investigations Report 85-4251 (1986) provide the result of
water quality monitoring, which demonstrate the overall poor water quality in the Fruitland
Formation in Northwestern New Mexico. This study also shows that the general gradient for
ground water movement in the Fruitland Formation and the Pictured Cliffs Sandstone (PCS) in
the vicinity of the Navajo Mine Lease is north toward the San Juan River, although ground water
flow directions can change locally.

5.1 BASELINE WATER QUALITY AND THE SOURCE OF WATER IN THE BITSUI PIT

Navajo Mine has been monitoring static water level (SWL) and collecting water quality samples
from several No. 8 seam coal wells in the vicinity of Bitsui Pit starting in 1985 and 1986. Time
plots of water elevations measured in the nearest coal wells are provided in Figure 1. Over an
11-year period from 1985 to 1996, SWL in the No. 8 coal seam rose 11 feet in well KF83-1,
which is near the southeast corner of the Bitsui Pit. During that same period of time, water levels
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rose S feet in well KF84-16, which is also completed in the No. 8 coal seam further east of Bitsui
Pit as shown in Figure 2. The Bitsui 3 well is completed in the No. 8 coal seam east of the Bitsui
Pit but west of the well KF 84-16. The Bitsui 2 well is completed in the No. 8 coal seam
immediately north of the Bitsui Pit as shown in Figure 2. Water elevations have appeared to
increase in both the Bitsui 2 and 3 wells, but they were installed in 1995 so the trend prior to that
date is uncertain. SWL in these four wells appears to have reached an equlllbrlum stage with
relatively little change in SWL since 1996, as indicated in Figure 1.

Figure 1. Water Elevations in Coal Monitoring Wells in the Vicinity of the Bitsui Pit
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The rise in water levels is associated with NAPI irrigation recharging the Bitsui Pit and the coal.
Observations of ground water seepage from the Fruitland Formation along the highwall at the
northeast end of the Dodge Pit adjacent to and southwest of the backfilled Bitsui Pit supported
this conclusion. Also, the NAPI irrigation has produced return flows sufficient to maintain
perennial flows in Bitsui Wash upstream of the mine and to provide a water source for the
perennial pond located on a branch of Bitsui Wash and referred to as “NAPI Pond” on Map 1.
These sources of water from NAPI irrigation return flows are sufficient to migrate down gradient
and saturate the backfilled Bitsui Pit.
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The Zimmerman Report argues that the source of the recharge water for the Bitsui Pit and the
nearby coal wells is recharge from Morgan Lake and from the nearby NAPI irrigation, although
the relative amount of water from each source is unknown. As shown on Figure 2, Morgan Lake
is well to the southwest of the Bitsui Pit. The Zimmerman report argues that the NAPI irrigation
water is not the likely source of TDS in the Bitsui Pit or in well KF-83-1 because lower TDS
concentrations have been observed at a surface monitoring station in Gallegos Canyon, located
below a NAPI irrigation site 18 miles to the east. However, it is incongruous to use surface
water data downstream of an irrigation site situated within different geologic conditions 18 miles
east as an analog of baseline water quality for either NAPI irrigation return flows in the vicinity
of the mine or for baseline water quality of the source water for the Bitsui Pit. The Zimmerman
Report tries to discredit the use of data from well KF-83-1 to represent background water quality
in the Fruitland coal and uses the term “misleading” for BNCC’s statement to the NAS
committee that “groundwater is very saline” The Zimmerman Report then refers to an average
TDS concentration of 2345 mg/l as representative of local ground water based on a USGS
regional study within the entire San Juan Structural Basin. Again it is incongruous to use an
average TDS from data across a wide region, much of it from water supply aquifers within
recharge areas at much higher elevations, as representative of baseline TDS in ground water in
the vicinity of the mine, especially given the considerable amount of publicly available ground
water baseline data available in the PAP for the Navajo Mine. These baseline data show that the
BNCC’s statement to the NAS is valid and well supported.

The ground water monitoring data from the Navajo Mine shows that baseline ground water in the
coals is very saline. Baseline water quality information for the Fruitland coals are summarized in
Table 1. This table shows median baseline concentrations measured at the coal wells monitored
at the Navajo Mine. The median TDS concentration for all coal wells within the coal lease is
over 8,000 mg/l and TDS concentrations increase to levels greater than 40,000 mg/l within
distances of a mile or less in the coal downdip of the lease boundary. The median baseline TDS
concentration in all of the Fruitland coal wells exceeds the 2,345 mg/l value provided in the
Zimmerman Report claims is representative of the baseline concentration for the Fruitland
Formation.

The publicly available ground water data also establishes that baseline ground water in the
alluvium upstream of the mine is very saline. Baseline water quality information for the
alluvium is included in Appendix 6-C of the PAP. Maximum TDS and sulfate concentrations
of 10,060 and 6,568 mg/l, respectively, were observed in three baseline samples from well GM-9
completed in the Chinde alluvium east and upgradient of the mine. TDS as high as 16,000 mg/1
and maximum sulfate concentrations of 9,810 mg/l were observed in well GM-17 completed in
the alluvium of the North Fork of Cottonwood Creek east of the Navajo mine lease. Lower TDS
and sulfate concentrations were observed in wells completed in the alluvium of the main stem of
Cottonwood downgradient (north) of the Navajo Mine lease. Table 2 was also provided in the
PAP to show the range of baseline water quality constituent concentrations in the Pictured Cliffs
Sandstone within close proximity to the Navajo Mine lease area. Although the water quality
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concentrations vary, the results show that the quality is either unsuitable for use or, in some
areas, unsuitable for all but limited livestock use.

Table 1 Baseline Water Quallt of F ru1tland Coals at Navajo Mme

R TIDS ] S04 B
Locanon welt | _Ec A (mgiL) |{mg/L) Na (mglL) (mglL)
KF84-18A | 22900 13450 19 4660 0.72

KF84-188 | 15850 9640 15 3365 0.74

» KF84-20A | 12775 7280 20 2690 0.56
8 KF84-20B | 8100 6660 172 904 0.13
T g KF84-20C | 4370 2640 37 1040 0.42
&0 KF84-21A} 14200 8120 64 3090 0.61
5 E KF84-22A | 6560 4650 2245 1600 0.26
Lo KF84-22B | 10900 6005 7 2230 0.39
£ £ KF84-21c] 12600 8505 184 2858 0.63
2% KF84-22Cc| 12000 8035 10 2716 0.46

3 KF84-22D] 13000 8610 10 2866 0.50
KF84-22E] 12800 8275 44 2890 0.56

Mean 12171 7656 236 2576 0.50

Meg ian 12688 8078 28 2787 0.53

® = o SJKF#2[ 46500 43035 10 13456 | 1.23
s 2 § SJKF#3] 53000 50810 10 15632 | 1.43
o § g % SJKF#4] 10400 7370 10 2642 1.57
§ g %’ Mean 36633 33738 10 10577 1.41
m o Median 46500 43035 10 13456 1.43

Table 2. Baseline Water Quality of the Pictured Cliffs Sandstone

Range
Total Dissolved Solids 5200 mg/1 to 16960 mg/l
Chloride 170 mg/l to 9000 mg/l
Sodium 1330 mg/1to 6100mg/l
Sulfate 1100 mg/l1to 4750 mg/l
pH 6.8109.1

As discussed earlier, BNCC has over many years completed a number of ground water studies
and performed ground water monitoring in support of its mining and reclamation activities.
Furthermore, BNCC has conducted ground water studies and monitoring at the Bitsui and
Watson Pits that were mined and backfilled prior to SMCRA and are not included in BNCCs
past or current permits from the Office of Surface Mining. The SGS, which was undertaken in
1995, focused on the Bitsui Pit because of the suspected saturation caused by the nearby NAPI
irrigation. Wells were installed to evaluate the potential for off-site migration of ground water
impacted by CCBs or by mine backfill. Other wells were installed during the mid -1990s to
monitor back fill and CCB disposal in locations not influenced by NAPI irrigation. Wells

BNCC 00060-9
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Watson 1 and Watson 4 were installed in the CCBs placed within the Watson Pit and wells
Custer 2 and Custer 3 were installed in the CCBs placed in the Custer Pit to monitor the
influence of Morgan Lake. Custer 1 was drilled in shallow Fruitland Formation sands west of
Custer Pit Ramp 4 to monitor the influence of Morgan Lake. The new wells at the Bitsui,
Watson and Custer Pits and No. 8 coal seam wells KF-84, KF-83-1 and KF-84-16 were
monitored for static water levels and water quality on a quarterly basis from 1995 through 1998
and then annually. These wells are shown in Figure 2 along with other monitoring wells in the

vicinity

Three geologic sections through selected monitoring well locations were prepared to examine
ground water conditions in three dimensions. The locations of the sections are shown in Figure 2
and the geologic sections are provided in Figures 3, 4 and S. Measured water levels in
monitoring wells are shown on the sections.

These geologic sections show no influence from Morgan Lake with no saturation of pit spoils
and CCBs in the adjacent Custer Pit. The wells completed in the CCBs of the Custer Pit
remained dry. Watson 1 well, completed in the CCBs at the Watson Pit also remained dry. A
couple of feet of saturation was present in the Watson 4 well, which was sufficient to sample in
order to characterize CCB leachate at a location that is not influenced by NAPI irrigation.

Saturated conditions also developed within the backfill of the Dodge Pit as indicated by the
water level rise in spoil well KF-83-14. The water source for saturation of both the Dodge Pit
and the Bitsui Pit is from NAPI irrigation and not from Morgan Lake. Morgan Lake overlies the
Pictured Cliffs Sandstone. Water elevations in spoil well KF-83-14 are higher than the water
elevations in the Pictured Cliffs Sandstone well GM-4 located between well KF-83-14 and
Morgan Lake as shown in Figure 1. Thus, the current potentiometric levels do not support
ground water flows from Morgan Lake to the Dodge Pit or to Bitsui Pit which is located further
from Morgan Lake. Also, the Custer Pit and ramps that are closer to Morgan Lake remained dry
during mining operations. The ten to twenty-five foot thick shale layer separating the bottom of
the lowest mineable coal seam and the Pictured Cliffs Sandstone (see CHAPTER 6 of the PAP)
acts to isolate the mine pits from ground water in the Pictured Cliffs Sandstone. No noticeable
upward seepage through the mine floor (shale layer) has been observed, even though, prior to
backfilling, the mine pits in the vicinity of Morgan Lake were significantly below the projected
potentiometric levels in the Pictured Cliffs Formation. Furthermore, as mentioned previously,
ground water inflow was observed along the highwall of the Dodge Pit in the vicinity of the
NAPI irrigation sites.

BNCC 00060-9
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5.2 WATER QUALITY INFLUENCES FROM MINE SPOILS AND CCB DISPOSAL

The Zimmerman Report’s assertions that ash leachate may be migrating down gradient and that
“because the buried ash is covered with spoil and water is present and moving through it, water
quality will deteriorate with higher levels of sulphate,” are not supported by the data. Figure 5 in
the Zimmerman Report shows time series plots of TDS and sulfate concentrations for well KF-
83-1. The report claims that there is a “strong increasing trend” in both TDS and sulfate
concentrations in the well during the period from 1995 to 1999. While an increase in sulfate
appears in these data, the data do not show an increasing trend in TDS concentrations. In fact,
decrease in TDS concentrations actually occurred in 1995 corresponding with the more frequent
quarterly sampling as shown in Figure 6. This decrease in TDS corresponds with an increase in
sulfate concentrations in the same samples. Subsequently, the TDS concentrations returned to
their pre-1995 levels while the sulfate concentration remained higher than the pre-1995

concentrations.

Figure 6. Time Series of TDS and Sulfate in Coal Wells Located Near the Bitsui and Bighan

Pits.
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The increase in sulfate in the ground water in the adjacent coal well KF-83-1 that occurred in
1995 reflects some influence of water that has been in contact with overburden and migrated
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from the Bitsui Pit. Overburden, rather than CCBs, is the likely cause of increased sulfate
concentrations. Pit water migration from Bitsui Pit to this coal well may have been enhanced by
purging of the coal well conducted for sampling. Purging of a coal well generally increases
hydraulic gradients toward the well. Coals are especially sensitive to these well purging
influences due to the very low cleat (fracture) porosity. Although sulfate levels have increased
in this well, TDS levels have not increased as Zimmerman implied. Furthermore, the very low
concentrations of sulfate prior to 1995 show wells has not been “tainted by many years of
leaching through the mine” as stated in the Zimmerman Report. In fact, the water quality is
consistent with the coal baseline water quality provided in Table 1. Furthermore, the data do not
support the Zimmerman Report’s suggestion that ground water that is impacted by CCBs is
migrating from the mine pit. Boron, a constituent at elevated concentrations in CCB leachate,
shows no concentration change in well KF-83-1 or in the other coal wells as demonstrated in
Figure 7. Very high concentrations of boron may be an indicator of CCB leachate but high
sulfate is not.

Figure 7. Time Series of Boron Concentrations in Coal Wells Located Near the Bitsui and
Bighan Pits.
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TDS and sulfate concentrations in the coal well Kf84-16 are relatively constant as indicated in
Figure 6. TDS concentrations in Well Kf84-16, located 1,400 feet to the east of the Bitsui Pit are
much higher in comparison with coal wells Kf-84 and Kf-83-1 consistent with the higher
baseline TDS concentrations observed in the coals further down dip within the basin. Boron
concentrations in well Kf-84-16 show no change over time as demonstrated in Figure 7.

No. 8 coal seam well Kf-84 is located near the highwall adjacent to the Bighan Pit as shown in
Figure 2. Sulfate concentrations are much higher in this well in comparison with coal wells Kf-
84-16 and Kf-83-1. The TDS concentrations increased in the mid 1990’s, but have recently
returned to concentration levels consistent with earlier values and with coal well Kf-83-1. Boron
concentrations in this well show no apparent time trend as indicated in Figure 7. All of the boron
concentrations observed in well Kf-84 are consistent with values observed at the other coal
wells, Kf-83-1 and Kf-84-16, with the exception of a 0.03 concentration outlier detected in the
sample collected on June 22, 1995. This value is believed to be a transcription error and is not
representative of the variation in boron concentration at this well. These monitoring results show
that during resaturation of mine backfills, sulfate concentrations can reach levels comparable to
if not higher than in the baseline overburden and alluvium, which are much higher than the
baseline concentrations in most of the coal wells. An increase in sulfate concentrations in a coal
well located near a backfilled mine pit is generally an indication of some influence of spoil
water. However, it is not an indication of any influence from CCBs. An increase in boron
concentrations could be an indication of possible migration of CCB constituents, although boron
is also present in coal water, spoil water and alluvial/overburden water. Nevertheless, the
absence of any increasing boron concentration trend occurring along with the increase in sulfate
shows no migration from CCB placement locations. TDS levels have remained at or near
baseline concentrations in these coal wells located near the backfilled mine pits and have not
increased as implied by Zimmerman.

The Zimmerman Report also errs in theorizing that the high TDS concentrations observed in
spoil monitoring wells Bitsui-4 and Bitsui-6 are due to the influence of CCB disposal in the
Bitsui Pit. The report postulates a theory that molecular diffusion can account for the migration
of CCB constituents into adjacent mine spoils, but provides no calculations to test the plausibility
of this theory. Wells Bitsui-4 and Bitsui-6 are completed in the Bitsui Pit mine backfill
approximately 280 feet and 170 feet, respectively, north of “ash” monitoring well Bitsui 1 as
shown in Figure 2 and in the geologic section in Figure 3. Surface water elevations in these
three wells show a very slight gradient to the north, estimated at 0.0025 ft/ft between Bitsui 1
and Bitsui 4.

The results of time series plots of TDS, sulfate and boron concentrations from the Bitsui
monitoring wells and the Watson Pit ash well (Watson-4) are provided in Figures 8, 9 and 10,
respectively. The results show similar TDS concentrations in the ash well Bitsui-1 and in mine
backfill wells Bitsui-4 and Bitsui-6 and much lower TDS concentrations in the coal wells, Bitsui
2 and Bitsui 3. The lowest TDS concentrations were observed in the Watson-4 well, which can
be used to characterize leachate from CCB disposal at a location that is not influenced by NAPI

BNCC 00060-9
TECHNICAL REVIEW OF A REPORT PREPARED BY D.A. ZIMMERMAN
21



NORWEST

B ;.2 Applied HMydiralogy

irrigation, spoil water or pit inflows from the coals. The relatively low TDS observed in the
Watson-4 ash well refute Zimmerman’s assertion that the high TDS observed in spoil monitoring
wells Bitsui-4 and Bitsui-6 is due to influences from CCB disposal.

The sulfate concentration plots in Figure 9 show highest levels in the mine backfill wells Bitsui-
4, and Bitsui-6 and slightly lower levels in the ash well Bitsui-1 and spoil well Bitsui 5. The
Jowest sulfate concentrations appear in the coal wells Bitsui 2 and Bitsui 3. The sulfate
concentrations observed in the Watson-4 as well are much lower than the concentrations
observed in the backfill wells, but are higher than the concentrations observed in the coal wells.
No. 8 coal seam wells Bitsui-2 and Bitsui-3 are located near the former highwall adjacent to the
backfilled Bitsui Pit. Sulfate concentrations increased in coal well Bitsui-2, indicating likely
influence of mine backfill water in this well. However, sulfate concentrations have decreased
in coal well Bitsui-3, indicating a lack of recent influence from spoil water. At the same time,
TDS concentrations have remained essentially constant in both of the coal wells, demonstrating
that the influence of spoil water has not changed the overall salinity of the coal immediately
downgradient of the mine pit.

Figure 8. TDS Concentrations in Bitsui and Watson Wells
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Figure 9. Sulfate Concentrations in Bitsui and Watson Wells
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The boron concentrations plotted in Figure 10 show highest levels in the Watson-4 ash well,
which can be used to characterize leachate from CCBs at a location that is not influenced by
NAPI irrigation or pit inflows from the coals. The boron concentrations in the coal wells are
much lower and consistent with the boron concentrations observed in other coal wells as shown
in Figure 7. The boron concentrations in the Bitsui ash well, Bitsui 1, are significantly higher
than the coal wells, but much lower than the concentrations observed in the Watson-4 ash well.
On the other hand, the sulfate in Bitsui 1 was similar to the sulfate in the backfill wells. This
suggests that the water in Bitsui 1 may be a mixture of spoil water and leachate from CCBs.
The boron concentrations in the mine backfill wells Bitsui 4 and Bitsui 5 are similar to the
concentrations observed in the coals and do not show any influence from CCBs. Boron
concentrations in well Bitsui 6 have increased during the period from 1995 through 2000 and
have since stabilized at a concentration between that in the ash well Bitsui 1 and the backfill well
Bitsui 5, indicating possible influence of ground water from the ash at this location in the backfill
adjacent to the ash.
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Figure 10. Boron Concentrations in Bitsui and Watson Wells
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The Zimmerman Report concludes its review of the SGS with the statement that the SGS does
not conclusively demonstrate that CCB disposal activities have a negligible impact on off-lease
surface and ground water quality. The report also questions how the results of the SGS, a local
scale study at Bitsui Pit, can be used to support the statement that CCB disposal has negligible
impact on regional ground water quality. This question fails to recognize that the study focused
on the Bitsui Pit because of the pit and CCB saturated from nearby NAPI irrigation and the
potential for off-site migration of ground water from the mine backfill. CCB were placed in the
Bitsui Pit prior to SMCRA and prior to NAPI irrigation. The Bitsui Pit is the only location at the
mine where CCBs are placed in a backfilled mine pit where significant levels of saturation
subsequently developed. Furthermore, concurrent with the SGS at the Bitsui Pit, monitoring
wells were also completed in CCB disposal locations within the Watson, Custer and Doby pits.
All but the Watson-4 well were dry. Saturation in the Watson-4 well was limited to about 1 to 2
feet above the base of the mine pit. The limited saturation in the Watson-4 well and the dry
condition in the downgradient Watson-1 well demonstrate that CCB disposal at these pits has
negligible contact with or impact on regional ground water.

The SGS concludes that “Ash burial and potential ash affected groundwater does not impact the
water quality or quantity significantly as to change the designated use or classification of
groundwater or surface water.” (APPENDIX 11-MM of the PAP, p 17). Based on my review of
the data, this statement is supported by the Bitsui Pit monitoring data. Ground water in the
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Fruitland coals and Pictured Cliffs Sandstone very close to the outcrop is generally unsuitable for
any use, except perhaps marginal livestock watering in some locations. Further down dip the
baseline ground water TDS concentrations typically exceed concentrations of 30,000 mg/l as
indicated by monitoring wells in the vicinity of the Navajo Mine coal lease and a study by
Simpson (2006) entitled “Characterization of Produced Groundwater within the San Juan Basin”
New Mexico Bureau of Geology and Mineral Resources, Open-file Report 499. This ground
water is not suitable for any use due to high TDS and is normally injected into deep aquifers as
waste when produced for oil and gas or coal bed methane operations.

Boron, an indicator of ground water that is impacted by CCBs, increases in backfill well Bitsui-6
located adjacent to the CCBs placed in the Bitsui Pit but not in any of the downgradient coal
wells. Also, as shown in Table 4 provided in Section 5 of this report, average TDS, sulfate and
boron concentrations decreased at the surface water monitoring station NB-2 on Bitsui Wash
down gradient of the mine in comparison with the concentrations observed at the surface water
monitoring station NB-1 on Bitsui Wash up gradient of the mine. All of these data establish that
CCB disposal, even when in contact with ground water, does not materially impact ground water
quality in the vicinity of the Navajo Mine.

5.3 LEACHATE AND ATTENUATION STUDIES

The ground water quality monitoring results presented in the previous section are largely
consistent with the results of leaching and attenuation studies summarized in Table 3 taken from
Table 11-14C of the PAP. These tests were conducted using samples of CCB materials and mine
rock spoil (pit backfill material). Tests were performed using surface water samples from
Chinde Arroyo as one leaching fluid and composite coal water samples from seams 4 and 6 as
the other leaching fluid. Constituent results from each of these fluid samples prior to leaching
are included in Table 3. Fluid samples of NAPI irrigation return water were not included in the
tests.

Table 3 also provides a comparison of the concentrations in the surface and ground water
samples used in the leaching test with the concentrations in these fluids after leaching through
different mixtures of spoil and CCBs. The results in Table 3 show that the concentrations of TDS
and sulfate in the CCB leachate samples were lower than for the samples leached from mine
spoils. These results were consistent for both the surface and ground water leaching fluids.
These leaching test results are consistent with the relatively low TDS and sulfate observed in the
Watson-4 ash well samples. The TDS concentrations in the spoil wells and ash well completed
in the Bitsui pit are consistent with the leaching test results for ground water. Although, TDS
concentrations appear slightly higher in spoil water in comparison with the baseline TDS
concentrations in the coal on lease, these concentrations are lower than the TDS concentrations
observed in the coals off lease in the direction of ground water flow. The leach studies and the
observations in the Bitsui Pit show that mine spoils are capable of retarding the migration in
ground water of metals such as barium, iron, and selenium.
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6 INTERPRETATION OF NAVAJO MINE SURFACE WATER
MONITORING DATA

The Zimmerman Report refers to Table 7-7 of the PAP (see Table 4 below) and erroneously
suggests that mine leachate has entered Chinde Wash because TDS and sulfate concentrations
increase between the Chinde Wash monitoring stations upstream of the mine and monitoring
stations that are downstream of the mine. The Zimmerman Report refers to the monitoring
stations on Cottonwood Wash and suggests that the lack of any increase in TDS and sulfate
between the monitoring stations upstream and downstream of the mine on Cottonwood Wash
provides further evidence that the increase in sulfate and TDS on Chinde “are indicators of
environmental impact from the mine.”

The increase in concentrations in Chinde Wash noted in the Zimmerman Report is not associated
with either mine leachate or CCB placement at the mine. Instead, the increased concentrations
are largely due to loss of water in these drainages. Synoptic monitoring conducted within
segmented reaches of Chinde Wash and the Chinde Diversion shows that there is water loss in
the Chinde Wash and the Chinde Diversion. It appears that most of the loss is associated with
the Segment 3 containing the large wetlands and salt cedar thickets. The water loss is primarily
due to evapotranspiration and to a lesser extent due to seepage near the Yazzie highwall
immediately below the wetland area at the head of the diversion. The effect of the large
evapotranspiration loss associated with the large and densely vegetated wetland areas is a
concentration of salts in the remaining water. The concentration influences of evapotranspiration
together with the higher TDS levels in contributions from NAPI irrigation return flows explain
the increase in average TDS and sulfate at CD-2A in comparison with station CD-1A shown in
Table 4 (Table 7-7 of the PAP).

The Zimmerman Report states that “no field trips were made during this study.” When
assumptions are made without field observations and topographic information, misinterpretations
can arise. | have visited all the locations highlighted in Figure 8b of the Zimmerman Report
several times during the period from 1988 to 1998 in conjunction with several projects related to
design modifications for the Chinde Diversion. There is a levee or dyke that was constructed to
direct flows in Chinde Wash into the diversion channel that was constructed around the Yazzie
Pit. This diversion is indicated by the blue line between the “?” on the photo in Figure 11
(Figure 8b in the Zimmerman Report) and station CD-2A.

BNCC 00060-9
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Table 4. Average water quality parameters at surface water stations at the Navajo Mine
(Table 7-7 in the Navajo Mine PAP)

Parameter NB-1| NB-2| CD-1| CD-2| CD-1A | CD-2A | CN-1 | CS-1] CNS-
1
pH (S.U)) 7.6 7.8 7.7 7.7 8.13 821 799 8.14 8.17
# of Observations 24 55 218 55 31 20 28 12 19
Total Dissolved 1862 1558 1231 ] 1090 1157 1458 976 652 639
Solids (mg/1)
Total Suspended 32211 | 26613 | 6995 2684 167.2 111.7 | 1149 | 74009 | 97282
Solids (mg/D 5 19
Total Settleable 240 439 81 233 0.3 02]311.6] 855 133.2
Solids (mg/1)
Total Sediment 1230 | 79420 | 85247
(mg/}) 97
Conductivity (y 2361 2069 1618 | 1873 1713 2162 | 1298 | 1728 861
mhos/cm)
Boron (mg/l) 0.41 0.32 0.18] 0.16 0.35 027} 0.07] 0.14 0.08
Calcium (mg/l) 10537 | 67.36| 85.56| 81.93 69.53 | 19576 | 57.73 | 43.4 ] 38.92
Chloride (mg/l) 115.99 971 40.691 92.02 61.45 73.51 2937} 21.25| 16.89
Fluoride (mg/]) 0.91 0.97 098 | 0.79 1.76 1.15] 0.83}| 0.68 0.74
Iron (mg/1) 0.77 1.46 0351 0.68 0.21 023 359| 754 6.65
Total Iron (mg/l) 63.78 | 211.44 | 24.79 { 74.73 1.39 1991 669.6 | 540.2 | 181.55
Magnesium (mg/l) 19.19 | 13.76 20| 14.33 17.67 26331 7.61 5.46 422
Manganese (mg/1) 0.13 0.24 0.13}] 0.21 0.3 0.05] 0.17] 0.44 0.38
‘} Total Manganese 0.82 2.23 0.32 0.9 0.42 1.1 14.48 ] 11.01 5.84
(mg/l)
Potassium (mg/1) 9.1 83 536 7.87 2.62 692 | 549 6.9 5.25
Selenium (mg/]) 0.005 | 0.007 | 0.004 | 0.003 0.005 0.005 ] 0.006 | 0.003 | 0.003
Sulfate (mg/1) 1020.43 | 789.16 | 702.75 | 552.1 | 532.61 | 823.65| 515.1 | 279.9 | 276.74
5
Sodium (mg/l) 464.71 | 412.76 | 277.54 | 248.8 | 239.54 | 358.76 | 239.7 | 166.2 | 169.37
4
Bicarbonate (mg/1) 141.77 | 18296 | 127.82 | 149.6 | 281.45 265.11 167.7] 189.3 | 191.66
Carbonate (mg/l) 0 0.72 0.52] 0.29 7.84 46| 0.65 1.13 6.84

*CD-1A & CD-2A are the remaining active sample points

(3/04).

In the photograph, the levee appears as a light linear feature below and to the right of the arrow
pointing to “Dam?” in the photo inset. The “Dam?” referred to in the photograph is the ungraded
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Yazzie Pit backfill. The standing water adjacent to and to the left of the ungraded backfill in the
photograph is water that has seeped from the Chinde Diversion and accumulated in a low point
that has not yet been graded. This water is topographically below the Chinde Diversion. Thus, it
is not possible for water from the mine to seep into the Chinde Diversion. In fact, the potential
for seepage is the opposite. There is a limited amount of seepage from the Chinde Diversion
toward the backfilled Yazzie Pit. The Chinde Diversion routes flow to the north along the east
side of the backfilled Yazzie Pit. It then bends to the west and flows between the backfilled
Yazzie and Doby Pits. The Yazzie Pit remained dry during mining and reclamation, and a
monitoring well installed in the backfill of the Doby Pit adjacent to and north of the Chinde
Diversion has remained dry.

A very large wetland and extensive growth of salt cedar has developed within Chinde Wash
immediately east of the mine in conjunction with the levee or dyke that routes Chinde Wash into
the diversion channel. Chinde Wash was originally an ephemeral stream but now exhibits
perennial flow due to irrigation return flows and seepage with short term peak flows caused by
precipitation and discharge from the NAPI Ojo Amarillo canal. The Cottonwood Arroyo is not
impacted by perennial flows. Discharge events in Cottonwood Arroyo are highly variable and
are over quickly. There are no wetlands or ponds within the diversion or the channel segment
between the two monitoring stations. Thus, there is little opportunity for evaporation losses to
occur between these two stations during these short-period events so TDS concentrations would
not be expected to change significantly between the two monitoring stations on Cottonwood

Arroyo.

The wetland areas associated with the Chinde Diversion on the other hand have resulted in
substantial losses of surface flows between monitoring stations CD-1A and CD-2A shown on
Figure 12. The results of a gain/loss study conducted within this segment of the Chinde Wash
and Chinde Diversion from April 1999 through March 2000 are discussed in Chapter 11 of the
PAP. The synoptic and continuous surface water monitoring data collected during this
monitoring year have documented a loss of flow along Chinde Wash and the Chinde Diversion.
For example, on April 18, 1999, flow volume declined from 8.0 acre-feet at CD-1A to 0.5 acre-
feet at CD-2A during a NAPI operational spill. Similar instances of flow volume decreases
between CD-1A and CD-2A occurred throughout the year, such as on July 1, 1999 in which CD-
1A recorded 11.11 acre-feet of volume and CD-2A recorded only 0.82 of volume for the same
NAPI operational spill.
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Figure 11. Annotated aerial photo from Figure 8b in the Zimmerman Report.
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The Zimmerman Report ignores significant data in the PAP which demonstrates that
Zimmerman’s theory that mine leachate has entered Chinde Wash is not plausible. At page 17,
The Zimmerman report notes that concentrations of TDS and sulfate increase in the Chinde
monitoring station downstream of the mine in comparison with the concentrations at the
monitoring station upstream of the mine. Given that concentrations of these constituents have
not increased at the downstream station on Cottonwood Arroyo in comparison with the upstream
station, Zimmerman theorizes that mine leachate has entered Chine Wash. Data in the publicly
available PAP shows that this theory is not plausible. For instance, Section 11.6.3.3.1 and the
associated Appendix 11-00 of the PAP, clearly demonstrate that mine leachate cannot migrate
into Chinde Wash, but rather that seepage is in the opposite direction from the wetland area at
the Chinde Diversion toward the Yazzie pit. This section of the PAP also documents the
significant loss of water due to evapotranspiration, which accounts for an increase in TDS and
sulfate concentrations downstream on Chinde. While the wetland is present due to construction
of the diversion for mining, the wetland is believed to provide beneficial use for birds and
wildlife.

The Zimmerman Report concedes that “the data from only 5 of the 7 monitoring stations listed in
Table 7-7 of the PAP were reviewed.” The other two stations, NB-1 and NB-2, are located on
Bitsui Wash. As shown in Table 4, the data from these stations show that the mine does not
result in increased TDS concentrations at the station downstream of the mine. Under natural
conditions, Bitsui Wash would flow ephemerally during times of high precipitation. However,
due to the existence of NAPI and its associated irrigation return flows, this stream flows
intermittently at both monitoring stations. NB-1 is located upstream of the mining that occurred
at the Bitsui Pit before SMCRA regulation was implemented and there is no mining disturbance
located upstream of this station. NB-2 is located downstream of Bitsui Pit and receives
precipitation runoff from areas of historic mining that predates SMCRA. The water quality
summaries for these two stations in Table 4 show that the average concentrations of TDS, sulfate
and boron actually decrease at the station NB-2, located downstream of mining, in comparison
with the station NB-1 located upstream of mining.
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7 CHACO RIVER SURFACE WATER QUALITY DATA AND
INTERPRETATIONS

The Zimmerman Report confuses the placement of CCBs as mine backfill at Navajo Mine with the
placement of CCBs by Arizona Public Service Company in surface impoundments at the Four
Corners Generating Station. The Four Corners Generating Station (FCGS) and the associated
ash ponds are located northwest of most of the mine lease as shown on Map 1. The Zimmerman
Report refers to data and issues associated with the ash ponds at the FCGS that are irrelevant to
CCB placement in mine backfill. The subject of the National Academy of Sciences Committee
study and BNCC’s presentation to this Committee was mine placement of coal combustion
byproducts and not CCB disposal in surface impoundments and pits at generating stations. The
surface impoundment facilities at FCGS shown in photographs and referred to in the
Zimmerman report are not under the control of BNCC and do not represent mine backfill
operations that were under review by the NAS.

Furthermore, the statistical analysis of water quality monitoring data provided in the Zimmerman
Report does not demonstrate a cause and effect relationship between water quality constituents in
the Chaco River and the presence of either the Navajo Mine to the east along the lower segment
of the Chaco River or the past disposal of CCBs in surface impoundments at the FCGS. The
Zimmerman Report includes a statistical analysis of TDS, sulfate, boron and selenium
concentrations of surface water quality monitoring stations located along the Chaco River and a
number of its tributaries. The statistical analysis consists of separating the data from the stations
into the two groups outlined in Figure 12 of the Zimmerman Report. A copy of that figure has
been provided in this report as Figure 13.

As shown on Figure 13 of this report, the downstream stations are primarily locations along the
perennial flow segment of the Chaco River and include one station on Chinde Wash that is
influenced by NAPI irrigation return flows. The upstream stations consist of locations along the
ephemeral flow segment of the Chaco River and locations within tributary segments, many of
which are in the headwaters. Given this grouping of stations, it is to be expected that soluble
water quality constituents, such as TDS, sulfate, selenium and boron, would be higher at stations
near the mouth of the drainage basin. Similar trends occur throughout most drainage basins in
the semi-arid portions of the western United States. The reason for the increase is that soluble
constituents increase in the downstream direction due to the dissolution of soluble salts and the
concentrating effects of evapotranspiration. Furthermore, baseflow from regional ground water,
generally increase in the lower portions of a drainage basin. Regional ground water flow in the
lower portions of drainage basins typically has much higher concentrations of salts than local
ground water flow systems in the upper portion of drainage basins. Thus, the cause of the
increase in soluble water quality constituents at the downstream segment is unrelated to CCB
placement in pits at Navajo Mine or Four Corners Generating Station. This natural downstream
increase in the concentration of salts occurs in the Chaco River. In fact, the grouping of stations
for statistical analysis in the Zimmerman Report specifically separates the intermittent and
perennial flow stations within the downstream segment of the Chaco River basin from the other
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stations. As a result, the data from the downstream stations reflect the higher soluble salts in
regional ground water discharge, which only occurs within the downstream segment referred to
in the Zimmerman Report.

No information or data presented in the Zimmerman Report indicates a cause and effect
relationship between CCBs disposal operations at the Four Corners Generating Station or the
placement of CCBs in mine backfill at the Navajo Mine and the water quality in the Chaco
River. In fact, hydrologic information and observations at the Navajo Mine indicate that CCBs
in mine backfill at the Navajo Mine has not impacted water quality in the Chaco River. CCBs at
the Navajo Mine are placed in mine pits that are excavated in subsurface strata that dip to the
east, away from the Chaco River. These mine pits are well below the elevations of the alluvium
of any tributaries to the Chaco River that cross the Navajo Mine lease. At the northern portion of
the mine, any ground water associated with CCB placement in the Watson, Bitsui, Dodge, Custer
and Bighan Pits cannot flow to the west toward the Chaco River because of the ten to twenty-
five foot thick shale layer separating the bottom of the pit from the Pictured Cliffs Sandstone
(PCS) and the higher ground water levels in the PCS due to the influence of Morgan Lake which

preclude such a pathway.

CCBs have also been placed in the Doby Pit further to the south of Morgan Lake but the
installation of the Doby French Drain prevents NAPI irrigation return flows from reaching this
pit, preventing saturation of CCBs placed within the backfill in this pit. CCBs have also been
placed in the Pinto Pit located adjacent to the Doby Pit, but this pit is dry and not subject to any
influence from NAPI irrigation. The elevation at the base of the Pinto Pit is such that any ground
water in the Fruitland Formation would flow toward the pit. The fact that the pit has remained
dry is an indication of the lack of ground water in the Fruitland Formation and the alluvium in
the vicinity of the mine pits at locations where NAPI irrigation is not in the immediate proximity
to provide a source of ground water recharge.
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Figure 13.

Map of Water Quality Monitoring Stations, Figure 12 from the Zimmerman Report
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8 SUMMARY AND CONCLUSIONS

The Zimmerman Report accuses BNCC of making misleading and/or unsupported statements to
the NAS Committee and specifically references the statement that “groundwater is very saline
with total dissolved solids typically > 10,000 mg/! toward the basin interior and > 25,000 mg/l to
the east” as an example (Zimmerman Report, p 15). However, it is clear from the baseline
ground water data presented in the PAP that the ground water in the coals of the Fruitland
Formation within and near the Navajo coal lease is very saline. The median TDS concentration
for all coal wells within the lease is over 8,000 mg/l and TDS concentrations increase to levels
greater than 40,000 mg/l within distances of a mile or less in the coal downgradient of the lease
boundary. Thus, the statement by BNCC is neither misleading nor unsupported. On the
contrary, the Zimmerman Report suggestion that a TDS value of 2,345 mg/l is representative
baseline conditions for the Fruitland Formation near the mine is misleading and unsupported.

The Zimmerman Report includes surface water quality data from the San Juan River that is
impounded in Morgan Lake and from Gallegos Canyon 18 miles to the east. It improperly uses
these data to draw conclusions about ground water quality impacts associated with subsurface
disposal of CCBs at Navajo Mine. Neither of these water sources are representative of the
ground water entering the Bitsui Pit.

The Zimmerman Report also attempts to link increasing sulfate levels to placement of CCBs in
backfill at mine. However, both the leaching tests and the ground water samples from the
Watson-4 ash well and the Bitsui monitoring wells demonstrate that soluble sulfates are at lower
concentrations in CCBs than in the native overburden rock that has been used to backfill the
mine pits. Boron is a better indicator of CCB influence, and boron concentrations are relatively
constant.

The Zimmerman Report erroneously concludes that mine leachate has caused the increases in
sulfate and TDS observed in the Chinde Arroyo monitoring station downstream of the mine. On
the contrary, the increases in TDS and sulfate are the result of the following circumstances:

e The dissolution of soluble salts as Chinde Arroyo flows through several miles of
badlands below station CD-1A. Soluble salts are concentrated by the large
evapotranspiration loss from the wetlands area at the start of the Chide Diversion as
documented by the gain loss study included in the PAP.

e NAPI irrigation return flows also enter the Chinde Arroyo between the two stations,
which may also contribute to the increase in soluble salts observed at the downstream
station.

Contrary to the assertion in the Zimmerman Report, there are no contributions of surface flows,
seepage or mine leachate from the mine area to the Chinde Diversion. The Yazzie and Doby
Pits, located adjacent to the Chinde Diversion, remained dry during mining and reclamation, and
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a monitoring well installed in the backfill of the Doby Pit has remained dry. Thus, the hydraulic
gradients are from Chinde Diversion toward the adjacent mine pits.

Also, the Zimmerman Report asserts that the increase in soluble water quality constituents along
the lower perennial flow segment of the Chaco River strongly suggests that CCB disposal
practices at the mine have already adversely impacted the quality of the Chaco River. The
conclusion is based on the observation of an increase in soluble constituents near the mouth of
the drainage. Increasing concentrations are a natural occurrence in drainage basins located
within the semiarid west, particularly when comparing data high in the watershed to data much
further downstream. The increase is typically due to the dissolution of soluble salts and the
concentrating effects of evapotranspiration. The statistical comparisons demonstrate no cause
and effect relationship between CCB placement at the mine and water quality in the Chaco
River. In fact, as discussed in the previous section, the available hydrologic information and
observations indicate that CCBs placed in mine backfill at the Navajo Mine has not impacted
water quality in the Chaco River.
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EXECUTIVE SUMMARY

The resuits of the Supplemental Groundwater Study concluded that the burial of ash in
saturated post mined pits has an negligible impact on human health and the
environment. The study determined that the probable hydrological consequence of ash
disposal and ash generated leachate upon the groundwater quality is insignificant. Ash
burial and potential ash affected groundwater does not impact the water quality or
quantity significantly as to change the designated use or classification of the
groundwater or surface water. The conclusions of the Supplemental Groundwater
Study support and strengthen the previous results of Chapter 11, Section 6.0, Probable
Hydraulic Consequences and APPENDIX 11-K, Leach Study of the Navajo Mine's NM-
0003D Permit Application Package.

BHP Navajo Mine implemented a Supplemental Groundwater Study to evaluate the
hydraulic consequences of ash disposal in mined out pits. This Supplemental
Groundwater Study was executed in two phases; Phase One, a detection investigation,
and Phase Two, an assessment investigation. Three new monitoring wells were
installed for each phase. The goal for the Supplementary Groundwater Study was to

determine the impacts of ash disposal on human heaith and the environment.

The Supplemental Groundwater Study was designed using the hydrogeologic
characteristics provided in Chapter 11, Section 6.0, Probable Hydraulic Conseguences

and APPENDIX 11-K, Leach Study of the Navajo Mine's NM-0003D Permit Application
Package.

The Supplemental Groundwater Study determined that Boron was an indicator
parameter of ash affected groundwater. Boron was found to be present only in the
groundwater directly saturating the ash. Migration of this constituent or other typical
ash leachate constituents away from the pit boundary was not detected in the

1



groundwater downgradient of the ash. The attenuation of Boron and other leachate
constituents of ash appears to be caused by the absorption and/or precipitation of the
constituents in solution. Boron as well as other ash constituents were determined to

attenuate in solution in bench leachate tests performed as part of the Leach Study.

The results from this study support BHP’s conclusions that ash disposal has a

negligible impact on regional groundwater quality and human health and the

environment.

The findings of the Supplemental Groundwater Study are consistent with United States

Environmental Protection Agency's (EPA) 1988 Report to Congress, Wastes from the

Combustion of Coal by Electric Utility Power Plants, demonstrating that these wastes

do not exhibit hazardous characteristics under current the Resource Conservation
Recovery Act regulations. EPA does not intend to regulate fly ash, bottom ash, or flew
gas desulfurization wastes under Subtitle C. EPA's tentative conclusion is that current
waste management practices appear to be adequate for protecting human health and

the environment.



1.0 INTRODUCTION

The purpose of the Supplemental Groundwater Study (SGS) was to address OSM's
concerns related to the impact of ash disposal on groundwater quality. This repont
summarizes the resulits of the SGS and supports BHP's conclusion that ash disposal
has a negligible impact on the regional groundwater quality. In order to address
Deficiency 1a of OSM’'s September 2, 1992, deficiency letter, requiring additional
hydrogeologic information, BHP proposed a Supplemental Groundwater Monitoring
Plan to OSM. In their letter of August 18, 1993, OSM stated that the proposed
Supplemental Groundwater Monitoring Plan was in line with OSM's recommendations
and BHP must implement the proposed plan. The Supplemental Groundwater

Monitoring Plan was implemented as the SGS.

The results of the SGS were determined from two groundwater characterization
phases. The objective of the first phase was to detect potential ash constituents in the
groundwater. The objectives of the second phase were the following: 1) to delineate
the extent of constiuent migration closer to the buried ash based on hydrogeologic
information gained from Phase One; 2) further support the conclusions presented in
Chapter 11, Section 11.6, Probable Hydraulic Consequences (PHC) and APPENDIX
11-K, Leach Study of the Navajo Mine’s NM-0003D Permit Application Package (PAP);

and 3) further define the hydrogeologic conditions in the Bitsui A area of the mine.



2.0 GROUNDWATER MONITORING STUDY

2.1  Objective

The objective of the SGS was to demonstrate that the disposal of ash in post mine pits
is an acceptable management practice and that the impact to human health and the
environment is negligible. To meet this objective the SGS was designed to optimize the
potential for detecting ash leachate at the Navajo Mine and any off-lease migration of
the leachate. In addition, the monitoring system was designed to further characterize
the hydrologic regime, support previous hydrogeologic studies performed, and assess

any potential risks to human health and the environment.

The objective of Phase One included the installation of three monitoring wells to: 1) to
determine if groundwater is present in the Bitsui A area and if the ash is saturated. If
groundwater is present, determine its characteristics (i.e., direction and gradient). 2)
confirm whether or not leachate is generated and migrating off-lease; 3) determine the
effect, if any, the leachate has on groundwater quality and any impacts which may

result from these changes.

The Phase One study was designed using hydrogeologic information from the Navajo
Mine's PAP, Chapter 6, Groundwater Hydrology . The program included the installation
of three monitoring wells (i.e., Wells Bitsui 1, 2, and 3) and focused directly in the Bitsui
A area, in the northern part of the mine lease (FIGURE 1). The study focused on
establishing a groundwater detection monitoring program that would be able to detect
potential ash leachate constituents migrating away from the Bitsui A area towards the

San Juan River Valley aquifer to the North.
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Phase Two of the SGS was implemented to meet the following objectives: 1) optimize
the potential for early detection of ash leachate constituents; 2) further ennhanced BHP's
understanding of the fate and transport of ash leachate indicator parameters identified
in Phase One; 3) define the extent of ash leachate constituent migration; and 4) test the
findings and assumptions made in the Leach Study and the PHC of the Navajo Mine's
PAP.

The second phase was designed using the hydrogeologic information gained from
Phase One and the hydrogeologic information presented in the PHC and the Leach
Study of the Navajo Mine PAP. This phase focused on determining the extent to which
ash related constituents if any, may have migrated away from the ash disposal area.
The Phase Two study also established an enhanced groundwater detection monitoring
program, located closer to the ash disposal area, to facilitate the early detection of
potential ash leachate constituents. Phase Two included the installation of three wells,

Bitsui 4, 5, and 6.

2.2 Background

As mentioned, the SGS focused on the Bitsui A area of the mine located in the prelaw
jurisdictional area of the northeastern section of the mine (FIGURE 1). The geologic
formations disturbed by mining activities in the Bitsui A area include the Cretaceous
Fruitland Formation and associated No. 8 Coal Seam and the overlying Quaternary
eolian and alluvial formations. The baseline geology and groundwater quality and
quantity information used when designing the SGS was found in the Navajo Mine’s

PAP, Chapters 5, Geology and Chapter 6, Groundwater Hydrology.

The area designated as Bitsui A was believed to be a location having a high probability
of containing power plant ash placed below the potentiometric surface of the No. 8

Coal Seam. This area was chosen for the groundwater characterization because of the
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probable saturated conditions, and it is the closest (i.e., worst case scenario) ash
management area to the San Juan River Valley. The San Juan River alluvial aquifer

has the potential to receive water from the Bitsui A area

In general, the hydrogeologic regime of the Bitsui A area is characterized by one water
bearing formation, the No. 8 Coal Seam, with varying degrees of saturation separated

by hydrologically tight mudstones, sandstones, clays, and shales within the Fruitland

Formation.

The hydrogeologic properties of the No. 8 Coal Seam were obtained from groundwater
aquifer test information presented in Chapter 11, Section 11.6, Probable Hydrological
Consequences (PHC) and Chapter 6, Groundwater Hydrology Groundwater Hydrology
of the PAP. The No. 8 Coal Seam is characterized as the zone of the greatest
hydrogeologic conductivity. Generally, the groundwater velocity of the No. 8 Coal
Seam was found to be no greater than 0.076 feet per day. The groundwater production
from the Fruitland Formation and the associated coal seams very minor and it is not
considered an aquifer. The groundwater quality in the coal seams of the Fruitland
Formation is naturally poor and water production is very minor. Consequently, regional

use is virtually nonexistent because of the poor water quality and quantity.

The Fruitland Formation is overlain in selected areas by an unconfined Quaternary
eclian and alluvial sand, silt, and gravel formation. The Quaternary deposits vary in
thickness and are unsaturated to the west of the Bitsui Wash and saturated by
agricultural return flows to the east of the wash. Underlying the Fruitland Formation is
the Pictured Cliffs Sandstone, a very low water yielding fine grained clean marine
sandsione. There is approximately 60 feet of the Fruitiand Formation separating the
upper Quaternary deposits and the No. 8 Coal Seam, therefore no hydrologic

connection between the water within coal seam and the overlying Quaternary formation



exists. Similarly, downward migration of water from the coal seam to the Pictured Cliffs

Sandstone is blocked by the lower section of the Fruitland Formation.

Background studies evaluating ash leaching potential and constituent migration were
conducted prior to the SGS. The Leach Study, was used as a source of information
relating to the geochemical interactions that potentially take place between spails, fly
ash, bottom ash, sludgeffly ash, coal and the groundwater. The fate and transport
assessment of ash constituents and the potential impacts to the groundwater quality on
downgradient receptors (i.e., San Juan Valley aquifer) due to ash disposal were

evaluated using the Leachate Study.

3.0 GROUNDWATER MONITORING

3.1 Monitoring Well Locations

Phase One of the SGS consisted of the installation of three monitoring wells, Bitsui 1, 2,
and 3 in the Bitsui A area (FIGURE 1). Well Bitsui-1 was located directly within the
boundary of the ash disposal area. This well was completed down to the old pit floor
and monitors the saturated thickness of the ash. Wells Bitsui-2 and Bitsui-3 are located
downgradient from Bitsui-1 and are completed at a similar depth to Bitsui-1, at the
bottom of the No. 8 Coal Seam in the Fruitland Formation. Wells Bitsui-2 and Bitsui-3
are located in an undisturbed area between the ash and the northeastern and east
lease boundaries. The three wells were located so that they form an approximate
equilateral triangle in order to assess the groundwater flow direction and gradient. The
well locations and depths were based on hydrogeologic information provided in the

PAP Chapter 6, Groundwater Hydrology.



After reviewing the sampling and analysis results from the Phase One wells and the
hydrogeologic and geochemical information provided in the Leach Study, and the PHC
three wells, Bitsui 4, 5, and 6 were installed as part of Phase Two. These wells were
used to determine if leachate is migrating away from the Bitsui area and to what extent.
The wells also provide for the early detection of potential migration of leachate
constituents. Wells Bitsui-4 and Bitsui-6 were located sufficiently within the distance a
constituent would travel freely in solution in 20 years (i.e., estimated time since ash
burial) based on the groundwater velocity of 0.076 ft/day. Well Bitsui-5 was located to
assess groundwater movement towards the Bitsui Wash. The location of these wells

and the Bitsui 1, 2 and 3 wells are indicated on FIGURE 1.

Background groundwater quality data was obtained from Well Kf83-1. This well is part
of the Navajo Mine's annual groundwater monitoring program Chapter 6, Groundwater
Hydrology. Well Kf83-1 is located upgradient so that its water quality was not affected
by ash disposal in the Bitsui A area. A Piper trilinear plot of the three detection wells
Bitsui 1, 2, 3 and the background well KF83-1 is provided in APPENDIX D-2. The plot
shows that the water quality between the background well and the downgradient
detection wells is similar and therefore the wells are monitoring the same water bearing

formation (i.e., No. 8 Coal Seam).

The location of the down gradient monitoring wells (i.e., Wells Bitsui-2, 3, 4, 5,and 6) in
the Bitsui A area of the mine are in compliance with the requirements of 40 CFR
264.79. The wells are located so that they intercept the potential leachate migration

pathway from the ash disposal area in the Bitsui A area.

3.2 Well Construction

The wells installed in Phase One were two inch diameter wells. The wells installed in

Phase Two were four inch diameter wells. Both the Phase One and Phase Two wells



were constructed of PVC well casing with sand packed screened intervals and
bentonite grout annular spaces. The screened interval for all the wells is at the depth of
the No. 8 Coal Seam. This is considered the potential groundwater pathway within the
Fruitland Formation for ash leachate affected groundwater. The wells were completed

as above ground wells with locking steel protective outer casings.

Boring logs and well construction diagrams are presented in APPENDIX A. The
monitoring wells were completed in July 1994 for Phase One and in October 1995 for

Phase Two.

3.3 Sampling and Analysis

.Static water level measurements to the nearest 0.01 foot were documented prior to
each water sampling event. EPA groundwater sample collection guidance and
management procedures were followed for the collection, transport, and preservation of

collected samples.

The laboratory analysis performed on the samples followed EPA approved procedures
found in Standard Methods for the Examination of Water and Waste Water by the Joint
Editorial Board, American Public Health Association, American Water Works
Association, and Water Pollution Control Federation, 18th edition. The Quality

Assurance Quality Control Program in Appendix 27-E of Navajo Mine’s NM-0003C PAP

was followed.
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3.4 Parameter Selection

The parameters listed in TABLE 1 were used for sample analysis. The parameter list
was developed based on the identification of potential sources of contaminants to the
groundwater specifically as a resuit of ash disposal. The results of the Leach Study
were considered in selection of the parameters. Major ions were included in the list for

an ion balance as a quality control measure.

TABLE 1
GROUNDWATER QUALITY PARAMETERS

Water Level Iron, dissolved
pH Manganese, total
Total Dissolved Solids Manganese, dissolved
Conductivity Aluminum
Calcium Arsenic
Magnesium Barium

Sodium Beryllium
Potassium Boron

Carbonate Cadmium
Bicarbonate Copper

Sulfate Lead

Chloride Mercury

Fluoride Selenium

Nitrate Silver

Nitrite Silica

Phosphate Sulfide

Iron, total

Zinc



3.5 Samplina Freguency

The three Phase One detection monitoring wells were sampled five times. The
background well (i.e., Kf83-1) is part of the PAP annual monitoring program and data

was provided from five sampling events. The Phase Two assessment wells were

sampled two times.

3.6 Data Analysis

The groundwater laboratory data generated was entered into the Navajo Mine's
database for analytical review (APPENDIX D). The data from well Bitsui -1 installed in
ash was used to identify ash leachate indicator parameters. The data collected from the
five remaining wells were analyzed to detect potential ash leachate parameters and
determine the extent of leachate migration. Statistical analyses of mean, standard
deviation, coefficient of variation, and time verse concentration graphs were reviewed to
characterize the water quality, identify trends, detect leachate constituents, and identify

problems with the laboratory data.

The groundwater analysis results are summarized in APPENDIX D-1 and the complete
lab data reports are provided in APPENDIX D-4. The mean, standard deviation,
coefficient of variance, and range were calculated for each parameter and are provided
in APPENDIX D-3. The data from these sampling events is provided electronically in
the format specified for the Office of Surface Mining's Coal Permit and Reclamation
Database (APPENDIX D-5).
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40 RESULTS AND CONCLUSIONS

4.1 Results

The hydrogeologic data collected during the SGS provided potentiometric surface
maps, hydrologic gradients, direction of groundwater flow, and groundwater quality
information. This information supported previous work completed by Navajo Mine
including, baseline hydrogeology, the PHC section, and the Leach Study. The Phase
One wells were used to determine the groundwater flow direction, groundwater quantity
and quality, hydrologic gradient, and the potentiometric surface. The field
potentiometric surface measurements from the Phase One wells are presented in
TABLE 2. The potentiometric maps constructed from these measurements are
presented in FIGURES 2 through 6 of APPENDIX C. The potentiometric surface maps
constructed using the Phase One well information show the groundwater flow direction
in the area to be generally in a northeast direction. This is consistent with the flow

directions shown in FIGURE 1, for the No. 8 Coal Seam and the direction used in the

PHC and Leach Study.

The hydraulic gradients determined using the Phase One wells ranged from 0.0007 ft/ft
to 0.0009 f/ft. This is consistent with the baseline groundwater information provided in
the PAP Chapter 6, Groundwater Hydrology. This gradient range is also consistent with
the groundwater velocity of 0.076 feet per day stated in Chapter 11, PHC, Section 11.6.
These hydrologic characteristics were also used in the Leach Study. The
potentiometeric map constructed from measurements collected on March 1, 1995,
shows the groundwater flow direction towards the east. This is a result of an error in

field measurements.
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TABLE 2

NAVAJO MINE

POTENTIOMETRIC SURFACE DATA

WELL MEASURING DATE DEPTHTO WATER LEVEL
POINT ELEVATION WATER ELEVATION
(ft) (ft) (ft)
Bitsui 1 5194.76 2/17/95 32.17 5162.59
3/1/95 32.10 5162.66
4/27/95 31.90 5162.86
5/19/95 31.85 5162.91
10/18/95 30.19 5164.57
Bitsui 2 5217.32 2117195 55.92 2101.40
3/12/95 55.07 5162.25
4/27/95 55.47 5161.85
5/19/95 55.48 5161.84
10/18/95 53.96 5163.36
Bitsui 3 5235.97 2/17/95 74.06 5161.91
3/1/95 74.18 5161.79
4/27/95 73.94 5162.03
5/18/95 73.32 5162.65
10/18/95 72.50 5163.47
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A total of five groundwater samples were collected for laboratory analysis from the
Phase One wells. The Phase Two wells were sampled two times. The results are
presented in APPENDIX D-1 and complete lab data reports are provided in APPENDIX
D-4. The statistical analysis performed for each parameter is provided in
APPENDIX D-3. The data from these sampling events is provided electronically in the
format specified for the Office of Surface Mining's Coal Permit and Reclamation

Database (APPENDIX D-5).

The water quality analyses for well Bitsui-1, completed in the ash, exhibit elevated
levels of Boron (i.e., mean concentration 8.10 mg/l). These levels were greater than
the Boron concentrations found in composite groundwater samples collected as part of
the Leach Study (i.e., mean concentration 0.43 mg/l) shown in TABLE 27.B2
(reproduced in APPENDIX B), the downgradient detection wells, and the background
well Ki83-1 (i.e., 0.95 mg/l mean concentration). Two graphs are provided in
APPENDIX D-6 comparing Boron levels between background, ash, and downgradient
wells. The background well Kf83-1 is located upgradient so that its water quality was

not affected by ash disposal in the Bitsui A area.

A Piper trilinear plot of the three detection wells Bitsui 1, 2, 3 and the background well
KF83-1 is provided in APPENDIX D-2. The plot shows similar water quality between
the background well and the downgradient detection wells. Therefore the wells are

monitoring the same water bearing formation (i.e., No. 8 Coal Seam).
It was also noted that selenium and arsenic were elevated slightly above detection
limits in Bitsui-1 when compared to Bitsui-2 and Bitsui-3 and the background water

quality. These two parameters, along with Boron, were used as indicator parameters of

leachate formation and transport.
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The Boron concentrations detected in Bitsui-1 (i.e., mean concentration 8.10 mg/l), are
less than the Boron concentrations detected in the fly ash leached with composite
groundwater (i.e., mean concentration 11.1 mg/l) as shown in TABLE 27.820 from the
Leach Study (reproduced in APPENDIX B). This data indicates that the groundwater at
well Bitsui-1 has elevated Boron due to contact with the buried ash. However, the
Boron levels are less than those predicted by the Leach Study. The downgradient wells
Bitsui-2, 3, 4, 5, and 6 completed within the potential extent of the groundwater
migration pathway downgradient from the Bitsui A area did not show elevated Boron
levels. These monitoring resuits indicate that Boron as well as other constituents are
being attenuated and therefore have not migrated downgradient away from the ash
burial location at the same rate as the groundwater. The fact that the Boron levels in
well Bitsui-1 are less than those predicted in the Leach Study and are not detected in

downgradient detection wells supports the attenuation conclusions of the Leach Study.

While dissolved sodium and sulfate in groundwater are not of particular concern from a
water quality perspective, it can be noted from the groundwater quality data collected
that those two parameters are elevated in the samples from well Bitsui-1. It can also be
noted that sodium and suifate in well Bitsui-1 are elevated above levels predicted in the
Leach Study for fly ash leached with composite groundwater as shown in TABLE 27.B2
in APPENDIX B.

The source of the elevated sodium and sulfate appears to be the spoil material that
surrounds the ash at the Bitsui-1 well location. TABLES 27.B15 through 27.B19
(combined in the Leach Study NM-0003D PAP APPENDIX 11-K) show elevated sodium

and sulfate levels for spoil materials leached with composite groundwater.

16 .



50 Conclusions

The conclusion of the SGS is that burial of ash in saturated post mined pits has an
negligible impact on human health and the environment. The SGS determined that the
probable hydrological consequence of ash disposal and ash generated leachate upon
the groundwater quality is insignificant. Ash burial and potential ash affected
groundwater does not impact the water quality or quantity significantly as to change the
designated use or classification of the groundwater or surface water. These
conclusions are consistent with the conclusions of the Leach Study, and the predictions

stated in the PHC in the PAP.

The information provided in the Leach Study and the PHC were used to design the
SGS, including hydrogeologic and geochemical characteristics, the placement of the
wells, and the selection of the water quality parameters. In turn, the results of the SGS
supported and strengthened the conclusions made in the Leach Study and PHC. The
PHC assumed the rate of movement of the groundwater to be 0.076 ft/day. Based on
this flow velocity, the shortest time of travel for leach affected groundwater from the
northern most portion of the mine to the San Juan River was estimated to be
approximately 200 years. Using a groundwater velocity of approximately 2.6 times the
0.076 ft/day rate and the downgradient historical boundary of ash disposal in the Bitsui
A area, a worst case well was installed (i.e., Well Bitsui-6), 40 feet downgradient at the
same elevation as the No. 8 Coal Seam . The groundwater sample resuilts from the
Bitsui - 6 detection well, as well as the other five detection wells showed no evidence of
ash leachate constituent migration. The very slow rate of migration (i.e., less than 40
feet) of potential ash leachate constituents (i.e., Boron, Arsenic, and Selenium) within
the time period of approximately the 20 years since the start of ash disposal supports

the Leach Study attenuation conclusions.
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The results of the Leach Study concluded that the migration of ash leachate
constituents may not occur or, if so, at a slower rate than the groundwater velocity. The
Leach Study’s-bench leach tests concluded that the rate of selected constituent
migration would be attenuated and would be significantly less than the groundwater
velocity of 0.076 ft/day. The failure to detect ash leachate constituents in the
downgradient wells above background concentrations supports the attenuation
conclusions. The Leach Study determined that the reason for the attenuation of the
ash constituents included the absorption and/or precipitation of the constituents from
the leachate. The study also predicted that the quality of the groundwater would be
expected to generally increase (i.e., metal concentrations usually decrease while sulfate
levels increase) when the groundwater is exposed to spoil. Moreover, as the
groundwater travels through the water bearing formations (i.e., coal seams) additional
attenuation would occur, further reducing migration of constituents and the impact on

groundwater quality.

The PHC section of the PAP predicted that the impacts from ash disposal to the
hydrologic regime and specifically the San Juan River water, would be so small as to be
undetectable. This prediction was based on the baseline hydrogeologic characteristics
of the water bearing formation (i.e., No. 8 Coal Seam) and the San Juan River alluvial
aquifer and the attenuation determinations made in the Leach Study. Based on the
hydrogeologic aquifer tests performed on the Fruitland Formation and the associated
No. 8 Coal Seam the PHC concluded that the contribution of leachate affected
groundwater to the large storage capacities of the San Juan Valley alluvial aquifer
would be undetectable. Moreover, impacts to surface from water contributions of
leachate affected groundwater from the Fruitland Formation to the San Juan River
using the mean annual flow in San Juan River would be a ratio of 0.000074 to 1.0. The
impact of ash affected groundwater on the San Juan River water quality using these

results is so small as to be unmeasurable.
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The information and conclusions provided in the SGS, PHC, and the Leach Study
provide the technical documentation necessary to show that no significant impacts are
observed from ash disposal on the quality and quantity of groundwater at the Navajo
Mine. Moreover, The findings of the Supplemental Groundwater Study are conéistent
with United States Environmental Protection Agency’s (EPA) 1988 Report to Congress,

Wastes from the Combustion of Coal by Electric Utility Power Plants, demonstrating

that these wastes do not exhibit hazardous characteristics under current the Resource
Conservation Recovery Act regulations. Including, EPA's tentative conclusion that
current waste management practices appear to be adequate for protecting human

health and the environment.
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APPENDIX A

WELL LOGS AND WELL CONSTRUCTION DIAGRAMS

November 1996

BHP Minerals
Navajo Mine

Fruitland




NAVAJO MINE

. PROJECT.__ SGS Phase One, EHP Minerals BORING NUMBER: Bitsui-1
Navajo Mine TOTAL DEPTH: 78.7

AREA: BITSU! A LOGGER: Phil_Eerry, Metric Corp
SECTION: 15 NORTHING: 20817884
TOWNSHIP: T29N EASTING: 330.254.5
RANGE: R15W COLLAR ELEVATION:___§191.82
CONTRACTOR: Metric Coro. DATE COLLARED: June 15.1894
DRILLER: Rogers & Company Inc. DATE BOTTOMED: June 15.1994

nteevat
0.0-8.7
and pabble gravel.
8.7-28.7 20 Brownish gray (SYR 4/1) sandy clay with some granule
gravel.
28.7-38.7 10 Light olive gray (5Y6/1) sandy clay with siliceous bottom
ash.
38.7-55.0 16.3 Light olive gray (5§Y6/1) _siliceous bottom ash and sandy
fly ash.
55.0-63.7 8.7 Light gray (N7) fly ash.
63.7-73.7 10 Light olive gray (5Y 6/1) siliceous bottom ash and sandy
fly ash.
73.7-78.7 5.0 Olive gray (5Y 4/1) shale .
REMARKS:

. ‘
»

Page 1 of 1 BITSUIISUM.DOC Hole Number: BITSUI-1



NAVAJO MINE

PROJECT: SGS Phase One._ BHP Minerals BORING NUMBER: Eitsui-2

] . Navajo Mine TOTAL DEPTH: 125.0'
AREA: BITSUI A LOGGER: Fhil Eerrv, Metric Corp.
SECTION: 15 NORTHING: 2.082.771.6
TOWNSHIP: T29N EASTING: 331.168.7
RANGE: R15W COLLAR ELEVATION:___£2125
CONTRACTOR:_Metric Corp. DATE COLLARED: July 13.1994
DRILLER: Rogers & Company Inc. DATE BOTTOMED: July 13.1994

terv 1uf

0.0-5.0 . 5.0 Pale yellowis

5.0-10.0 5.0 Dark yellowish brown (10YR 4/2) weathered shale.
10.0-30.0 20.0 Pale yeliowish brown (10YR 6/2) weathered shale.
30.0-40.0 10.0 Dark yellowish brown (10YR 4/2) weathered shale.
40.0-49.0 9.0 Light olive gray (5Y 6/1) weathered shale.
49,0-52.0 3.0 Black (N1) coal.
52.0-56.0 4.0 Light olive gray (5Y 6/1) weathered shale.

56.0-95.0 39.0 Light olive gray (5Y 6/1) friable shale.

95.0-99.0 4.0 Pale yellowish brown (10YR 6/2) friable shale.
§9.0-120.0 21.0 Grayish black (N2) coal.
120.0-126.0 5.0 Olive aray (5Y 4/1) friable shale.-

REMARKS:

Page 1 of 1

»

BITSUI2SUM.DOC Hole Number: BITSUI-2



NAVAJO MINE

PROJECT.___SGS Phase One, _EBHP Minerals BORING NUMBER: Eitsui-3

Navajo-mine TOTAL DEPTH: 175.0°
AREA: BITSUI A LOGGER: Ehil_Berrv. Metric Corp.
SECTION: 15 NORTHING: 2.081.610.5
TOWNSHIP: T29N EASTING: 332.157.1
RANGE: R15W COLLAR ELEVATION:__ £.233.85
CONTRACTOR: _Metric Corp. DATE COLLARED: July 14,1824
DRILLER: Rogers & Company_Ine. DATE BOTTOMED: Julv 14,1994

FORMATION RECORD

Pale yellowish brown (10YR 6/2) poorty sorted.

subanguiar to subrounded, very fine sand to very course

sand

13.0-25.0 12.0 Grayish orange (10YR 7/4) medium sorted subreunded.
fine to medium sand.
25.0-35.0 10.0 Grayish orange (10YR 7/4) poorly sorted. subrounded
very fine sand to granule gravel.
35.0-62.0 27.0 Light olive gray (5Y 6/1) weathered shale.
62.0-63.0 1.0 Olive gray (5 Y 4/1) carbonaceous shale.
63.0-68.0 5.0 Light olive gray (5Y i6/1) weathered shale.
68.0-68.0 1.0 Olive gray (5Y 4/1) carbonaceous shale.
69.0-78.0 8.0 Light olive gray (5Y 6/1) weathered shale.
78.0-80.0 2.0 Black (N1) coal.
80.0-100.0 20.0 Light olive gray (5Y 6/1) friable shale.
100.0-133.0 33.0 Olive gray (5Y 4/1) friable shale.
133.0-140.0 7.0 Grayish black (N2) coal.
140.0-148.0 8.0 Olive gray (5Y 4/1) friable shale.
148.0-152.0 4.0 Black (N1) coal.
152.0-157.0 5.0 Olive black (5Y 2/1) shale.
157.0-170.0 13.0 Black (N1) coal.
170.0-175.0 5.0 Olive gray (5Y 4/1) shale.
REMARKS:

Pagelof 1
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NAVAJO MINE

PROJECT:_SGS Phase Two. BHP Minerals HOLE NUMBER: Eitsui-d

' Navajo Mine TOTAL DEPTH: £3.0°
AREA: BITSUI A LOGGER:
SECTION: 15 NORTHING: 2.082 065.3
TOWNSHIP: T29N EASTING: 330.339.5
RANGE: R15W COLLAR ELEVATION:;__£.162.6
CONTRACTOR:_Philio Environment DATE COLLARED: Z5-~Jen-1€96
DRILLER: Mike Donghue DATE BOTTOMED: 25-Jan-1896

FORMATION RECORD

i SR scriptio
0.0-2.0 2.0 Tan topsoil material mostly siily sand, very foosa.
2.0-24.0 22.0 Gray spoil, shaie and sandstone.
24.0-63 38.0 Gray spoil shale and sandstone material.
63.0 Bottom of hole.
REMARKS:
DATE PREPARED: Feb. 03-96 PREPARED BY: K. valdez

Pagelof 1 BITSUI4SUM.DOC Hole Number: BITSUI-$



NAVAJO MINE

PROJECT: GSG Phase Two. BHP Minerals HOLE NUMBER: Eitsui-5

B} Navajo Mine TOTAL DEPTH: 63.0°
AREA: BITSUI A LOGGER: KERQY VALDEZ
SECTION: 15 NORTHING: 2.082.169.5
TOWNSHIP: T28N EASTING: 331.089.2
RANGE: R15W COLLAR ELEVATION: __5.181.1
CONTRACTOR:_Philip Environment DATE COLLARED: 26-Jan-1996
DRILLER: Mike Donghue DATE BOTTOMED: 26-Jan-1996

0.0-2.0
2.0-18.0 16.0 Gray spoil material, mostly fine grained sand with shele.
18.0-24.0 6.0 Dark brown spail, shale and sandstone.
24.0-76.0 52.0 Dark brown clay material well compacted, fine grained.
76.0 Bottom of hole.
REMARKS:

DATE PREPARED: Feb. 03-96

Page 1 of 1

PREPARED BY: K. valdez

BITSUISSUM.DOC Hole Number: BITSUI-5



NAVAJO MINE

PROJECT. SGS Phase Two, BHP Minerals BORING NUMBER: Bitsui-6
. Navajo Mine TOTAL DEPTH: 78.0°
AREA: Bitsui A LOGGER: KERQY VALDEZ
SECTION: 15 NORTHING: 20818713
TOWNSHIP: T29N EASTING: 3302324
RANGE: R15W COLLAR ELEVATION: _5.18£ ¢
CONTRACTOR:_Philip Environment DATE COLLARED: 31-J2n-1996
DRILLER: Freddie Rivera DATE BOTTOMED: 20-J2n-1996

FORMATION RECORD

‘Descriptio g
Tan. sandv topsoil material. fine to coarse grained. §

2.0-7.0 5.0 Tan/gray, sandy spoil material, with shale and rounded
sandstone, fine to coarse grained.

7.0-8.0 1.0 Tan/gray sandy spoil material with shale and roundeg
sandstone. fine to coarse grained.

8.0-23.0 15.0 Gray sandy spoil materiel with shale and rounded
sandstone. fine to coarse grained.
23.0-38.0 15.0 Gray sandy spoil with shale and rounded sandstone, fine
38.0-60.0 22.0 No material came up.
60.0-63.0 3.0 Hard rock and slow drilling. ] |
63.0-76.0 13.0 No material came up. stopped activity at this point to have
the water stabilize overnight.
76.0' T.D.
DATE PREPARED: Feb. 03-96 PREPARED BY: K. valdez

Page 1 of 2 BITSUI6SUM.DOC Hole Number: BITSUI-6
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APPENDIX B
LEACH STUDY
TABLE 27.B2 AND TABLE 27.B20

November 1996

BHP Minerals
Navajo Mine

Fruitland
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PARAMETER

Ceneral Chemiscry:

Acidicy
Alkalinicy
Chloride
Cyanide
Fluoride
Nicrate
pH
Phenolics
Residue?
filterable @ 180°C

Specific Conductance

Sulf:re
Mecais:
Aluminum
Arsenic
Barium
Boron
Cadmium
Calecium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury (Total)
Molybdenunm
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
Total Alpha
Total Beta

Tocal Radium
(226 and 228)

UNITS

mglt(l)CaC03

mg/t CaCO4y
mg/L
mg/t
mg/t

mg/t NO4-HN

mg/e

mg/t

umhos/cm
8 25°C

mg/t 506-2
mg ¢
mg/t
mg/t
mg/t
mg/L
mg/t
mg/t
mng/t
mg/tL
mg/t
mg/t
mg/t
mg/2
mg/t
mg/L
mg/t
mg/t
mglt
mg/t
mg/t -
mg/t

pCi/z(L)-
pcili
pCi/e

MUEHUTUY Ve U gvay v

27-B-16

TABLE 27.82

WATER ANALYSIS SUNOARY

SURFACE WATER

<1
88
15
<0.02
1.0
g.7
7.80
<0.01

1,900
2,310

1,200

0.6970.75¢2)
<0.001
0.03/0.02
0.31
€0.001/<0.002
230
0.002
<0.001/0.001
0.04/0.031
0.45
<0.01/<0.01
28
0.08
<0.0002
<0.001
0.06
11
<0.001
<0.001/<0.002
280
0.06
0.520.5
4.726.7
0.320.6

e

SAMPLE IDENTIFICATICH
COMPOSITE 1

<l NA(J)
3,100 NA
380 7.9
<0.02 <9.31
2.2 0.62
4.5 0.03
8.80 11.93
<0.01 0.07
¢,400 7,240
5,300 NA -
22 <1.0
0.88 5.0
0.004 <0.001
1.5 3.9
0.97 <g.01°
<0.001/0.002 <0.004/0.004
11 620
0.001 0.16
0.008/0.002 <0.01/<).004
0.02/0.051  <0.02/0.029
2.8 0.07
0.03/0.03 0.1
3.6 0.3
0.47 0.06
<0.0002 <0.001
0.00S <0.05
0.1l <0.01
7.2 65
0.006 <0.018
<0.001/<0.002 <0.002
1,600 2,300
g.07 0.04
1.740.6 1.020.9
4.224.1 5.254.5
0.320.6 0.520.7

COMPOSITE 2  COMPOSITE 3

<1
940
310
<0.02
2.6
t.3
8.70
0.01

4,100 ™
6,000

1,500

1.3
0.008
0.06
0.20
0.002/0.002
36
0.006
0.014/0.012
<0.01/0.017
3.7/3.8
0.02/<0.01
4.5
0.38
<0.0002
0.003
0.07

8.4
0.014
0.001/<0.002
1,400
0.08
0.820.7
4.026.3
0.220.3
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PARAMETER

Ceneral Chemiscry:

Acidity
Alkalinicy
Chloride
Cyanide
Fluoride
Nitrace

2.
Phenoclics

Besidue:

Filterable @ 180°C

Specific Conductance

Sulface

Metals:

(1)mg/l = milligrams per lit

Aluminum
Arsenic
Bariua
Boron
Cadmium
Calcium
Chromium
Cobalct
Copper
Iren

Lead
Magnesium
Manganese
Mercury (Toctal)
Molybdenun
Nickel
Potassium
Selenium
Silver
Sodium
Zinc

Total Alpha
Total Beta

Tocal Radium
(226 and 228)

(2)1ne indicaced sample was

(3)
%)

Not analyzed.

1955 Keorganisdiiuil
Amended 02/88, 01/83

27-8-17
TABLE 27.B2
(Continued)
SAMPLE IDENTIFICATION
UNITS COMPOSIIE 4 COMPOSITZ S
mg/l(l)C4CD3 <1 <1
mg/t CacO3 510 940
og/t 5,200 2,000
mg/t <0.02 <0.02
ng/t 0.3 1.3
wg/t NO3~¥ 18 11
-~ 8.20 9.50
gl L 0.04 0.02
mg/t 9,800 4,600
umhos/cm 15,600 8,100
@ 25°C -
ng/t 50,7 120 $S
mg/t <0.01 1.7
mg/t 0.015 0.017
mg/t 0.92 2.5
mg/t 0.53 0.42
mg/L 0.001 6.002/<0.00%
mg/t - 160 140
mg/t 0.008 0.034
mgl/t 0.035/0.034 0.017
mg/L <0.01 0.04
g/t .15 5.6
mglt 6.12 0.08
mg/t 32 11
mg/t 0.03 0.70/0.70
mg/e <0.0002 <0.0002
mg/t 0.025 0.008/0.00%
mg/t 0.1l1 0.04/0.04
mg/t 19 . 12
mg/t 0.011 0.020
mg/t <§.001/<0.002 ©0.015/<0.002
mg/t 3,500 1,600
mg/t 0.21/0.22 0.09
pcise(®? 1.920.5 <0.1
pci/t 4.023.7 3.923.9
pCi/s 0.420.6 0.420.6

.

er or parcts per million.
analyzed in duplicate. »

pCi/t = pico curies per licer.
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L:4 ASTM LEACHATE ANALYSIS SUMMARY Amendeg 02/88, 01/89

FOR FLY ASH 27-8-52
‘ FLY ASH LEACEZD WiTH:
. PARAMETER UNITS SURFACE WATER ~ COMPOSITE 1 COMPOSITIE 3
Ceneral Chemistry: )

Acidity mg/l(l)CaCO3 <l <1 <1
Alkalinity mg/% CaCO, 820 2,600 840
_Chloride mg/ % 16 360 290
“Cyanide mg/ % <0.02 <0.02 <0.02
Fluaride mg/t 1.9 1.6 0.4
Nitrace mg/¢ NOy-N 3.3 2.0 2.0

pH - 12.20 10.30 11.80
Phenolics mg/ L 0.03 0.03 0.03
Residue:? -

Filterable @ 180°C mg/L 2,000 4,300 - 4,500
Specific Conductance umhos/cm 5,490 7,470 7,350
@ 25°C
Sulfate mg/1 50,72 590 510 1,200
Metals:
Aluminum’ mg/% 0.8 15 16
. Arsenic mg/L 0.009 1.00 0.140
Barium - mglL 0.49 0.30 0.33
_Boron mg/ 2L 1.0 20 12
Cadmium mg/e <0.001 <0.001 <0.001
Calcium mg/2 290 7 80
Chromium mg/ L 0.14 0.24 0.22
Cobalt mg/ % <0.001 0.005 0.004
Copper mg/ % <0.01 <0.01 <0.01
Iron . mg/% 0.02 0.07 0.04
Lead mg/ L <0.01 0.01 0.01
Magnesium mg/% 0.2 0.8 0.2
Manganese mg/ 4 0.02 0.02 <0.01
Mercury mg/2 <0.0002 <0.0002 <0.0002
Molybdenum mg/2 1.4 0.75 0.64
Nickel mg/L <0.01 <0.01 <0.01
Potassium mg/ 4 17 7.0 9.2
Selenium mg/% 0.09 0.83 . 0.32
Silver mg/L <0.001/<0.001 <0.001/0.002 0.00l
- Sodium mg/L 380 1,300 1,100
Zinc mg/ e 0.01 0.01 0.01



PARAMETER

~eneral Chemistry:

‘ Acidity

Alkalinity
Chloride
Cyanide
Fluoride
_Nicrate
épH
Phenolics
Residue’
Filterable @ 180°C

Specific Conductance

Sulfate
Metals:
Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury'
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium

Zinc

UNITS

mg/2¢caco,

mg/¢ CaCO4
mg/ L
ng/s
mg/%

mg/8% NO,-N

mg/L

mo /8

umhos/cm
@ 25°C

mg/t $0,72

mg/L
mg/2e
mg/L
mg/%
mg/ L
mg/t
mg/L
mg/2
mg/8
mg/2
mg/ 1
mg/L
mg/L
mg/e
mg/%
mg/ L
mg/ 4L
mg/%
mg/2
mg/ 2
mg/%

TRULL &7 et

(Continued)

COMPOSITE 4

<1
960
5,600
<0.02
3.1
19
12.00
0.03

10,000

~Tn

320

0.3
0.017
1.3
6.2"
<0.001
520
0.070
0.070
<0.01
0.04
0.19
0.2
0.02
0.0006
1.5
0.05
22
0.22
0.001/0.002
3,000
0.01

Amended 02/88, 01/89

27-B-53
COMPOSITZE 5

<1
1,000
2,100
0.04
1.9
3.3
12.15
0.05

4,800
12,500

370

2.0
0.030
1.7
6.2
<0.001

160
0.118
0.006
<0.01
0.03
0.06
<0.1
<0.01

~ <0.0002
1.2
<0.01
14
0.38

<0.001/0.001

1,900
0.01

DEIONIZED WATER

<l

-1,400

3.9
<0.02

3.3

2.5
12.10

0.05

1,600
5,710

-

10

<0.1
0.010
4,9
5.1
<0.001/<0.001
590
0.036
<0.001
<0.01/0.05
0.02
<0.01/<0.01
0.2
0.02/0.02
<0.0002
1.5
0.07
2.0/2.0
0.24
0.016/0.014
41
0;04/0.04
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BHP Minerals Navajo Mine 11/01/96

NAVAJO MINE
EHP MINERALS, NAVAJO MINE
SUPPLEMENTAL GROUNDWATER STUDY
GROUNDWATER QUALITY DATA

Sample Range: From 03/01/95 Through 04/30/96

Staticn Name: BITSUI-1 2ITSUI-1 BITSUI-1 3ITSUI-1 SITEUI-1
Sample Date: 03/01/95 04/27/95 05/19/95 10/18/95 c1/32/93
LABORATORY MSASUREMENTS

pH {s.U.) 8.70 8.80 8.80 8.90 3.80
Conduczivicy {umho/cn} 17800 18100 25300 17800 17300

TDS (180 dag C) {mg/1) 14200 14200 14200 13200 13700
Boron {mg/1} 9.20 7.60 8.44 6.98 8.30
Fluoride {mg/1) 2.60 2.64 2.71 2.51 $.33
Nutrients '

Nitrate as N {mg/1) 1.42 2.40 1.50 -0.01 ¢.73
Nitrize as N (mg/1) -0.01 -0.01 -0.01 -0.01 -3.95
Major Ioms

Bicartonazs as HCO3 (mg/1) 1020.00 1160.00 1180.00 1010.092 £37.20
Carbonace as €03 (mg/1) 82.00 60.00 84.00 108.00 £5.00
Sulfate {mg/1} 6780.00 £§680.00 7100.00 6€850.00 5330.00
Sulfide (mg/1) 0.570 N -0.010 N -0.010
Calcium {mg/1) 4§.00 $6.00 45.00 £5.00 6§3.09
Magnesium (mg/1) 28.00 34.00 29.00 27.00 32.00
Sodium (mg/1) 4980.00 4970.00 4830.00 4860.00 £359.00
Potassium (mg/1) 27.00 54.00 23.00 20.00 23.00
Chloride (mg/1) 1880.00 2050.00 2070.00 1950.00 2530.00
Total Phosphorus (mg/1) 1.89 1.88 N N N
Major Cations {meq/1) 221.91 223.15 215.32 216.92 225.52
Major Anicns (meg/1) 213.75 218.08 228.47 217.77 212.36
Charge Balance {percent) 1.87 1.18 2.96 0.20 1.63
Lab Detezmined Cations (meq/1) 221.80 223.26 215.22 216.89 22%.35
Lab Determined Anions (meq/1) 213.93 218.10 228.70 218,06 2:8.69
Lab Determined Ion Balance (percent) 1.8 1.17 3.04 0.27 1.50
Trace Metals (Dissolved)

Aluminum {mg/1} -0.100 N -0.100 N 0.150
Arsenic (mg/1} 0.040 0.030 0.040 N 0.036
Barium (mg/1} -0.050 -0.500 -0.500 -0.500 0.030
Beryllium {mg/1} -0.0010 N -0.0010 N -2.0050
Cadmium (mg/1) 0.0030 -0.0020 -0.0050 -0.0020 -0.0020
Copper (mg/1) -0.010 N -0.010 N -0.010
Iron (mg/L) -0.080 -0.050 -0.050 -0.050 -0.050
Lead (mg/1} 0.006 0.011 -0.050 -0.005 -0.00S
Manganese (mg/1) 0.110 0.094 0.100 0.080 0.100
Mercury (mg/1) -0.00100 N -0.00100 N -0.00100
Selenium {mg/1) 0.009 0.007 0.007 0.016 0.610
Silica as Si (mg/1) 6.950 N 6.660 N 6.970
Silver {mg/1) -0.010 -g.010 -0.010 N -0.010
Zinc (mg/1) 0.050 -0.010 -0.010 N -0.010
Trace Metals (Total) )

Total Iron {mg/1) 1.50 0.90 1.06 0.62 0.65
Total Manganese (mg/1) 0.14 0.11 0.11 0.07 0.10

Note: N => No measurement

W@
"
¥



EHP Minerals Navajo Mine
NAVAJQ MINE

Sample Range: From 03/01/95 Through

Station Name:
Sample Date:
LABORATORY MSASUREMENTS
pH

Conductivicy

TDS (180 deg C)

Boron

Fluoride

Nucriencs

Nitrate as N

Nitrice as N

Major Ions
Bicarkbonate as HCO3
Caxbonate as €03
Sulfate

Sulfide

Calcium

Magnesium

Sodium

Potassium

Chloride

Total Phosphorus
Major Cations

Major Anions

Charge Balance

Lab Determined Cations
Lab Determined Anions

Lab Determined Ion Balance

race Metals {(Dissolved)
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Copper
Iron
Lead
Manganese
Mercury
Selenium
Silica as Si
Silver
Zinc
Trace Metals (Total)
Total Iron
Total Manganese

Note: N =5 No measurement

(s.0.)
{umho/cm)
(mg/1)
(mg/1)
(mg/1)

{mg/1)
{mg/1)

{mg/1)
(mg/1)
{mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(meq/1)
(meq/1)
(percent)
{meq/1)
(meg/1)

(percent)

{(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)

(mg/1)
(mg/1)

BHP MINERALS

ey

s atm

VAJO MINE

SUPPLEMENTAL GROUNTWATER STUDY
GROUNDWATER CUALITY DATA

04/30/96

BITSUI-2
03/02/35

8.00
8080
5050

0.93

0.79

-0.01
-0.01

3480.00
0.00
7.00

28.200
3.60
1.50

13940.00
7.00

1160.00

-0.20
84.87
89.90

2.88
85.07
89.97

2.80

-0.010
-0.005
2.690
~-0.0010
-0.0020
-0.010
-0.050
~0.00S
-0.020
-0.00100
~0.005
4.360
-0.010
-0.010

0.07
-0.02

EITSUI-2
04/27/95

8.00
8110
5020

0.51

1.78

0.15
-0.01

3460.00
0.00
48.00
N
6.60
2.70
2110.00
13.00
1220.00
-0.50
92.66
92.13
0.29
92.51
92.07
0.24

N
-0.00S
2.700
N
-0.0020
N
-0.050
-0.008
-0.020
N
-0.005
N
~0.010
0.010

0.11
-0.02

EITETI-2

05/15/95%

8.00
12290
5010

1.03

1.75

-0.01
0.05

3z20.00
0.00
28.00
65.500
B.60
3.00
2090.00
1.60
1220.00
N
91.63
$2.68
0.57
81.60
32.85
0.68

-0.100
-0.005
2.890
-0.0010
-0.0020
-0.010
-0.050
-0.008§
-0.020
-0.00100
-0.005
4.340
-0.010
0.030

Q.07
-0.02

11/C1/95 F

w
[}
®
~

BITSUI-2 BITsTI-2
10/18/¢3 cx1/82/5%
8.C2 7.8
7730 7382
4910 8232
0.83 Y
1.83 2.85
0.59 peias % |
-0.02 =2.28
3420.02 3822.22
0.00 £.092
17.00 4.5
N 31.C30
B.63 2.49
1.%0 2.535
1990.00 2252.09
7.00 s.¢
1170.00 1282.02
N =1
87.33 §2.383
89.44 §2.73
1.18 1.C5
B7.82 £2.03
89.45 3..82
1.09 0.%%
N -2.129
N -2.0C5
2.420 2.532
N -2.8050
-0.0020 -2.0020
N -2.210
-0.050 -2.050
-0.008 -5.025
-0.020 -3.020
N -3.£0100
-0.00S -0.028
N 4.339
N -3.020
N -9.010
-0.08 -0.05
-0.02 -3.02



BHP Minerals Navaje Mine 11/01/95 FPage 2

MAVAJO MINE
BHP MINERALS, NAVAJO MINE

SUPPLEMENTAL GROUNDWATER STUDY
GROUNDWATER QUALITY DATA

. Sample Range: Trom 03/01/95 Thrsugh 04/30/96
Station Name: BITSUI-3 BITSUI-3 BITSUI-3 BITSUI-3 3ITSTI-3
Sample Date: 03/02/95 04/27/9% 05/18/395 19/18/95 12/23/325
LABORATORY MEASUREMENTS
pH (s.U0.) 7.60 7.50 7.30 7.60 7.82
Conductivity {umho/ca) 13000 13100 14600 12400 12800
TDS (180 deg C) {mg/1) 7980 7740 7730 7790 8112
Boron (mgr1) 1.07 1.00 1.05 0.92 1.08.
Fluoride (mg/1) -0.01 0.%9 0.99 1.02 .27
Nutrients
Nitrate as N {mg/l) 1.00 4.10 -0.01 3..20 -2.08
Nitrite as N {mg/l) -0.01 -0.01 -0.01 -0.01 -3.08%
Major Ions
Bicarbonate as KO3 (mg/1) 3.12 3050.00 3070.00 3220.00 2923.03
Carbonate as CO3 (mg/1) 0.00 0.00 0.00 0.00 c.co
Sulfate (ma/1} 442.00 255.00 192.00 47%.00 533.CC
Sulfide {mg/1) 6.100 N 2.800 N -2.c10
Calcium {mg/1) 11.00 27.00 19.00 23.00 25.00
Magnesium (mg/1) 5.20 12.00 6.10 12.00 13.C0
Sodium {mg/1) 3200.00 3150.00 3130.00 33590.00 3233.¢Q0
Potassium (mg/1) 14.00 44.00 10.00 23.00 5.82
Chloride (mg/1) 2820.00 3160.00 3080.00 2760.00 2310.C0
Total Phosphorus (mg/1) -0.02 -0.50 N N N

. Major Cations (mea/1) 140.53 140.49 137.86 150.19 142.82
Major Anions {meg/1) 88.86 144.72 141.19 140.82 137.72
Charge Balance (percent) 22.582 1.48 1.19 3.33 1.82
Lab Determined Cations (meg/1) 140.53 140.52 137.71 150.16 142.%3%
Lab Determined Anions {meq/1) 139.99 144.57 141.36 140.75 137.73
Lab Determined Ion Balance (percent) 0.1% 1.42 1.31 3.23 1.8%
Trace Metals (Dissolved)
Aluminum (mg/1) -0.100 N -0.100 N -0.102
Arsenic (mg/1) -0.008 -0.005 -0.005 N -0.0C8
Barium {mg/1) -0.500 1.300 0.510 -0.500 0.350
Beryllium (mg/1) -0.0010 N -0.0010 N -0.0052
Cadmium (mg/1) 0.0040 -0.0020 ~0.0050 -0.0020 -0.0029
Copper {mg/1)} -0.010 N -0.010 N -0.012
Iron {mg/1) -0.050 -0.050 0.050 -0.050 -0.0%50
Lead (mg/1)} 0.012 0.033 -0.050 -0.005 -0.00S
Manganese (mg/1) -0.020 -0.020 -0.020 -0.020 -0.020
Mercury {mg/1) -0.00100 N ~0.00100 N -0.00100
Selenium (mg/1) -0.005 -0.005 -0.005 -0.005 -0.00S
Silica as Si (mg/1) N N 4.690 N 4.980
Silver (mg/1} -0.010 -0.010 -0.010 N -0.010
Zinc (mg/1) -0.010 0.010 0.100 N -0.010
Trace Metals (Total)
Total Iron {mg/1) 0.24 0.75 0.28 0.12 0.18
Total Manganese (mg/1) -0.02 -0.02 -0.02 -0.02 -0.02
Note: N => No measurement .



2HP Minerals Navajo Mine
NAVAJO MINE

BHP MINERALS,

11/01/96

NAVAJO MINZ

SUPPLEMENTAL GROUNDWATER STUDY
GROUNDWATER QUALITY DATA

Sample Range: From 03/01/95 Through G4/30/96

Station Name:
Sample Date:
LABORATORY MEASUREMENTS

oH {(5.U.)
Conduczivity (umno/cm)
TDS (180 cdeg Q) {mg/1)
Boron {mg/1}
Fluoride (mg/1)
Nutrients

Nitrate as N {mg/1)
Nitrite as N (mg/1)
Major Ions

Bicarbonate as HCO3J (mg/1)
Carbonace as CO3 (mg/1)
Sulfate (mg/1)
Sulfide {mg/1)
Calcium (mg/1)
Magnesium {mg/1)
Sodium {mg/1)
Potassium {mg/1)
Chloride (mg/1)
Total Fhosphorus (mg/1)
Major Cacions (meq/1)
Majoxr Anions (meq/1)
Charge Balance (pexcenc)
Lab Determined Cations {meq/1)
tab Determined Anions {meq/1)

Lab Determined Ion Ealance (percent)

Trace Metals (Dissolved)

Aluminum (mg/1})
Arsenic (mg/1)
Barium (mg/1)
Beryllium (mg/1)
Cadmium (mg/1)
Copper {mg/1}
Iron (mg/1})
Lead {mg/1}
Manganese (mg/l)
Mercury (mg/1)
Selenium {mg/1)
Silica as Si (mg/1)
Silver (mg/1)
Zinc (mg/1)}
Trace Metals (Total)

Total Iron {mg/1}
Total Manganese (mg/1)

Note: N => No measurement

BITSUI-4
61/26/96

6.90
5700
000

1.71
0.29

[

-
w

0.09
-0.01

1760.00
0.00
8640.00
-0.010
15.00
131.00
4650.00
538.00
634.00
N
227.55
226.62
0.20
228.00
227.00
0.19

-0.100
-0.005
0.030
-0.0050
-0.0020
-0.010
-0.050
-0.008
2.400
-0.00100
-0.005
-0.010
-0.010
0.030

4.67
2.41

BITSUI-4
02/12/96

7.10
14400
13100

1.49

0.32

1.20
-0.01

1510.00
0.00
6680.00
-0.010
287.00
125.00
3850.00
22.00
451.00
N
192.64
176.64
4.33
192.63
176.83
4.28

-0.100
~0.005
-0.500
-0.0010
-0.0020
-0.010
0.060
-0.005
3.180
-0.00100
-0.00S
4.270
-0.010
0.140

16.60
3.35

BITSUI-4
04/10/9§

7.10
16500
13800

1.54

0.33

1.17
0.058

15§50.00
-1.00
7860.00
-0.010
221.00
123.00
4280.00
19.20
651.00
-0.01
208.31
209.14
0.20
208.00
209.00
0.23

0.590
-0.005
0.020
-0.0010
-0.0020
-0.010
0.260
-0.005
2.660
-G.00100
-0.005
6.470
-0.010
0.020

4.21
2.52

Pa



BHP Minerals Navajo Mine 11/01/96 Pace

MAVAJO MINZ
EHP MINERALS, NAVAJO MINE

SUPPLEMENTAL GROUNDWATER STTTY
GROUNDWATER QUALITY DATA

Sample Range: From 03/01/95 Through 04/30/96

Station Name: BITSUI-S BITSUI-5
Sample Date: 02/13/96 04/11/96
LABORATCRY MEASUREMENTS

pH ($.U.) 7.40 7.50
Conductivity {umho/cm) 13000 14200

DS (180 deg C) {mg/l) 10300 10600
Boron (mg/1) 1.10 1.13
Fluoride (mg/1) 1.00 1.04
Nutrients

Nitrate as N (mg/1) 0.01 -0.0S
Nitrite as N (mg/1) -0.08 -0.0S
Major Ions

Bicartonaze as HCO3 (mg/1) 3170.00 3090.00
Carbonate as CO3 (mg/1) 0.00 -1.00
Sulfate (mg/1) 3550.00 4060.00
Sulfide (mg/1) -0.010 2.800
Calcium {mg/1) 72.00 §9.50
Magnesium {mg/1) 30.00 27.50
Sodium (mg/1) 3630.00 3830.00
Potassium (mg/1) 16.00 14.10
Chloride (mg/1) 1330.00 1210.00
Total Phosphorus (mg/1) N -0.02
Major Cations {meq/1} 164.37 172.19
Major Anions (meq/1} 163.37 169.30
Charge Balance (pexcent) 0.31 0.85
Lab Determined Cations (meq/1} 164.49 172.00
Lab Determined Anions {meq/1) 163.52 169.00
Lab Determined Ion Balance (percent) 0.17 0.84
Trace Mecals (Dissolved)

Aluminum {mg/1) -0.160 0.110
Arsenic (mg/1) -0.005 -0.005
Barium {mg/1) -0.500 -0.500
Beryllium (mg/1) -0.0010 -0.0050
Cadmium (mg/1) -0.0020 -0.0020
Copper {mg/1) -0.010 -0.010
Iron (mg/1) 0.480 0.310
Lead (mg/1) -0.00S -0.005
Manganese {mg/1) 0.410 0.170
Mercury (mg/1) -0.00100 -0.00100
Selenium (mg/1) -0.008 -0.005
Silica as Si (mg/1) 4.450 5.170
Silver (mg/1} -0.010 -0.010
Zinc ) (mg/1) 0.010 0.030
Trace Metals {Total)

Total Izon {(mg/1) 2.05 1.83
Total Manganese (mg/1) 0.41 0.17

Note: N => No measurement



BHP Minerals Navajo Mine 11/C1/9%5

NAVAJO MINE
BHP MINERALS, NAVAJO MINE

SUPPLEMENTAL GRCUNDWATEZR STUDY
GRGUNDWATER QUALITY DATA

Sample Range: From 03/01/95 Through 04/30/96

Station Name: BITSUI-6 BITSUI-§
Sample Date: 02/12/9% 04/11/96
LABORATORY MEASUREMENTS

pH (s.U.) 7.10 7.20
Conductivicy (umho/cm) 13300 15100

TDS (180 deg C) (mg/1} 13200 13300
Boron (mg/1) 1.57 1.47
Fluoride (mg/1) O;m 0.31
Nutrients

Nitrate as N (mag/1) 6.20 0.08
Nitrice as N (mg/1) -0.05 -0.08
Major Ions

Bicarbonate as HCO3 (mg/1) .440.00 1500.00
Carbonate as CO3 (mg/1) 0.00 -1.00
Sulfate {mg/1) 7690.00 7920.00
Sulfide (mg/1) -0.010 -0.010
Calecium (mg/1) 327.00 296.00
Magnesium (mg/1) 158.00 161.00
Sodium (mg/1) 3780.00 3940.00
Potassium (mg/1) 24.00 21.90
Chloride (mg/1) 392.00 356.00
Total Phosphorus (mg/1) N ~0.01
Major Cations (meq/1) 194.35 199.96
Major Anions {meq/1) 195.21 199.53
Charge Balance (percent) 0.22 0.12
Lab Determined Catiens {meq/1) 194.24 200.00
Lab Determined Anions (meg/1) 195.32 200.00
1Lab Determined Ion Balance (percent) 0.28 0.09
Trace Metals (Dissolved)

Aluminum (mg/1) -0.100 0.460
Arsenic (mg/1) -0.00S -0.00S
Barium (mg/1) -0.500 -0.500
Beryllium (mg/1) -0.0010 -0.0050
Cadmium (mg/1) -0.0020 0.0110
Copper {mg/1) -0.010 -0.010
Iron (mg/1) -0.050 0.190Q
Lead (mg/1) -0.008 -0.00%
Manganese (mg/1) 3.260 2.730
Mercury {mg/1)} -0.00100 -0.00100
Selenium {mg/1) -0.00% -0.00S
Silica as Si (mg/1) 4.280 5.790
Silver (mg/1) -0.010 -0.010
Zinc (mg/1) 0.050 0.020
Trace Metals (Total)

Total Iron (mg/1) 20.00 1.25
Total Manganese (mg/l) 3.55 2.54

Note: N => No measurement

L1
"
[ ]



EHP Minerals Navajo Mine 11/01/96 Page 7

NAVAJO MINE
BHP MINERALS, NAVAJO MINZ

SUPPLEMENTAL GROUNDWATER STUDY
GROUNDWATER QUALITY CAT.

Sample Range: From 03/01/95 Through 04/30/96

Station Name: KF83-1 KF83-1 KF33-1 KF33-1
Sample Date: 05/03/95 €6/14/95 06/21/35 07/14/33 05/25/35
LABORATORY MEASUREMENTS
pH {s.u.} 7.60 7.90 7.90 7.80 7.52
Conductivity {umho/cm) 11500 3690 19300 9350 €322
TDS (180 deg C) ' {mg/1) 6820 5750 5570 §3590 33
Boron (mg/1) 0.87 1.00 0.97 0.92 .03
Fluoride (mg/1) 0.83 1.44 1.54 1.57 1.2%
Nutrientcs
Nitrate as N (mg/1) 6.24 -0.01 18.20 -0.0% -2.%
Nitrite as N (mg/1) -0.01 -0.01 -0.01 ~0.01 -3t
Major lons
Bicarbonate as KCO3 {mg/1) 2970.00 31630.00 3746.00 3530.€0 3533.03
Carbonate as CO3 {mg/1} 0.00 0.00 ¢.00 0.c2 2.03
Sulfate {mg/1) 7.00 353.00 411.00 375.09 izz.eQ
sulfide (mg/1) N N N N N
Calcium (mg/1} 28.00 11.00 11.00 11.0C 11.6d
Magnesium {mg/1) 13.00 4.60 4.90 4.40 7.85
meAium {mg/1} 2760.00 2380.00 2370.00 2260.00 2432.00
: . 7.06 12 pn 8.20 ;.83
Chloraide (mg/1) 2700.00 12iG.vv 2170.00 - iz~tof
Total Phosphorus (mg/1) N N N N o
Major Cations (meq/1) 123.31 104.63 104.37 99.42 225.43
Major Anions (meq/1) 125.43 101.95 104.15 101.99 137.47
Charge Balance (percent) 0.85 1.30 0.11 3.28 .50
Lab Determined Cations (meq/1) 123.27 104.52 104.48 99.53 225.35
Lab Determined Anions {meq/1) 125.25 102.03 104.03 102.18 127.53
Lab Determined Ion Balance (percent) 0.80 1.20 0.22 - 1.30 °.84
Trace Metals (Dissolved)
Aluminum (mg/1) N N N N N
Arsenic {mg/1) N N N N N
Barium {mg/1)} 5.000 -6.500 1.700 0.580 -3.320
Beryllium (mg/1) N N N N 5N
Cadmium (mg/1}) -0.0040 -0.0020 -0.0020 -0.0020 -3.0020
Copper (mg/1} N N N N N
Iron (mg/1) ~-0.050 -0.080 -0.050 -0.050 -5.050
Lead (mg/1) -0.010 -0.00% -0.005 -0.005 -3.¢05
Manganese (mg/1) -0.020 -0.020 -0.020 -0.020 -2.020
Mercury {mg/1) N : N N N N
Selenium {mg/1) -0.005 -0.005 -0.005 -0.005 -3.0C8
Silica as Si {mg/1) N N N N N
Silver (mg/1) N N N N N
Zinc {mg/1) N N N N N
Trace Metals (Total)
Total Iron (mg/1} 1.06 0.07 -0.05 -0.05 -9.05
Total Manganese {mg/1) 0.03 -0.02 -0.02 -0.02 -0.02

Note: N => No measurement



APPENDIX D

ANALYTICAL DATA AND RESULTS

D-2 Piper Trilinear Plots

November 1996

BHP Minerals
Navajo Mine

Fruitland



Log of TCS. mg/1

Scale ci Diameter

piper Trilinear Diagram
Average Values 09/16/85 to 06/21/96

(1)
N

012

. BITSUI-1 6 SAMPLES 20
, BITSUI-2 6 SAMPLES
g BITSUI-3 5 SAMPLES
o KFB3-1 16 SAMPLES
80
o
80 Ca 20 20 cl

percentage of total meq per liter
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BHP Minerals Navajo Mine 11/01/96 Fage 1

NAVAJO MINE

BHP MINERAL, NAVAJO MINE
SUPPLEMENTAL GROUNDWATER STUDY
QUALITY STATISTICS FOR MONITORING WELLS

Station: BITSUI-1
Sample Range: From 03/01/95 Througa 04/30/96

std Coef Maximum  MinmiTus  Max Value Min Value # of

Mean Dev Var Range Value Value Foamd Found Samp
LABORATORY MEASURIMENTS
pH (s.9.) 8.80 0.07 1 0.20 8.90 8.7¢ 12/35/98 03/01/95 5
Conductivity {umho/cm) 19480 3591 18 8100 25900 17800 €3.’1§/35 03/01/%5 5
TDS (180 deg Q) {mg/1) 14300 224 2 500 14700 14200 c./22/96 03/01/9% £
Boron {mg/1) 8.10 0.85 10 2.22 9.20 6.93 €2/01/95 10/18/95 s
Fluoride (mg/1) 2.97 0.80 27 1.88 4.39 2.52 cw/c2/%8 103/18/95 5
Nutrients
Nitrate as N (mg/1) 1.21 0.90 74 2.49 2.40 c.0z ci/27/95 10/18/95 £
Nitricte as N (mg/1) 0.01 0.01 99 0.02 0.03 0.0z s./22/38 03/01/95 s
Total Phosphorus =g/1} 1.89 0.01 0 0.02 1.89 1.83 t3/31/85 04/27/35 2
Major Ions
Bicarbonate as HCO3 (mg/1)  1041.40 138.29 13 343.00 1180.00 837.00 $3/19/95 01/02/96 H
Carbonate as CO3 (mg/1) 86.00 17.89 21 48.00 108.00 60.02 12/13/$5 04/27/95 5
Chloride (mg/1)  1986.00 77.01 4 190.00 2070.00 1880.02 03/15/95 03/01/95 5
Sulfate {ng/1)  6380.00 156.88 2  420.00 7100.00 6333.00 23/39/95 04/27/95 5
sulfide {mg/1) 0.193 0.326 169 0.585 0.570 0.0C3  03/21/%5 05/18/95 3
Calcium {mg/1) £3.20 7.60 14 18.00 63.00 45.02 c./c2/96 05/19/35 £
Potassium {ma/1) 28.80 14.38 50 34.00 54.00 20.C0 c+/27/95 10/18/85 5
Magnesium (mg/1) 30.00 2.92 10 7.00 34.00 27.00 €+/27/95 10/18/95 s
Sodium (mg/1) 4936.00 87.92 2 210.00 5040.00 4830.00 cw/c2/95 05/19/95 5
Major Cations (meg/1) 220.56 4.29 2 10.19 225.51 215.32 eL/C2/96 05/19/95 5
Major Anions {meq/1) 219.29 5.47 2 14.72 228.47 213.73 €5/15/95 03/01/95 5
Charge Balance (percenc) 1.56 1.01 €5 2.76 2.96 0.2¢ 05/13/95 10/18/95 s
Lab Determined Cations (meq/1) 220.51 4.30 2 10.14 225.36 215.22 c1/02/98 05/19/95 s
Lab Determined Anions (meq/1) 219.50 S.49 2 14.77 228.70 213,93 0s/19/95 03/01/95 5
Lab Determined Ion Balance (percexnt) 1.56 1.01 [17 2.77 3.04 0.27 0s/18/55 10/18/93S H
Trace Metals {(Dissolved)
Aluminum {mg/1) 0.083 0.053 69 0.100 0.150 0.0s3 ©=/Cc2/96 03/01/95 3
Arsenic (mg/1) 0.037 0.005 13 0.010 0.040 0.032 ©3/91/95 04/27/35 4
Barium (mg/1) 0.161 0.122 76 0.225 0.250 0.025 €3/27/95 03/01/95 5
Beryllium (mg/1) 0.0012 0.0012 99 0.0020 0.6025 0.0035 Cx/22/96 03/01/95 3
Cadmium (mg/1) 0.0017 0.0010 s7 0.0020 6.0030 0.09319 C€3/01/95 04/27/95 5
Copper (rg/1) 0.005 0.000 0 0.000 0.00S 0.005 03/01/95 03/01/9% 3
Iron (mg/1) 0.025 0.000 0 0.000 0.025 0.025 03/01/35 03/01/35 5
Lead (mg/1) 0.009 0.009 100 0.023 0.025 0.003 05/19/95 10/18/95 S
Manganese {mg/1) 0.097 0.011 11 0.030 0.110 0.080 03/01/95 10/18/95 1
Mercury (mg/1) 6.00050  0.00000 o 0.00000 0.000S0 0.00050 03/01/95 031/01/95 3
Silica as Si {mg/1) 6.860 0.173 3 0.310 6€.970 6.650 0:/02/958 05/19/9S 3
Selenium {mg/1) 0.010 0.004 s 0.009 0.016 0.007 19/18/95 04/27/95 s
Silver {mg/1) 0.005S 0.000 [} 0.000 0.005 0.005 G3/01/95 03/01/95 4
Zine tmg/1) 0.016 0.023 138 0.045 0.050 0.005 03/01/95 04/27/95 4
Trace Metals (Total)
Total Xron {mg/1) 0.95 0.36 a8 0.88 1.50 0.62 03/01/95 10/18/95 5
Total Manganese {mg/1) 0.11 0.03 24 0.07 0.14 0.07 03/01/9S 10/18/95 -

Below detection limit values included at 0.5 times detection limit.



BHP Minerals Navajo Mine
NAVAJO MINE
EEP MINERAL, NAVAJO MINZ
SUPPLEMENTAL GROUNDWATZR STLDY
CUALITY STATISTICS FOR MONITORING WELLS

Stacion: BITSUI-2
Sample Range: From 03/01/95 Througn 04/30/9%

std Coef Maximum  Mizismum  Max Value
Mean Dev var Rance Value Value found

LABORATORY MEASURZMENTS
gH (s.U.} 7.98 0.04 1 .10 8.00 7.22 £3/22733
Conductcivity {umho/cm) 8722 1902 22 4519 12100 7530
TDS (180 deg C) (mer /3 U Sa 1 140 5080 43522
Boron A (rg/1) 0.94 Q.08 b 0.20 1.03 .53 gs/13/32
Fluori-~ (mg/1) 1.73 0.65 38 O 2.88 c.73  oi/i2/%t
Nutrients
Nitrate as N (mg/1) 0.24 0.25 109 ¢.53 0.53 .22 cLl2/38
Nitrite as N (mg/1) 0.02 0.02 110 0.35 g.035 ¢.2% £zf13/35
Total Phosphorus (mg/1) 0.18 0.11 61 0.13 0.25 0.12 427/55
Major Ions
Bicarbonate as HTO3 (mg/1) 3498.00 72.28 2 150.00 3610.00 3422.C0 o0L/22/35
Carbonate as CO3 {mg/1) 0.00 0.00 .00 0.00 0.08 cx/o2/58
Chloride (mg/1) 11384.00 33.62 3 70.00 1220.00 11508.09 €:/27/53
Sulfate : (mg/1) 20.%0 17.76 85 43.59 48.00 4.83 c3/25/35
Sulfide (mg/1) 42.567 20.071 47 37.300 635.500 23.220 £3/13/58
Calcium (mg/1) 6.76 2.06 3o 5.00 8.60 3.€2 L2/lE/35
Potassium {mg/1) 6.74 4.14 é1 11,40 13.00 1.63 £4/27/35
Magnesium (mg/1) 2.33 0.62 26 1.580 3.00 1.82 £z/235/55
Sodium (mg/1) 2036.00 70.57 3 170.00 2110.00 1259.00 c3/27/25
Major Cations {meq/1) 89.26 3.18 4 7.79 92.66 83.87 €3/27/53
Major Anions (meq/1} 91.18 1.42 2 3.24 92.68 85.43 C3/23/%85
Charge Balance {percent) 1.20 1.01 84 2.53 2.88 0.29 03/22/35
1ab Determined Cations {megq/1) 89.34 3.08 3 7.43% 92.51 85.07 C+/27/55
Lab Determined Anions (meq/1) 91.23 1.45 2 3.40 92.85 89.42 es/z28/323
Lab Determined Ion Balance (percent} 1.16 0.97 84 2.55 2.80 0.24 03/22/33
Trace Metals (Dissolved)
Aluminum (mg/1) 0.035 0.026 74 0.045 0.050 0.003 €z/22/55
Arsenic (mg/1) Q.003 o.000 [+] 0.600 0.9%03 0.022 c2/22/55
Barium {mg/1} 2.732 0.210 8 0.540 2.960 2.429 61/22/85
Beryllium (mg/1) 0.0012 0.0012 s9 0.0020 0.002S 0.0605 C1/%2/35
Cadmium (mg/1} 0.0010 0.0000 4] 0.0000 0.0010 £0.0019 ©3/-3/%3
Copper (mg/1) 0.00S 0.000 0 0.000 0.005 0.0C5 t3/22/33
Iron (mg/1) 0.025 0.000 [+} 0.000 0.025 0.025 €3/32/35
Lead {mg/1) 0.003 0.000 0 0.000 0.003 0.003 ca/s2/s2
Manganese (mg/1} 0.010 0.000 (4] 0.000 0.010 0.010 03/92/55
Mercury (mg/1) 0.00050 0.00000 (v} 0.00000 0.000S0 0.00050 ©3/82/55
Silica as Si (mg/1) 4.360 0.020 0 0.040 4.380 4.340 eL/c2/83
Selenium {mg/1) 0.003 0.000 0 0.000 0.003 0.003 03/82/53
Silver (mg/1) 0.005 0.000 [} 0.000 0.005 0.005 €3/32/55
2inc (mg/1) 0.013 0.012 s 0.025 0.030 0.005 0£/29/55
Trace Metals (Total)
Total Iron {mg/1) 0.06 0.04 60 0.08 0.11 0.03 03/27/35
Total Manganese {mg/1) 0.0 0.00 0 0.00 0.01 ) ¢.01 03/82/85

Below detection limit values included at 0.5 times detection limit. »
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BHP Minerals Navajo Mine
NAVAJO MINE

Station: BITSUI-3

BHP MINERAL,

NAVAJO MINZ

SUPPLEMENTAL GROUNDWATER STUDY
QUALITY STATISTICS FOR MONITCRING WELLS

sample Range: From 03/01/95 Through 04/30/96

LASORATORY MEASURIMENTS
pH

Conductivity

TDS (180 deg C)
Boron

Fluoride

Nutrients

Nitrate as N
Nitrite as N

Total Phosphorus
Major Ions
Bicarbonate as KECO3
Carbonate as C0O3
Chloride

Sulfate

Sulfide

Calcium

Potassium
Magnesium

Sodium

Major Cations
Major Anions
Charge Balance

Lab Determined Cations

Lab Determined Anions

Lab Determined Ion Balance

Trace Metals (Dissolved)
Aluminum

Arsenic

Barium

Beryllium

Cadmium

Copper

Iron

Lead

Manganese

Mercury

gilica as Si
Selenium

Silver

Zinc

Trace Metals (Total)
Total Ixon

Total Manganese

Below detection limit values included at 0.5 times detection limit.

(s.U.)
(umho/cm)
(mg/1)
(mg/1)
(mg/1)

(mg/1)
(mg/1)
(mg/1)

(mg/1)
(mg/1)
(mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
{meq/1)
{meq/1)
{percent)
(meq/1}
(meq/1}

{percent)

(mg/1)
{mg/1)
{mg/1)
(mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1}
{mg/1)
{mg/1)
{mg/1)
(mg/1}
(mg/1)

(mg/1)
(mg/1)

Mean

7.52
13140
7876

1.02

0.86

1.27
.01
0.13

2452.62
0.00
2926.00
373.80
2.968
21.00
20.16
5.06
3220.00
142.38
130.60
6.07
142.37
140.89
1.60

0.050
0.003
0.534
0.0012
0.0019
0.005
0.030
0.015
0.010
0.00080
4.825
0.003
0.005
0.030

0.3
0.01

0.13
865
179

0.07

0.43

1.63
0.C1
.17

1373.44%
0.00
180.78
141.02
3.051
6.32
14.36
3.23
102.96
4.71
23.47
§.23
4.73
2.46

1.10

0.000
0.000
0.441
0.0012
0.0013
0.000
0.011
0.014
0.000

0.00000

0.191
0.000
0.000
0.047

0.25
0.00

N N 9N

57

132
99
131

56

[
£l
103
30
71
36
3

3
18
152

(3]

83
99
71

21

o 0o O » O O

80

0.30
2200 1

410

0.15
1.27

4.10
0.02

3215.83
0.00
400.00
317.00
6.095
16.00
34.20
6.80
260.00
12.33
53.88
21.33
12.45
6.79
3.04

0.000
0.000
1.050
0.0020
0.0030
0.000
0.025
0.031
0.000
0.00000
0.270
0.000
0.000
0.095

0.63
0.00

Maximum  Mizizun
Valua Value
7.83 7.33
4600 12400
8140 7735
1.08 0.22
1.27 .oz
4.10 e.c:
0.03 .22
0.25 .02
2220.09 3.12
0.00 0.63
3160.00 2760.00
508.00 192.00
6.100 g.0C=
27.00 11.00
44.00 5.50
12.00 s.29
33%0.00 3130.00
150.19 137.8§
134.72 83.85
22.52 1.19
150.16 137.71
144.57 137.78
3.23 0.15
0.052 0.0582
0.903 0.003
1.300 0.259
0.0025 0.0285
0.0040 0.0010
0.005 0.005
0.050 0.023
0.033 0.003
0.010 0.010
0.00050 0.000320
4.960 4.620
0.003 0.003
0.005S 0.00S
0.100 0.005
0.75 0.12
0.01 0.01
»

Mzx Value

€4/27/85
03/32/353

03/32/35

©3/32/%5
©1/22/55
06s/23/55

€4/27/%5
03/52/55
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BHP Minerals Navajo Mine
NAVAJQO MINE

Sctation: BITSUI-4

Sample Range: From 03/01/95 Through 04/30/96

LABORATORY MEASUREMENTS
pH

Conductivity

TDS (180 deg C)

Boron

Fluoride

Nutrients

Nitrate as N

Nitrite as N

Total Phosphorus
Major Ions
Bicarbonate as HCO3
Carbonate as CO3
Chloride

Sulfate

Sulfide

Calcium

Potassium

Magnesium

Sodium

Major Cations

Major Anions

Charge Balance

Lab Determined Cations
Lab Determined Anions
Lab Determined Ion Balance
Trace Metals (Dissolved)
Aluminum

Arsenic

Barium

Beryllium

Cadmium

Copper

Iron

Lead

Manganese

Mercury

silica as si
Selenium

Silver

Zinec

Trace Metals (Total)
Total Iron

Total Manganese

Below detection limit values included at 0.5 times detection limit.

(§.U.)
{umho/cm)
{mg/1)
{mg/1)
(mg/1)

(mg/1)
(mg/1)
(mg/1)

{mg/1)
(mg/1)
(mg/1)
{mg/1}
(mg/1)
(mg/1)
{mg/1)
{mg/1}
{mg/1)
(meq/1)
(meq/1)
(percent)
(meq/1)
(meq/1)
{percent)

{mg/1)
(mg/1)
(mg/1}
(mg/1)
(mg/1)}
(mg/1)
(mg/1)
{mg/1}
{mg/1)
img/1)
(mg/1)
{mg/1)
(mg/1)
(mg/1)

(mg/1)
(mg/1)

Mean

7.03
15867
13967

1.58

0.32

0.82
0.02
Q.01

1640.00
0.17
578.67
7726.67
0.00S
177.67
193.07
126.33
4260.00
209.50
204.13
1.58
209.54
204.28
1.57

0.230
0.003
0.100
0.0012
0.0010
0.00S
0.115
0.003
2.747
0.00050
3.582
0.003
0.00s
0.063

8.49
2.76

BHP MINERAL, NAVAJO MINE
SUPPLEMENTAL GROUNDWATER STUDY
QUALITY STATISTICS FOR MONITORING WELLS

std

Dev

0.12
1274

0.12
0.02

0.63
0.03

125.30
0.29
110.89
986.78
0.000
143.63
298.72
4.16
400.37
17.49
25.36
2.38
17.74
25.42
2.35

0.312
0.000
0.130
0.0012
0.0000
0.000
0.127
0.000
0.397
0.00000
3.287
0.000
0.000
0.067

7.02
0.51

Coef

Var

- g N

77
130

173

12
151

[°]

92

108

83
19

Rance

0.20
2300 1
1900 b3

0.22

0.04

1.1
0.05
0.00

250.00
0.50
200.00
1950.00
0.000
272.00
518.80
8.00
820.00
34.91
49.98
4.13
35.37
50.17
4.09

0.540
0.000
0.230
0.0020
0.0000
0.000
0.235
0.000
0.780
0.00000
6.465
0.000
0.000
0.120

12.39
0.94

Maximum ~ Minimuan

Value Value
7.10 6.59
§700 14400
5000 13100
1.7 1.42
0.33 0.2%
1.20 0.0¢%
0.05 0.0
0.01 Q.01
1760.00 1520.00
0.50 0.02
651.00 451.00
8640.00 6630.00
0.005 0.0cC=2
287.00 15.00
538.00 19.22
131.00 123.00
4650.00 3350.00
227.55 192.64
226.62 176.63
4.33 0.23
228.00 192.63
227.00 176.83
4.28 0.19
0.5%0 0.083
0.003 0.c03
0.250 0.023
0.002S 0.09235
0.0010 0.0G20
0.008 0.005
0.260 0.025
0.003 0.003
3.180 2.400
0.00050 0.00050
6.470 0.0CS
0.003 0.003
0.00S 0.00S
0.140 0.020
16.60 4.21
3.35 2.41
»

vzx Value

62/25/95
035/13/35
04/10/96
01/25/9%
€=/25/96
t2/22/55
c2/25/36
c=/28/56
c1/25/96
c1/25/986
c1/25/26
02/12/55
2:/25/96
01/25/96
c2/12/96

04/20/96
0:/25/9%
02/12/96
0./25/96
c1/25/96
ci/25/96
04/10/96
0:/25/96
02/12/96
01/25/96
04/10/96
01/25/96
01/25/96
02/12/96

02/12/96
02/12/96

11/01/96 Page -

Min value # of

Found

01/26/96
02/12/98
02/12/9%
02/12/96
C1/28/96

01/25/96
01/26/95
04/10/56

02/12/96
01/26/%6
02/12/96
02/12/96
01/26/%6
01/26/96
04/10/96
04/10/96
02/12/%6
02/12/96
02/12/96
01/26/96
02/12/96
02/12/9§
01/26/96

01/26/56
01/26/96
04/10/96
02/12/96
01/26/96
01/26/96
01/26/96
01/26/96
01/26/96
01/26/96
01/26/96
01/26/96
01/26/96
03/10/96

04/10/96
01/26/96
[

Sanmp

1w

w

w W W

W

=

W W W

W

W W W W W W W W W W W

W OW W W W W W W W W W W W

w



BHP Minerals Navajo Mine
NAVAJO MINE

2HP MINERAL, NAVAJO MINE
SUPPLEMENTAL GROUNDWATER STUDY
QUALITY STATISTICS FOR MONITORING WELLS

station: BITSUI-5
Sample Range: From 03/01/95 Through 04/30/96

scd Ccef
Mean Dev Var

LABORATORY MEASUREMENTS
pH (s.u.) 7.45 0.07 1
Conductivity {umho/cm) 13600 849 [
TDS (180 deg C) {mg/1l) 10450 222 2
Boron {mg/1) 1.12 0.02 2
Fluoride {mg/1) 1.02 0.03 3
Nutrients
Nitrate as N {mg/1) 0.02 0.01 61
Nitrite as N (mg/1) .03 0.00 0
Total Phosphorus {mg/1) 0.01
Major Ions
Bicarbonate as KCO3 (mg/1) 3130.00 £§.57 2
Carbonate as €03 (mg/1) 0.25 0.35 141
Chloride (mg/1) 1270.00 84 .85 7
Sulfate (mg/1) 3805.00 360.62 9
Sulfide (mg/1) 1.403 1.976 141
Calecium (mg/1) 65.75 8.84 13
Potassium {mg/1} 15.05 1.34 9
Magnesium (mg/1) 28.75 1.77 6
Sodium (mg/1) 3730.00 141.42 4
Major Cations {meq/1) 168.28 5.53 3
Major Anions (meq/1) 166.34 4.19 3
Charge Balance {(pezcent) 0.58 0.38 66
Lab Determined Cations (meq/1) 168.25 5.31 3
Lad Determined Anions (meg/1) 166.46 3.59 2
Lab Determined Ion Balance {zexcent) g.51 0.47 94
Trace Metals {Dissolved)
Aluminum (mg/1) 0.080 0.042 53
Arsenic {mg/1} 0.003 0.000
Barium (mg/1) 0.250 0.000 [
Beryllium {mg/1) 0.0015 0.0014 94
Cadmium {mg/1} 0.0010 0.0000 ]
Coppexr (mg/1) 0.005 0.000 0
Iron (mg/1) 0.395 0.120 30
Lead (mg/1) 0.003 0.000 0
Manganese {mg/1) 0.290 0.170 59
Mercury (mg/1) 0.00050 0.00000 0
Silica as Si {mg/1) 4.810 0.509 11
Selenium (mg/1} 0.003 0.000 0
Silver (mg/1) 0.005 0.000 ]
Zinc (mg/1) 0.020 0.014 n
Trace Metals (Total)
Total Iron {mg/1) 1.94 0.16 8
Total Manganese (mg/1) 0.29 0.17 59

Below detection limit values included ac 0.5 times detection limit.

Range

0.10
1200
300

0.03

0.04

0.02
0.00
0.00

80.00
0.50
120.00
§10.00
2.795
12.50
1.90
2.50
200.00
7.82
5.93
0.54
7.51
5.08
0.67

0.060
0.000
0.000
0.0020
0.0000
0.000
0.170
0.000
0.240
0.0000
0.72¢0
0.000
0,000
0.020

0.22
0.24

Maximum

Value

7.50
14200 1
10600 1

1.13

1.04

0.03
0.03
0.01

3170.00
0.50
1330.00
4060.00
2.800
72.00
15.00
30.00
3330.00
172.19
169.30
0.85
172.00
169.00
0.84

0.110
0.003
0.250
0.002S
0.0010
0.008
0.480
0.003
0.410
[¢] 0.00050
5.170
0.003
0.005
¢.030

2.05
0.41

Minimun

Value

7.4
3000
0300

1.19

1.00

0.c2
0.03
0.0

3090.00
0.09
1220.C0
3550.00
0.00%
§9.50
14.10
27.50
35630.00
164.37
163.37
0.31
154.49
163,92
c.17

0.053
0.003
0.250
0.000S
0.0020
0.008
0.310
0.003
0.170
0.00050
4.450
0.003
0.00S
0.010

1.83
Q.17

s4/11/58
c3/21/96
c3/21/96
c3/:1/95

ci/il/88

S4/:1/38
g2/13/%8

i-

S4/11/98

€2/13/98
23/11/95
ta/11/96
c2/:1/2%6
t2/13/96
€2/:3/96
c4/11/36
cs/11/96
¢3/11/96
c:/31/986
£3/21/96
25/2:/96
c4/21/96

c4/12/96
€2/13/95
€2/131/95
c3/:1/96
02/13/96
02/:3/96
02/13/96
¢2/13/96
€2/13/96
02/13/96
04/11/96
€2/13/96
62/13/96
04/11/96

02/13/%6
02/13/96
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Found
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04/11/96
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04/11/96
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04/11/96
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02/13/96
02/13/96
02/13/96
02/13/986
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02/13/96
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BHP Minerals Navajo Mine
MAVAJO MINE
EEP MINERAL, NAVAJO MINE
SUPPLIMENTAL GROUNDWATEZR STUDY
UALITY STATISTICS FOR MONITCRING WELLS

station: BITSUI-6
Sample Range: From 03/01/95 Through 04/30/%§

s=d Coef Maximum vix Vzlue Min Value # cf

Mean Cev Var Range value Value Found Found Samz
LABORATORY MEASURIMENTS
pH {$.U.) 7.15 0.07 1 0.10 7.22 T.i3 cs/12/35 02/12/96 2
Conductivity (umho/cn) 14700 558 4 800 15100 143808 c3/i2/55 02/12/95 =
TDS (180 deg C) {mg/l} 13250 71 1 100 13300 13202 c:/12/35 02/12/58 z
Boron {(ma/1} 1.82 0.07 s 0.10 1.57 1.a7 cz2/12/%85 04/11/96 Z
Fluoride (mg/1) 0.31 0.01 2 0.01 0.31 3.32 02/12/3%5 =3
Nutriencs'
Nitrace as N {mg/1) 3.14 4.33 138 6.12 6.20 .22 22/22/35 04/11/%%8 2
Nitrize as N (ma/1) 0.03 0.00 [+] 0.00 0.03 .23 cz/iz/35  02/12/95 2
Total Phosphorus {mg/1) 0.01 6.00 0.0 c.coo £4/32/585 0s4/11/96 E
Major Ions
Bicarbonate as HCO3 (mg/1) 1470.00 42.43 3 6§0.00 1500.00 1443.¢° cs/22/35 02/12/95 2
Carbonate as €03 (mg/1) 0.25 0.35 141 0.30 .59 0.c2 ca/n/38 02/12/9% 2
Chloride (mg/1) 374.00 25.46 7 35.00 392.00 3s5.C2 23/22/¢5 04/11/96 2
Sulfate (mg/1) 7305.00 152.63 2 230.00 7929.00 7630.CT cs/22/358 02/12/96 s
Sulfide {mg/1) 0.005 0.000 0 ¢.000 0.00S g.¢c:s 2222/58 02/12/9%5% z
Calcium {(mg/1) 311.50 21.92 7 31.00 327.00 295.0° £2/22/55 ©4/11/98 z
Potassium (mg/1) 22.95 1.48 6 2.10 24.00 21.53 cz/22/35 04/11/96 2
Magnesium (mg/1) 159.50 2.12 1 3.00 1631.C0 153.¢C cs/22/35 02/12/9%% 2
Sodium (mg/1) 3360.00 113.14 3 15§0.00 3940.00 3780.03 cs/31/55 02/12/96 2
Major Cations (meq/1} 137.16 3.97 2 5.51 199.9% 184.33 ci/21/26 02/12/96 2
Major Anions (meq/1} 157.37 3.05 2 4.32 199.53 135.22 ts/21/56 02/12/96 z
Charge Balance (percent) 0.17 0.08 47 0.11 0.22 0.1% cz/22/936 04/11/96 2
tab Determined Cations (meg/1) 197.12 4.07 2 5.78 200.00 124.2+ c3/11/58 02/12/%96 2
Lab Determined Aniaons (meq/1) 197.66 3.31 2 4.68 200.00 15.32 cs/22/56 02/12/96 p;
Lab Determined Ion Balance (percenc) 0.19 0.13 73 0.19 0.23 0.0% ¢2/22/35 04/11/9% z
Trace Metals {Dissolved)
Aluminum (ma/1} J2.285 0.220 114 0.410 0.450 0.¢32 cs/22/55 02/12/98 2
Arsenic . (mg/1) 0.003 0.000 0 ©.000 0.003 0.C33 22/:2/%5 02/12/9%8 2
Rarium {mg/1) 0.250 0.000 [¢] 0.000 0.250 0.282 c2/22/95 ©02/12/98 2
Beryllium (mg/1) 0.0015 0.0014 94 0.0020 0.0025 ¢.0CCs  Ca/ii/36 02/12/95 2
Cadmium (mg/1) 0.0060 0.0072 118 0.0100 0.0110 0.05:3 Cs/:1/95 02/12/9%6 z
Copper (mg/1) 0.005 ©.000 0 0.000 0.005 0.0C3 0z/:2/96 02/12/96 2
Iron (mg/1) 0.108 0.117 109 0.165 0.190 0.023 cs/11/96 02/12/9% 2
Lead (mg/1} 0.003 0.000 0 0.000 0.003 0.0C3 ©2/12/96 02/12/96 2
Manganese (mg/1) 2.995 0.375 13 0.530 3.260 2.732 02/22/96 04/11/96 2
Mercury (mg/1) 0.00050 0.00000 0 0.00000 0.000S50 0.00CE9 €2/12/96 02/12/96 2
silica as Si (mg/1) £.035 1.068 21 1.510 5.7%0 4.259 03/11/96 02/12/9%6 2
Selenium (mg/1) 0.003 0.000 [+] 0.000 0.003 0.0C3 6z/12/96 02/12/96 2
Silver {mg/1) 0.00S 0.000 [+] 0.000 0.005 0.003 c2/12/55 02/12/96 2
Zinc (mg/1) 0.035 0.021 61 0.030 0.050 0.023 ©2/3i2/96 04/11/96 2
Trace Metals (Total)
Total Iron {mg/1) 10.63 13.26 125 18.75 20.00 1.23 ©2/12/96 04/11/96 2
Total Manganese (mg/1) 3.08 0.72 23 1.01 3.55 2.54 02/12/96 04/11/96 2

Below detection limit values included at 0.5 times detection limic.



2HP Minerals Navajo Mine 11/01/96 Page ’
NAVAJO MINE
BHP MINERAL, NAVAJQ MINE
SUPPLEMENTAL GROUNDWATER STUDY
QUALITY STATISTICS FOR MCNITCRING WELLS

tation: KF83-1
Sample Range: From 03/01/95 Through 04/30/96

std Coef Maximum Minimum Mix Value Min value # of

Mean Cev var Range Value vValuse Frund Found sarg
LABORATORY MEASUREMENTS
pd 5.U.) 7.80 0.12 2 0.30 7.90 7.83 sz/13/55 05/03/95 z
Conductivity {umho/cm) 10128 847 8 2200 11500 5320 25/23/33 09/26/95 E
TDS (180 deg C) {mg/1) 5984 473 8 1153 €820 5670 :5/21/33 06/21/95 £
Boron {mg/1) 0.95 0.06 6 0.13 i.00 0.87 c£/24/35 GS/03/95 £
Fluoride {mg/1) 1.33 0.30 23 0.74 1.57 ¢.83 t7/.1/35 05/03/9%5 E
Nutrients
Nitrate as N (mg/1) 4.89 7.91 162 18.20 18.20 0.5z 25/21/55 06/14/35 H
Nitrite as N (mg/1) 0.01 0.00 0 0.00 0.01 0.c2 22/23/35 C€5/03/95 H
Total Phosphozus (mg/1) 0
Major Ions
Bicarbonate as ECO3 {mg/1)  3512.00 312.92 9 770.00 3740.00 2370.C0 2£/2:/55 05/03/95 s
Carbonate as CO3 {mg/1} 0.00 0.00 0.00 0.00 0.09 25/53/35 05/03/95
Chloride (mg/1)  1562.00 649.36 42 1530.00 2700.C0 1170.03 £3/93/25 0§/21/55 s
Sulfate {mg/1) 299.40 165.23 55  404.00 411.00 7.09 ¢s/21/35 05/03/95 <
Sulfide {mg/1) 0
Calcium {mg/1) 15.12 7.37 49 17.00 28.00 12,23 ¢2/93/55 ©6/14/35 5
Potassium (mg/1)} 13.80 9.88 72 24.00 31.00 7.09 22/23/95 08/14/35 s
Magnesium {mg/1) 6.79 3.63 53 8.60 13.00 4.43 ©2/03/55 07/24/95 H
Sodium (mg/l)  2450.00 190.00 8 S00.00 2760.00 2353.C3 £2/93/35 07/14/95 3
Major Cations (meg/1) 108.23 9.14 8 23.89 123.31 $9.42 cz/03/55 07/14/9% 3
Major Anions (meq/1) 108.20 9.89 9 23.48 125.43 101.83 ¢z/03/55 06/14/95 s
Charge Balance {percent) 0.89 0.48 54 1.19 1.30 0.1: cs/14/95 06/21/95 5
Lab Determined Cations (meg/1) 108.23 9.10 8 23.74 123.27 93.63 £3/03/95 07/14/95 H
Lab Determined Anions {meq/1) 108.20 9.79 9 23.22 125.25 122.02 £5/53/95 08/14/95 S
Lab Determined Icn Balance (percent) 0.87 0.42 49 1.08 1.30 c.22 c7/24/55 06/21/95 H
Trace Metals (Dissolved)
Aluminum (mg/1) [}
Arsenic (mg/1) 0
Barium (mg/1) 1.556 2.015 130 4.750 5.000 0.253 C2/03/95 06/14/95 S
Beryllium (mg/1) 0
Cadmium (mg/1) 0.0012 0.0004 37 0.0010 0.0020 0.0012 CZ/03/55 06/14/95 H
Copper (mg/1} 0
Iron (mg/1) 0.025 0.000 0 0.000 0.025 0.035 ©3/03/95 05/03/95 S
Lead (mg/1} 0.003 0.001 37 0.003 0.00S 0.09) ©3/03/%S 06/14/95 5
Manganese (mg/1) 0.010 0.000 0 0.000 0.010 0.0:0 05/03/95 05/03/95 s
Mercury {(mg/1) : 0
Silica as Si (mg/1) 0
Selenium (mg/1) 0.003 0.000 0 0.000 0.003 0.003 €5/03/$5 05/03/95 s
Silver (mg/1) 0
Zinc {mg/1) ]
Trace Metals (Total)
Total Iren (mg/1) ' 0.24 0.46 190 1.04 1.06 0.03 05/03/95 0&/21/95 )
Total Manganese (mg/1) 0.01 0.01 64 0.02 0.03 0.01 05/03/9S OG{I&ISS 5

Below detection limit values included at 0.5 times detection limic.
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cr-mountoin Laboratories, Inc.

I—

e —

e et
1508 W. Mawmn Steeet

Farmingion, New Mencad arson

i BHP Minerals

’r..: Navajo Mine

sample 1D: Bitsui-1 Date Reported: 03/17/95
_aboratory 1D: W02720 Date Sampled: 3101485
Sample Matrix: Water Time Sampled: 1000
Condition: Cool/lntact Date Received: 03/01/85

L
Lab Conductivity @ 25° Cooenemeessmsserssesees 17,800 umhaos/cm
Total Dissolved Solids @ 180°Cuocuumneinsess 14,200 mg/L
Total Dissolved Solids (Cale)cumensremmmsseenee 14,300 mgil.
Total Alkalinity as for: 1@ [ SRR R 972 mg/L
Total Hardness as foT=| 010 < NIRRT 230 mg/L
Ortho PhOSPhALE....cuueusssessmmeersr et 12.3 mall.
P 0.57 ma/L
Hvdrogen SUMIA@. ceranesemrsermmasssmsssssesss ™ 0.01 mal/L
ljcarbonate as T ot 0 X ISRy 1,020 mg/L 18.72 mea/L
Carbonate as ol @ x IERIRUENER UL 82 mg/L 2.72 meg/L
.Hydroxide PTe) ; IR 0 ma/L 0.C0 meq/L
FIUOMIGE. covsansrmamsessermssssersssas st o0t 2.60 mag/L 0.1+ mea/L
CRIOAGE. ceceaeremmassesmssessmssesssr st 1,880 mao/l 53.10 meaq/L
SUIBLE. ovvscaremssmersasssmmssen s e 6,780 mag/L 141.2¢ meaq/L
Nitrate s NItrogen....rrereemsersss it 1.4 ma/L 0.10 meg/L
Nitrite 8s NIFOGEN. coveressemmsersrsesens 0277 <0.01 ma/L <0.C1 mea/L
Calcmrn 486 ma/l 2.28 mea/L
Magnesmm 28 mall 2.32 meg/L
PYRTPRSIT, NSRS 27 ma/L 0.70 mea/L
PPTIT L DRRE 4,980 ma/L 215.20 meall
T 221.€0 meqg/L
g 213.63 megilL
Cation/Anion R— 1.81 %

Reference: US.EPA 600/4-79-020, "Methods for Chemical Analysis of Water and Was'es™, 1 o83.
»Standard Methads For The Examination Of \Water And Waste Wwater”, 17th ed., 1989.

. Comments:
Reported by___“ IM o Reviewed by_\ gu




ater-Mountain Laboratorles, Inc.

2506 W. Main Street
Farmington, New Mexco 87401

“"ant BHP Minerals
ject: Navajo Mine Date Reported: 03/17/¢5
mple 1D: Bitsui-1 Date Sampled: Q3/01/85
Laboratory 1D: W02720 Time Sampled: 1000
Sample Matrix: Water Date Received: 03/01/85
Condition: Coolitntact

AlUMINUML . ceenrrrmsass onrnsnassamenes <0.1 ma/L
ATSEMIC.ccreeeecnsrsranmes =sisenssasanes 0.04 mg/L
BaUM..ccecissmmmeeeerssmsemsamnanasaasas <0.5 ma/L
Beryliium.... . - <0.001 mg/L
BOMOM...ceoeerasesmmrenssmnssnssarssraass 9.20 ma/L
CadMiUM..cueeciiersnsrensassmsassnasanes 0.003 mg/L
OMUML carmreensmessmnssaransnnsasees NA ma/L <0.02 ma/L
,Jalt ...................................... <0.05 ma/L
OppEr..... <0.01 ma/L
[FOM. nereemrerrrasssssannmssnseasansennssses <0.05 ma/L 1.15 ma/L
Lead......cc..s & 0.006 ma/L
MENGANESE..comaerrsriammressammsanass 0.11 ma/L 0.14 mg/L
MEICUIY..cocenmeneranssesmsnrssesssmsssses <0.001 ma/L
PHOSPROMUS. ..ceiameenmamenncnensees ) NA mg/L 1.89 ma/L
SElENIUM..cceacenrnraseerssssnansennas 0.009 mg/L
SIHCE. 1umeeereeerenesrasarmsrsmssnsmeanane 6.95 mg/L
SHIVEI...cceeeeermmmsrsassamsnssnmmsensass <0.01 mg/L
ZiNCsierrenrssnensmsasasmasensmsansassanss 0.05 mg/L
Reference:  US.E.PA. 600/4-78-020, “Methods for Chemical Analysis of Water and Wastes", 1283.
*Standard Methods For The Examination Of Water And Waste Water", 17th ed.. 1889.
Comments: .

Reported bym : m Reviewed by_. CM’




Intef-tiiountnin LADOIAIONIES, nc.

Client: BHP Minerals
Project: Navajo Mine
Sample ID: Bitsui - 2
Laboratory ID: wW02730
Sample Matrix: Water
Condition: Cooal/intact

1506 W. Main Sireet
Farmington, New Mesico 87401

Date Reported: 03/22/25
Date Sampled: 3/02/185 -
Time Sampled: 1040
Date Received: 3/02/95

Lab pH.cceeeansssarenrennenenasenss 8.0 s.u.

Lab Conductivity @ 25° C 8,080 umhoes/cm

Total Dissolved Solids @ 180°C....ccccuuevees 5,050 ma/L

Total Dissolved Solids (CalC).....cccvuemienns 4,840 ma/L

Total Alkalinity as CaCO3.....ccovmmrecnsinns 2,860 me/lL

Total Hardness as CaCO3.....cviivereninnnns 15 mg/L

Ortho Phosphate..... <0.01 mo/L

UGB, -enceececvermaeseeacsrernsmmmrasmsssssmnmmnsnssssanans 28.2 mg/L

Hydrogen SUlfide.......coemmmrmssicensnsiasncsecs 2.26 mg/L
Bicarbonate as HCO3....cceeeeieanncrnieens 3,480 mg/L 57.12 mea/L
Carbonate as CO3 0 ma/L 0.00 meqil
Hydroxide 88 OH...ccovoeuieeeriiusmmmniccenes 0 me/l 0.00 mea/L
FIUOHTE. .o cseeresrrrmansesmsmmesrarsassansssssanssanses 0.7¢ ma/l 0.0¢ meall
Chloride... 1,160 mag/L 32.71 mea/L
SUIFALE. .. eereeeermmeseommeeesanasarasesmesasnniananens 3 7 mail 0.14 meg/L
Nitrate as Nitrogemn......ccereemecneies <0.01 ma/l <0.01 mealL
Nitrite a5 NIitrOgen....cccweemcseesesmmesanananee <0.01 mail <0.01 meg/lL
CalCiUM . ecrrereereesmmamsaneressssmssnesasssnsasnasnss 3.6 mg/L 0.1 meg/L
(VT L LT R 1.5 mg/L 0.12 mea/l
POlESSIUM..aeceernrenrensrnammresisssnenssnsnnasaneses 7.0 ma/L 0.18 meall
SOQIUML . eeeemneererensesensssmsasssssnarssasanesanases 1,840 ma/L 84.5% mea/L

T (1=): TR SRR EE S S S 85.07 meg/L

AMIONS..corumrsansorarassnnansssszansase 89.97 mea/L

Cation/Anion Difference... 2.80 A

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastas”, 1 o83.
»Standard Methods For The Examination Of Water And Waste Water”, 17th ed., 1989.

Comments:

Reported by Y\ * M

»

Reviewed by___ 1 Qy"




AT HUURLAINT LADGIALITIE Dy ik,

Client:
Project:

Sample ID

Laboratory I10:
Sample Matrix:

Condition:

BHP Minerals
Navajo Mine
Bitsui -2
WO02730
Water
Cool/Intact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2506 W. Man Streer
Farmington, Naw Mesico 87401

03/22/85

30283
1040 |

03/02/25

Trace Met

als

AlUMINUM. ceceeeeeceannesresssmassnses

ACSENIC.....ieiieerarnrene sssssessseanse

................

Reference:

Comments:

..............

..............

---------------

...............

............

<0.1
<0.005
2.69
<0.001
0.3
<0.002
<0.02
<0.05
<0.01
<0.05
<0.005
<0.02
<0.001
NA
<0.005
4.36
<0.01
<0.01

<0.02

0.07

<0.02

<0.2

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water 2nd Wastzs", 1983.
Standard Methods For The Examination Of Water And Waste Water", 17t ed., 1988.

AW\ WL

Reported by

Reviewed by__.__{

o
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Inter-Mountaln Laboratories, Ine.

Client: BHP Minerals
Project: Navajo Mine
Sample |D: Bitsui - 3
Laboratory ID: W02729
Sample Matrix: Water
Condition: Coal/intact

1508 W. Main Street
Farmingion, Naw Mesico 87401

Date Reported: 03722185
Date Sampled: Q3/02/85 °
Time Sampled: 1000
Date Received: 03/02/¢5

Lab pH. 76 S.u.

Lab Conductivity @ 25° Cuerrreeceeiininiannens 13,000 umhosicm

Tota! Dissolved Solids @ 180°C.......ccccve 7,880 ma/L

Total Dissolved Solids (Calc).....cocenvvrneenne. 8,030 ma/L

Total Alkalinity as CaCO3....ccvmrirecirinernns 2,560 mg/L

Total Hardness as CaCQ3.....cveenicicienns 49 mafl

Ortho PhoSPhate. ... rsesinsannannee 3.5 mafl

SUIIE. c.cereerrrnraenenenssrnnsnrsensessssnonsnss 6.1 mag/L

Hydrogen SUlfide......cmeeeceisnnissncenenee 1.04 ma/L
Bicarbonate as HCO3......ccrveveneccnneceas 3,120 ma/l 51.20 meail
Carbonate 85 CO3..nriiiinieninenansinians 0 ma/L 0.00 maa/L
Hydroxide 8s OH...ooimereenmsnsansnsoness 0 ma/L 0.00 meg/L
FIUOMTE. ..iecraevarersesscsssssssnanassmassssnissanenns <0.01 ma/L <0.01 meciL
Chloride 2,820 mg/L 79.57 meq/L
LSYT1 7= 1( - TR 442 mg/L 2.22 mec/L
Nitrate as Nitrogen.....cccemeeeceereriencaennes 1 ma/l 0.10 meg/l
Nitrite 25 NIitrogen....covivemrmnnissnsnecnnanes <0.01 mg/L <0.01 meg/L
CalCIUML couviermrensnnnrissssnnssrnresssnssssssssasnne 11 ma/L 0.55 mea'l
MEGNESIUML..cereramrensrssssmsmssrsssnsesasassans 5.2 ma/L 0.43 meail
POLESSIUM..coreirarncesansssnsiranssssssermacrasaranns 14 ma/L 0.35 meg/L
SOAIUM. cirerverrererenmmsrassnnessanasmsassssnnasanses 3,200 ma/L 139.20 megiL

Cations........ isssteissessseseessssestbtseesteestsasarestssastnes s ndssare R R s iR RS A s SRS 140.83 meco/b

ATHOMIS. ... veevereeseessmsbesssssasssssesssanasssasasssssabissses s sasan s tanLEEe R LA St AR SRS SRS s 000 139.92 meg/L

Cation/AniON DIffErBNCE. ..civeereseemrenessesesstsssnanrssssnsiensatssaismstsnnass s ssaeess 0.1¢ %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastas”, 1283.
“Standard Methods For The Examination Of Water And Waste Water”, 17th ed., 188¢.
Comments:
]
Reported by Y. Y9 to Reviewed by Va,//f




Iater-11loUNTQIN LADOIQIONES, 10C.

Client:

Project:
Sample ID:
Laboratory 1D:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine
Bitsui - 3
WO02728
Water
Caallntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2508 W. Mawn Sireet
Farmingtan, New Mesica 87401

03/24/95
03/02/¢5
1000
02/02/€5

ma/L
mg/L
mg/L
ma/L.
mg/L
mg/L
ma/L <0.02
mag/L
ma/L
mg/L 0.24
mg/L
mg/L <0.02
mg/L
mg/L <0.2
mg/L
mag/L
ma/L
mg/L

m¢/L

me/l

mafL

me/l

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water 2nd Westes”, 1883.
Standard Methods For The Examination Of Water And Waste Water”, 17th ed., 1288.

Trace Metals
YN (175 111517111 FOUTOTORRR—— <0.1
ATSENIC...ccoeiemsssosnnne sormassssesans <0.005
BaMUM..coviioiniiscaisssrairassvasans <0.5
Beryllium... <0.001
BOrON. cveeararasaanins 1.07
CadmiUmM....cocsassmnessrrrnrrssrsasases 0.004
CRIOMIUM..ccreiassnnmnesasssasssnnsas <0.02
Coball....cocerirrrcrerrsmenneasansns <0.05
COPPET..coemeeirmssasscssammnesssssssnan <0.01
IFOM N eeremmrecasraaernsrrenanaasssnssnnnerens <0.05
L. ceerirenecamccssnsanivsasnsmsssasns 0.012
Manganese.........cowesrrmesensenenes <0.02
MEFCUIY ..eeeamicmsasanersmressiasssssanns <0.001
PhoSPhOIUS. ...ocaereemisissanasans NA
SEIBAIUITL ..ivssiiisismisamsussssonsaros <0.005
(T [{o= OO PS 4.82
SHVET it eeeeeersarerenacssarnnnassssases <0.01
] O <0.01

Reference:

Comments:

Reported by 1) - ¥ T

»

/.
Reviewed by__¢ cé’




Inter-Mountain Laboratories, Inc.

Client

Project:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine
Bitsui-1
W00337
Water
Cool/intact

2506 W. Mawn Sireet
F New M 87401

Date Rererisd:  05/17/95
Dats Sampled:  04/27/95
Time Sampied: 1345

Deate Recsived: 04727195

Trace Metals

ATSENIC....ceereeceeaaasaaaaannans
Barium
Boron

CadmilM.....ceceeeceeennsiaasans

Chramium.........ceeveameen
RGN
Lead
Manganese.......cccceeeaneees
Phosphorus.......cccceveeanees

Selenium......oververnesnseenans
SiVEr....eirernneemmssrnsans

Reference:

Comments:

0.03
<0.5
7.6
<0.002
NA
<0.05
0.011
0.024
NA
0.007
<0.01
<0.01

ma/L
mg/L
mag/L
mg/L
mg/L
ma/L
mg/L
mg/L
ma/L
mg/L
mg/L
mg/L

<0.02
0.80 mg/L
0.11 mg/L
1.68 ma/L

U.S.E.P.A. 600/4-78-020, “Methods for Chemical Analysis of Water 256 Wastes", 1983,
"Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1992.

mmmms v AW, A

)



later-Mountaln Laboratories, Inc.

2506 W. Mawn Street
Farmungton, Hew Mence B7201

Client: BHP Minerals

Project: Navajo Mine

Sample ID: Bitsui-1 Date Repcried:  05/18/85
Laboratory 1D: W00337 Date Szmpled:  04/27/85
Sampile Matrix: Water Time Samgled: 1345
Condition: Cool/Intact Date Received:  04/27/85

1 <1 I 8.8 s.u.

Lab COnAUCHVIY @ 25° Cuuevrromiesissiormssssssisssasassss 18,100 umhos/cm

Total Dissolved Solids @ 180°Curreiniinnncnniinannas 14,200 mg/L

Total Dissolved Solids (CalC)...ccueeriereicrnsrnisnannnns 14,500 mo/L

Total Suspendad Solids......ccemreenreeanamrsnsnnacnas 74 mg/L

Total Alkalinity s CaCO3..cciriiminrnisiimcsnenieeas 1,080 mg/L

Total Hardness as CaCO3 2 280 ma/L

Total Organic CarboN.....covuemivemsmrmansurasnensssneces 33 ma/L

SAR suicimmasssssrornmmss 129.380 ratio

Grain Size Finer Than 0.062 MM......oovueiiececnnnns *NA %
Bicarbonate as HCO3....oeveiiniiiicenncinnaees 1,160 mg/L 1£.00 meg/L

. Carbonate 85 COSZ.iiiirrnrrressmrcssecanninses _ 60 mg/L 2.00 meaq/L

Hydroxide 85 OH...cumneininmmniseininiciiacannness 0 mag/L 0.ca mea/L
FIUOTIR. ... erereararassesissrensssssressssanstssnsensssmnnreanss 264 mg/L 0.14 meq/L
Nitrate........ i s 2.4 mg/L 0.17 meg/L
NI, . .eeecseesssersmesmsanessassnnsnassssasnsnnnnsessssns <0.01 mg/L <0.01 meq/L
CRIOMAGE. .eneeeciereereneessssssassrrrasnmossssssnssssssnsasnsors 2,050 mg/L 57.8 meg/L
Sulfate..ccoveereeemiisranessens rereerssesesesasananans 6,680 ma/L. 138.10 mea/L
CaICIUML . neeirrraessreecsnnsnssnrmsanssnnssssmsssmnnnnssssansas 56 ma/L 2.80 meg/L
Magnesium.......cccoeeee 2 34 ma/L 2.7¢ megqg/L
Potassium.....c.ceeeee SRS —— 54 mg/L 1.37 meq/L
SN s amasnmsmmensmsmrmr e R R RS 4970 mg/L 216.30 meg/L.

CBtiONS....ovsesesereasssenmnmmssnsenssnsesasessanessasasesssnsbnstsasssshsssssmasssshmsrn s b s s d s s st 08 223.25 meq/L

AATHONIS ... vosenemsseessassrarassansissonssmaasasntsassasessssinsssnmsasssntssesssssnnsussasasssasasassonenssssastssess 218.10 meg/L

Cation/AniON DIffErBNCE. ....ccierirrmeierrse et st s s st s ss e es 1.47 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analys\,is of Water and Wastes", 1983.
. »Standard Methods For The Examination Of Water And Waste Water", 18th ed., 1992
Comments: *NA - Insufficient amount of suspended particulates to perferm analysis.

Reported byﬂ? . U W_ Reviewed by _¢ W



Inter-Mountaln Laboratories, Inc.

Slient: BHP Minerals
roject: Navajo Mine
Sample ID: Bitsui-2
Laboratory 1D: WO00336
Sample Matrix: Water
Condition: Cool/lntact

2506 W. Main Street
Farmington, New Mexico 87401

Date Repcrigd:  05/18/95
Dzte Sameied:  04/27/25
Time Samcled: 1311

Dats Received:  04/27/85

Lab Conductivity @ 25° C..eorrrrciemmrniiinisseniene
Total Dissolved Solids @ 180°C....ccoveivenniscans
Total Dissolved Solids (CalC)......ccueeremersnecaasennnes
Total Suspended Salids.......cooceiieceanvssnniens

Total Alkalinity as CaCO3......cieenrmcasnenninnenss
Total Hardness as CaC03......ciiinisninnessnnans

Total Organic Carbon......cceiiimmissnassseassrnes

Hydroxide @s OH..c.oumnmnisiicnensmmesnnnsans
FIUOMIAR. e eevirierreenreressassanssnssssansssesmaassnsaasssensaes

(311 1o1 3o - TUNN USRI DPR SR
SUHBEE. ... crererrenemsesstesssmniesssmemnsssanasasssaannrenanes

CaAlCIUM ceeeeieeecrermemanessereassrassrsnassassssmssnsanasases
MEGNESIUM...cueemisenrcncreesbsmssessassnasssssssamnssas
POtESSIUM. cvereccraermsasrsirsssrasamsssssinansnsasnanansns sns
Sodium

CatiOMIS v veeeecseesermsenestesssssertsratresasssssssasssatasssasansssssssssssasasssmstasasenss snesmsenanserens

8.0
8110
5,020
5,100

<10
2,840
28

11
174.732
*NA

ANOMS.ceeeeerarrasreesssrsressaesaasasnnmssianss

Cation/AnNION DIffErBNCE. ....c.ceeeirreaererrras sttt st s e s

Reference:

S.u.
umhos/cm
ma/L
ma/L
mail
ma/l
mg/L
mall
ratio
%
mg/L
ma/L
ma/l
ma/l
mga/l
ma/L
me/l
ma/L

mg/L
ma/l
ma/L
ma/L

.........................

EBa2 meq/L
c.co mea/L
0.C0 mea/L
c.ce mea/L
0.01 mec/L

<0.01 meag/L
343 mea/L
1.C0 meag/L
0.33 meg/L
0.22 meg/L
0.33 megiL

€183 meg/L

€z2.:51 meaq/L

€2.07 meaq/lL
023 %

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water anc Wastes", 1983.

»Standard Methods For The Examination Of Water And Waste Water", 18th ed., 1992.

Comments:

Reported by /n/] > 1// lm

*NA - Insufficient amount of suspended particulates to perform analysis.

Reviewed byvﬁl/




Inter-Mountain Llaboratories, Inc.

Client: BHP Minerals
Project: Navajo Mine
Sample ID: Bitsui-2
Laberatory 1D: WO00336
Sample Matrix: Water
Condition: Cool/lntact

2506 W. Mawn Str
Farmi New M 87a

Datz Rerorted: 05/17/95
Dat2 Szmpled:  04/27/95
Time Sampled: 1311

Date Recsived: 04127185

Trace Metals

Arsenic......eeere.. <0.005 mg/L

Barium.....cooccicnsaizianesis 27 mg/L

Boron......... 0.91 mg/L

Cadmium....cccoecimrannenns <0.002 mg/L

ChromiuM....ccceuieeensenes NA mg/L <0.02

JEOIM, ssvsnssumacnssvsmaxssnsansanness <0.05 ma/L 0.11 ma/L
Lead.... ; <0.005 ma/L

Manganese.......eeuccernnes <0.02 mg/L <0.02 mg/L
Phosphorus.......ccoeceruesees NA mg/L <0.5 mg/L
Selenium...cocccceeeeicarcennnee <0.005 mg/L

SIVer ciaain SRR <0.01 mg/L

ZI cavssansnsuiss avssmmssnsrasnpasn <0.01 mg/L

Reference: US.EP.A 6001‘}-79-02'0. "Methods for Chemical Analysis of Water and Wastes", 1983.

»Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1992.

Comments:

Reported bv /1 Vi b5



Inter-Mountain Laboratories, Inc.

Client: BHP Minerals
Project: Navajo Mine
Sample ID: Bitsui-3
Laboratory 1D: W00335
Sample Matrix: Water
Condition: Cool/intact

2506 W. Mawn Street

Farmngton, New Mexwco 87401

Date Reperied:
Date Samgied:
Time Sampled:
Date Received.

05/18/95
04127/95
1220
04/27/95

Lab pH. O <= 75 s.u.

Lab Conductivity @ 25° C.. - 13,100 umhos/cm

Total Dissolved Solids @ 180°C..cucvrccirernrininees 7,740 mg/L

Total Dissolved Sclids (Calc) - 8,150 ma/L

Total Suspended SolidS.......couimiicsiniusmminnas 20 ma/L

Total Alkalinity as CaCQO3 - 2,500 ma/L

Total Hardness as CaCO3.....ccvnenmnmaniicsnninnees 115 mail

Total Organic Carbon. T 7 ma/L

SAR oo seeetemisersenessaaser e a st e easasatar s s s R bt 128.125 ratio

Grain Size Finer Than 0.062 MM......coieanncsscans *NA %
Bicarbonate @s HCOS.....cccrrrrinnecisaninisienee 3,050 ma/L 4z.e2 meag/L
Carbonate as CO3..iierimnrenneneseasnsnsinnreas 0 ma/l 0.00 meq/L
Hydroxide as OH............ iR T e 0 ma/L 0.00 meg/L
FIUOHITR. .o emreesesumssersssensrsnanssssssmmanassnsmsnssssusres 0.89 ma/L 0.05 meg/L
NITBLE. o cverreerrrsasansrressssransssanssssssssasssnisarns 4.1 mall 0.30 megqg/L
NI eeeeecissnsannsennssssnsnssnasannsssnnsnnnarnsansnass <0.01 ma/l <0.01 meag/L
CRIOHIGR. ... e cenvreenmeessssrrrrraansssssssssesnunmsarsmsssasans 3,160 malL gc.0 meq/L
SUIBL. ceecrreereessnsmmmsssmasasssannanessanes 255 mg/L 5§32 meg/L
CAlGIUM. cueeceeerreerceresssannrasasamnrssrsnsanesusassnansns 27 ma/Ll 1.24 meg/L
MBGNESIUML. v urreecemessnarsrnsssassusmesesassansasansiss 12 ma/L 0.65 meg/L
POLaSSIUM...ccrmransesnnmmsassssassnssanns . 44 ma/L 1.13 meg/L
SOdIUM.  ccusessssivnsersensmnonaren ; 3,150 mg/l 137.10 meg/L

CalIONS. ... voerveecsseenssssesessnssessasssssnmatssemsiaimsmnssssasamssssatesansrasmsasansarasssses 140.52 megq/L

ATNOTIS....oovveseerscesasssasnsastassnsestanassssasesmsessast st sassses s b s R LA s s TS sm e ST S E 00000 144.57 meg/L

Cation/ANION DIffErBNCE. c..cvuvurmmsrrasesrimsesessmsssmsrss s semssas s ss s es 1.42 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.

“Standard Methods For The Examination Of Wat

Comments: *NA - Insufficient amount of suspended particulates to pefform analysis.

Reported by TY YL u XL

Reviewed by

er And Waste Water”, 18th ed., 1992.

A

-



Inter-Mountain Laboratories, lnec.

.cnenz: BHP Minerals
Project: Navajo Mine
Sample ID: Bitsui-3
Laboratory ID: W00335
Sample Matrix: Water
Condition: Cool/Intact

2508 W. Main Street
Furmingtan, New Mexico 87401

Date Reportad:  0S/17/85 .
Date Sampled:  04/27/95
Time Sampled: 1220

Date Receives:  04/27/85

Trace Metals

ACSENIC. .e.eesrsrcmarassseasansens <0.005 mg/L

BaMUM. ..ccocreemsmssnsrenmssesass 1.3 mg/L

BOTON...covenemsesssenessusoses 1.0 mg/L

Caden - e <0.002 mg/L

Chre—" " NA mg/L <0.02

KR iaiissiviississmisiminmaievesens nag mg/L 0.75 mg/L
.Lead..._.. ..... reresmenesareasnas 0.033 3

Manganese.........ccecosenee <0.02 mg/L T mg/L

Phosphorus.......eceee-sees NA mg/L <0.5 e

SeleniUM.....ciramsanrsnnans <0.005 mg/L

E3T1 117 <0.01 mg/L

Zinc. 0.01 ma/L

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.

"Standard Methods For The Examination Of Water And Waste Water”, 1&th ed., 1992.

Comments:

Reported byﬂl;ﬂ‘gé—

Reviewed by vﬁ%



Mountain Laboratories, Inc.

2506 W. Main Sireet
Farmungton, New Meuico 87401

BHP Minerals

:t:. Navajo Mine

e ID: Bitsui - 1 Date Reporied. 06/03/25

ratory 1D: W00532 o Date Sampled: 05/18/85

sie Matrix: Water Time Samgpled: 0712
Date Received: 05/19/95

fition: Cool/lntact

T 8.8 s.u.
Conductivity @ DG% C.oerenerassassemesnasmass 25,800 umhos/cm
1l Dissolved Salids @ 180°C..reavenennen 14,200 ma/L
3| Dissolved Solids (ClE).wveraremaeusere 14,800 mg/L
al Alkalinity as o710 © K ISRt 1,110 mglL
alHe: 58S (=107 0 [ USRNSSR 232 ma/L
T <0.01 ma/l
- W <0.01 mgfl
L. sonateas HC O3 cucveecraassanemsansnseass 1,180 mg/L g meg/L
nate @8 CO3.meemimemseresrmeasess 84 mg/L 2.8V mea/L
:‘xide 8S OH.ocveerrersmmssssasneasenesstss 0 ma/L 0.00 e <
P Te - R 2.71 ma/L 0.14 mea/L
CRIOMAE. enearsammsessmsssemssssssssmsss s 2,070 mg/L £6.40 meg/L
SUIFBLE. e eramssesssmssssesssssmsassss st eer e 7,100 mg/L 147.83 meqa/L
Nitrate as Nitrogen........-- 1.5 ma/l c.11 meall
Nitrite @5 NItrOGEM.cwwraerssemmremeeseee 27 <0.01 mag/L <0.01 meafL
CAIGIUM cresensseesessamrmmssrssssemsst s 45 ma/L 2.25 meqg/L
MBGNESIUM.cocvssassmsesrmssassss st 29 ma/l 2.38 mea/L
POLASSIUML ovanrssensamssmsssssssss s 23 mg/L 0.5¢8 meaq/l
SOGIUMY. aresseenssemssesmsssismassessss st r e 4,830 ma/l 210.C0 mea/L
N 215.22 meg/L
oo T 228.70 meq/L
sation/Anion IRE— 3.04 %

U.S.E.PA 50074-79-020, "Methods for Chemical Analysis of Water and Wastes", 1883.
»Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1882.

‘omments:

Reference:

P e

Reported bﬂhfm Reviewed by \./@¢ :’L s

P S

e



Client: BHP Minerals
sject: Navajo Mine
Qample ID: ' Bitsui - 1
aboratory ID: WO00532
Sample Matrix: Water
Condition: Cool/intact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2506 W. Man Strest
Farmington, New Mexico 87401

06/05/95
05/19/95
0712
05/19/25

Trace Metals

Aluminum.......
Arsenic...........

Boron

.......................

.......................

-----------------------

(107 1 (11110 1 { S OPRIE Ry

Chromium..

Manganese....
Mercury..

.........................

messsasEEsTEESsSasEnERERE

Selenium..

Reference:

<0.1
0.04
<0.5
<0.001
8.44
<0.005
NA
<0.05
<0.01
<0.05
<0.050
0.10
<0.001
0.007
6.66
<0.01
<0.01

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/lL
ma/L
ma/l
mg/L
mg/L
ma/L

mg/L

<0.02

1.06

0.11

mg/L

mag/L

mag/L

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1€83.

*Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1982.

Comments:

Reported by=1Y1. YL 1,410

*®
»
Reviewed by Z'%/




(&4 ] {jounain LU SAR S S ey BE

2506 W. Man Straet
Farmungron, New Menco 87401

nt BHP Minerals
Navajo Mine
130: Bitsui - 2 Date Reported: 06/05/25
oratory 1D: W00533 Date Sampled: 05/19/285
nple Matrix. ~ Water Time Sampled: Q745
Date Received: 05/19/85

dition: Cool/intact

B PHunoeressmsmsssssssssssssamssessassssassmsse s enasseness 8.0 s.u.
b Conductivity @ 25° Cueweuceensenensemeeseeeses 12,100 umhos/cm
tal Dissolved Sclids @. 180°C...oomeemsreene 5,010 mg/L
tal Dissolved Solids [(oF-)) IS 5,080 mg/L
tal Alkalinity as CaC03.cuccumsemmrmasenemaees 2,890 mg/L
jtal Hardness as CaCO3eeerirarmensmrassasses 34 ma/L
4h0 PhOSPNALE...cuseuerassassnmmsassenssmsaseasasess <0.01 mag/L
IO, .ocenssormnssscrrassrensinsanssnssasarasasrasatnesecses 65.5 mg/L
r  cbonate 85 HCOS3cuiceemamecsmsnsasses 3,520 ma/L £7.76 meg/L
Caiponate 85 CO3..mmmrummenrarasemaensess 0 ma/L 0.00 meg/L
mxide PTe | IEEDR—— 0 mg/L 0.00 meq/L
OTIAR......rssmsssscrsssessssssmnanessarassssasetasess 1.75 mg/L 0.08 meg/L
CRIOMTE. cavvereersrersnasmsmsmsussmsarasassasssassess 1,220 mg/L 34.41 meg/L
GUIBLE. .oarvrrassensssssmammasmassnsssnasesmsasensess 28 mg/L 0.58 meg/L
Nitrate as Nitrogen.....coocrswereemsmeassesrasess <0.01 mg/L <0.01 meg/L
Nitrite 85 NItrCeM..cocuimeusimasensarmmnsamseseess 0.05 mg/L <0.01 meqg/L
Fo )= 171 IR e 8.6 mg/L 0.43 meg/L
MAGNESIIM..o.comsenerasenasssnnrnsasssssesses e 3.0 mg/L 0.25 meq/L
POASSIUM..creisrrmcsensrsmsensmmasassnssassssssss 1.6 ma/L 0.04 meg/L
SOUIUMLvoreermcimmmsamassasemsmamamsnssassssscsssssss 2,090 mg/L 20.88 megfL
 IOMS+ e e AR ST 21.60 meg/L
EROUYS. s ess s SRS S S S 02.85 meag/L
N 0.68 %
Reference: U.S.E.P.A. 600/4-739-020, "Methodsfor Chemical Analysis of Water and Wastes", 1283.
»gtandard Methods For The Examination Of Water And Waste Water”, 18th ed.. 1692.
Ccomments:

Reported brm M Reviewed by_\ ,@é/'




2508 W. Mawn Street
Farmington, New Menica 87401

Client: BHP Minerals
ject: Navajo Mine Date Reporied: 06/05/95
Qample ID: Bitsui - 2 Date Sampled: 05/19/95
aboratory ID: WO00533 Time Sampled: 0745
Sample Matrix: Water ' Date Received: 05/19/85
Condition: Caoolfintact

Trace Metals
AlUMINUM. .ceereimcnemneeemenaees <0.1 mg/L
ATBBRIC. ... ecenmrnvncrers srensassessnes <0.005 mg/L
Barilm.....ccoceecrnnsrermnrnesicsnsans 2.89 ma/L
BeryliumM....ccccoiimmmeinrnsaseanes <0.001 mg/L
BOMON...cccoririnnsisnmessuimrinsanpisises 1.03 ma/L
CadmiUuM.....cceveeeramsassasasanssane <0.002 mag/L
CHIOMIUM...ccvreracriennensrerannanas NA <0.02 mg/L
o7 || S <0.05 mg/L
o] o[- R R e <0.01 ma/L
qro’n <0.05 mg/L 0.07 mg/l
Lead i <0.005 mg/L
Manganese.......cueverenarscsseses <0.02 mg/L <0.02 ma/l
MEBICUIY..ivivszicvussvemiomosvasinanie <0.001 ma/l
SeleniUm....ccccceeiramrmrrrseenenss <0.005 ma/L
Silica....iviminianni s 4.34 ma/L
SHVEI....veieceriesanssrimeneesmssens <0.01 mg/L
ZUINC..iionssisinissiraniiassrssinsasovmnnsos 0.03 mg/L

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastas". 1983.
»Standard Methods For The Examination Of Water And Waste Water”, 18th ed.. 1682.

Comments:

| :
Reported by 7; ;M Reviewed by#%/




Inter-Mountain Laboratories, Inc.

Client:

.Project:

Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine
Bitsui - 3
W00530
Water
Cool/intact

Date Reconed:
Date Sampled:
Time Sampled:
Date Recsived:

2506 W. Main Sireet
Farmington, New Mesico 87401

06/01/95
05/18/95
1140
05/18/25

et Sk

Lab pH

£0.40
0.60
0.co
0.05
88.61
4.00
<0.01
<0.01

137.71
141.36

1.31

meg/L
meg/L
meq/L
meg/L
meq/L
meg/L
meg/L
meg/L

meg/L
meg/L
meqg/L
meg/L

meg/L
meg/L

%

7.3 S.u.

Lab Conductivity @ 25° C..eeeererermrnnisenenane 14,600 umhos/cm

Total Dissolved Solids @ 180°C.....ccoevenens 7,730 mg/L

Total Dissalved Solids (Calc)...ccoevciveinnnens 7,950 mag/L

Total Alkalinity as CaCO3.....cccmmnnnisisenns 2,520 ma/L

Total Hardness as CaCO3.......coeuecianinns 73 mg/L

Ortho Phosphate.......... <0.01 mg/L

Sulfid....coeceeeemnaeennn 2.8 mg/L
Bicarbonate as HCO3...coeviinrineinnnnes 3,070 mg/L
Carbonate as CO3...neeecinriiresiesaenaenes 0 mg/L
Hydroxide as OH......ccovuiminmniinnmenens 0 mg/L
FIUOMAE. ..veevecreeensnaseesanesasssnssararssnsnsesns 0.99 ma/L
[037100]51¢ |- FURTNIIRO RIS 3,080 mg/L
Sulfate 192 mg/L
Nitrate as Nitrogen.....cccceeensiiisnssnrsrnens <0.01 mg/L
Nitrite as Nitrogen.....cccccanmsnersesnsnnens <0.01 mg/L
(@71 (o111 1. FETNUUTUTOOU PP 19 mg/L
Magnesium..... 6.1 mg/L
POASSIUM...cccierserscersenmsmsessesanssnsssansasses 10 mg/L
SOGIUML eeeereereeenssamrmsrensnssassssacssnsssansaras 3,130 mg/L

[T Te] TRt e R R R St

ATHOMS. coverersmeememsmmsssassnesssrsarssaisanssseas

Catidn!Anion DI EIBICE. . ecveeerenresserssesresasasanatasssserssssssnsansanarasenasesasssasssmantessasanss

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastzss", 1983.
Standard Methods For The Examination Of Water And Waste Water", 18th ed., 1992.

Comments:

Reported by\m - ‘kJR L,Oty_

Reviewed by __ W‘




Inter-Mountain Laboratories, Inc.

2506 W. Main Street
Fanmington, Naw Mexico 87401

Client: BHP Minerais
Ject Navajo Mine Date Reporisd: 06/01/95
ple ID: Bitsui - 3 Date Sampled: 05/18/95
Laboratory 1D: W00530 Time Sampled: 1140
Date Received: 05/18/95

Sampie Matrix: Water
Condition: Cool/intact

Trace Metals

AUMINUML.cereeeneeeeniarnceiaeenes <0.1 ma/l

ATSERIC. .ccourrnrrecrrareas serdsaiaasiny L300n ma/L

2115101 1 IO 0.51 mg/L

Beryllium....ccooveeeercessscncascanes <0.001 .2

BOrON...coeerrsrierrsnseeasssnmssssansnnne 1.058 mg/L

CadmMilM....ccourrerrnnnansasnmrenanaes <0.005 mg/L

Chromium... : ' NA <0.02 mg/L
DalL...cciaeerrnnreserinniarenines <0.05 mg/L
To]oL-] (RS <0.01 mg/L.

Iron.......... 0.05 mg/L 0.28 ma/L

Lead......cccivmimamiivenininns <0.05 mg/L

Manganese.......ccccocecersunnennnens <0.02 ma/L <0.02 mg/L

MEFCUMY...oeemeueeiranrisrmasssarasnensas <0.001 mg/l

SeleNIUM....ecceirierrennnsssesanssanes <0.005 ma/L

Sl nmnsisasissrisannssasage 4.69 mg/L

51 7=) ORISR P S <0.01 mg/L

ZINC cisvsussnarausovasisinsonoananas sansusns 0.10 mg/L

»Standard Methods For The Examination Of Water And Waste Water”", 18th ed., 1892.

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Weastes", 1983.
Comments:
| :
. »
=
Reported by’N\VQ ALAQ Reviewed by__¢ ,Q‘ﬁ/




jaTersouniain LaDUIralonegs, 1Inc.

2508 W. Mawn Street

F gton, New M 87401
Client: BHP Minerals
. Project: Navajo Mine - Table 2 _
Sample ID: Bitsui-1 Date Reporied:  11/19/95
Laboratory 1D: 0395W01941 Date Sampled:  10/18/95
Sample Matrix: Water Time Szmpled: 1337
Condition: Cool/intact Date Received:  10/19/95

Lab Conductivity @ 25° C..eeeorievrrircsninsseransnssnens 17,800 umhos/cm

Total Dissolved Solids @ 180°C......cccc.uereemerennne *14200 malL

Total Dissolved Solids (Calc)......eereercriiiceninenns *14400 mg/L

Total Alkalinity as CaCO3.......ccivciiimniinnsanensnnes 1,010 mg/L

Total Hardness as CaCO3........cvnmmmrrnsssescnss 243 mg/L
Bicarbonate as HCO3.....civiremercvinniisnnninns 1,010 mg/L 16.6 meqg/L
Carbanate 85 COJ.....ciiiimimminmmisiseinsssans 108 mg/L 360 meg/L
Hydroxide as OH....oceecencaiines 0 mg/L <0.01 meqg/L.
Fluoride.............. cesreessreesrereseeannes 2.51 mg/L 0.13 meq/L
(01121 7 |- U 1,950 mg/L £4.¢8 meg/L

. SUHALE. . oceccensrernesnremsarsssossossssmsmssssseassnnsssssananes 6,850 mg/L 142.75 meg/L

1 =1 - O <0.01 mg/L. <0.01 meg/L
NITEE...ocrracererenemereerstsmssssssesssssnnasssanssnsnsansessses <0.01 mg/L <0.01 meq/L
Calcium.......coeuees . 56 magi/L 2.77 meg/L
MEGNESIUM...creererrreerearissenns e sassssns s amsasesns 27 mgiL 2.21 meg/L
POtASSIUML.uacceerenrenccrtcsennesnmasssasssanarensssesnassss 20 mg/L 0.51 meg/L
7o a1 | 7 O S PR e . 4,860 mg/L 211.40 meg/L

CtIOMIS. v eeeesessseeeenserersrnessssss tassseseeatnbtssibsasesssasssnesstrasessessneasanmassasnssasanssnsnssannnassas 216.89 meg/L

AIIIOMS ... .. cooosssiiacivasossorsusnsssatssiyissimssbbeivstesianiiniaiivessoasosesssunennstiannnnsus suansassenassres 218.06 meg/L

Cation/Anion Difference..........cccoocianmenninnees 0.27 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
“Standard Methods For The Examination Of Water And Waste Water", 18th ed., 1992.
Comments: *Due to insuffient sample size and matrix effects, the ratio between the calculated TDS
]

and the measured TDS does not meet criteria for balanc.ing.

Reviewed by, ,d/-

Reported by, f%g



HILETT I HIVWIINQIN LAooraornes, Inc.

Client:

Project:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine - Table 2
Bitsui-1

0395W01241

Water

Cool/intact

Manganese...........ccceeeee
Selenium.....ccoecieveerenees

Reference:

Comments:

Reported by _/7%

<Q.5

6.98

. <0.002
<nr-

<0.005

0.080

0.016

2506 W. Mawn Streer
Farmington, New Mexico 87401

Date Reporiad: ~ 11/19/95
Date Sampled:  10/18/95
Time Samples: 1337

Date Received:  10/19/95

mg/L
mg/L
moll

mg/L
mgiL
mg/L
mg/L

0.6z ma/L

0.07 mag/L

U.S.E.P.A. 600/4-78-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
"Standard Methods For The Examination Of Water And Waste Water", 16th ed., 1992,

Re\:iewed de//



Inter-Mountain Laboratories. Inc.

Client: BHP Minerals
Project: Navajo Mine - Table 2
Sample ID: Bitsui 2

Laboratory 1D: 0395W01243

Sample Matrix: Water

Condition: Coal/lntact

2506 W. Man Strest

Farmington, New Mesco 87101

Dztz Reccnied:
mpled:
Time Samcled:

Dzis Recsived:

11/19/85
10/18/95

1230

10/18/95

Lab pH... e R S R Y

8.0 S.U.

Lab Conductivity @ 25° C....cccoemmsccursrmonencnennenas 7,730 umhos/cm

Total Dissolved Solids @ 180°C...uereveeeieeieinrinns 4,910 mg/L

Total Dissolved Solids (Calc). 4,880 ma/L

Total Alkalinity s CaCO3....ccorvmemnnnneiiicnnees 2,800 ma/L

Total Hardness as CaCQ3 T 30 mag/L
Bicarbonate as HCOJ.....cccvverenenncinas 3,420 maiL 5.0 meg/L
Carbonate as CO3 0 mg/L <0.01 meg/L
Hydroxide as OH 0 ma/L <0.01 meg/L
Fluoride........ccocarsrensaeenes s 1.69 ma/L 0.ce meq/L
CRIDTIE. ... eereeicernrerssesnsssinsssnstasmssssssnmssssnssaranee 1,170 mg/L 3265 meg/L
SUIALR. ... oeeeeeeersemmersnrnensassssnesssensnes - 17 mg/L 0.25 meq/L
Nitrate......... 0.5 mg/L 0.04 meg/L
NIFIES. oo eereceieeermnnersnssncssessassnsssssmenmsessssnananenns <0.01 ma/L <0.01 meg/L
CalCiUML.ciccecmmarsanmmmriaranions 86 ma/L 0.43 meag/L
MEGNESIUM.uecresasrsmsesenssessasrsssssssmssrasassnnssasnans 1.8 mag/L 0.18 meg/L
POtaSSIUML.cccecssaeesicrssssnsasssensmnsnsrasannrsnsassassane on 7.0 mai/l 0.18 meg/L
SOAIUITY .. saisivsmsvissnasssmesansanesssossnesrsasraspisassanases 1,920 mg/L £5.75 meg/L

BN, ceaerisesnnssssnmnessssssssssnssnnssnnsssssossnmasnsnnssanssns §7.E2 meg/L

ATHOMS. cenvmeerinicessaresnssssiansassassnsatasssnssssasas £S.45 meg/L.

Cation/Anion Difference.......ccoememrensssssnseminneninneese 1.0¢ %

Reference: U.S.EP.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1992.
Comments: .

Reported by 470‘6)

Reviewed byvd//



later-11iouatain Lavoratories, Inc.

2506 W. Mawn Street
Farmington, New Meaico 87401

Client: BHP Minerals

Project: Navajo Mine - Table 2 Date Reported:  11/19/85
Sample 1D: Bitsui 2 Date Sampled: ~ 10/18/95
Laboratory 1D: 0395W01843 Time Sampled: 1230
Sample Matrix: Water Date Received:  10/19/95
Condition: Cool/Intact

Trace Metals

Barium...c.cceuersmmnmaceavasasns 2.42 mg/L
BOron......ccoainene e 0.83 mg/L
CAAMIUM....reemrerereserenserees <0.002 maiL
JFOM. cocasissinonnnanramannmssrsrarns <0.05 mg/L <0.05 mg/L
Le8d, ..eiciniionsirenionsisaisass <0.005 mg/L
Manganese...........cc...- <0.02 mg/L ' <0.02 mg/L
SeleniUm.....ccovreerernesenens <0.005 mg/L
D
Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.

“Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1992,

Comments:

| .
Reported by% Reviewed by %f




nter-gunaln Laooralones, inc.

Client: BHP Minerals
Project: Navajo Mine - Table 2
Sample ID: Bitsui 3A

Laboratory 1D: 0395W01945

Sample Matrix: Water

Condition: Cool/lntact

Datz Reronzd:

2506 W. Maw Stree:
Farrmington, New Menca 87401

11/19/85

Dsie Sampied: 10/18/25
Time Sampled: 1005

ived: 10/19/25

0
m
]
L1
[h]
m

Lab pH.
Lab Conductivity @ 25° C...

Total Dissolved Solids @ 180°C

Totai Dissolved Solids (Calc)......................

Total Alkalinity as CaCO3....

Total Hardness as CaCOa.... e

Bicarbonate as HCO3....
Carbonate as CO3.

Hydroxide as OH.....cceeninnnininnveraenns
FIUOMTR. .. cocosiamcicvossasmnccamssssosaramannnassssnns

MagnesiUM.....cocuereenianecnmmmmoreresississnssnesans
POtASSIUM. senreeemmceeessenansassssarassassansassaens

76
12,400

*7790
*8270
2,640

109

3,220

1.02
2,760
471
1.20
<0.01

Cation/Anion Difference..

Reference:

S.u.
umhos/cm
ma/L
mg/L
ma/L
ma/L

mg/L
mg/L
ma/L
mo/L
mag/L
mg/L
mg/L
ma/l

ma/L
ma/l
mag/L
myg/L

.............................

528 meag/L
<0.01 meg/L
<0.01 meg/L

0.03 meag/L
77.84 meg/L

c.81 meq/L

0.02 meqg/L

<0.01 megqg/L
1.18 meqg/L
1.02 meq/L
0.£8 meg/L
147.40 meq/L

1£0.16 meg/L
140.75 meg/L

3.23 %

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.

*Standard Methods For The Examination Of Water And Waste Water”, 18th ed., 1992,

Comments:

Reported by, _C’G/‘B

Reviewed by ﬂ/f

*Due to insuffient sample size and matrix effects, the ratio between the calculated TDS
and the measured TDS does not meet criteria for balanging. ’




Iater-Mountain Laboratorles, Inc.

Client:

Project:
Sample ID:
Laboratory 1D:
Sample Matrix:

Condition:

BHP Minerals

Navajo Mine - Table 2
Bitsui 3A
0395W01945

Water

Caol/intact

2506 W. Main Street
Farmington, New Mexco 87401

Date Reperizd:  11/19/95
Date Sampled:  10/18/95
Time Samgled: 1005

Date Received:  10/19/95

Trace Metals

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.12 mg/L

<0.02 ma/L

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
"Standard Methods For The Examination Of Water And Waste Water”, 1€th ed., 1692.

BariUm...ceeeemseeemsarmmsermssees <0.5
Boron. 0.92
Cadmium........ R <0.002
00N vspremmisssiinivsitatansanbasase <0.05
LBad....cccrceciirmeanmrnrsmsennns <0.005
Manganese............. <0.02
SeleniuM....coceeeceeceeses <Q.005

Reference:

Comments:

Reported by \éti 3

Re\:iewed by 'Z/k




Inter-il1lountaln Laboratories, Inc.

2506 W. Main Street
Farmungton, New Mexico a7401

“lient: BHP Minerais )
roject: Navajo Mine-Table 4 Date Reported: 01/11/96
ample ID: Bitsui 1-4 Date Sampied: 01/02/96
Laboratory ID: ~ 0396W00003 Time Sampled: 13:30
Sample Matrix: Water Date Received: 01/02/26
Condition: Caool/lntact

Lab pH......... 8.8 s.u.

Lab Conductivity @ 25° C....cceneee TSR 17,800 umhos/cm

Total Dissolved Solids @ 180°C......c.ceevve- 14,700 ma/L

Total Dissolved Solids (Calc)............ 14,600 mg/L

Total Alkalinity as CaCO3....cocuvvenee 846 mg/L

Total Hardness as CaCO3.. 289 ma/L

Ortho Phaosphate 3.6 mg/L

Sulfide... <0.01 mg/L
Bicarbonate as HCO3.....cceeiieemnininnnes 837 mg/L <0.01 meag/L
Carbonate as CO3......cmrernmecssienenss 96 mg/L 3.20 meq/L

. Hydroxide 85 OH..ewvurmsmrmersiscsacnnasess 0 mg/L <0.01 meg/L

Fluoride.. 439 mg/L 0.23 meg/L
Chiloride I ; 1,980 mg/L £6.0 meg/L
Sulfate . ; 6,990 mg/L 145.5 meg/L
Nitrate as Nitfogen.....coeeeeseemsmisaressses 8 0.73 mg/L 0.05 mea/L
Nitrite as Nitrogen......cccccvuncausmracsnsines <0.05 mg/L <0.01 meg/L
Calcium . S s 63 ma/L 3.13 meq/L
Magnesium. i , 32 mg/L 265 meg/L
Potassium..... 20 ma/L 0.51 meq/L
Sodium . 5,040 mg/L 219.1 meag/L

Cations.. R . 225.36 megq/L

Anions : 218.68 meg/L

Cation/Anion Difference........ccuveisennisseniens - . 1.50 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
»Standard Methods For The Examination Of Water And Waste Water", 19th ed., 1995.

Comments:
Reported by 8 Reviewed by A




IATEI T HIOUINILANT ROV IIE D, HIL.

2508 W. Main Streer

F g New M 87401
Client: BHP Minerals
‘oject: Navajo Mine-Table 4 * Date Reported: 01/11/96
mple 1D: Bitsui 1-4 Date Sampled: 01/02/96
Laboratary ID: 0326W00003 Time Sampled: 13:30
Sample Matrix: Water Date Received: 01/02/96
Condition: Cool/intact

Trace Metals

Aluminum........ 0.15 mg/L
Arsenic 0.036 mg/L
[SF T3 {113 1 R opne peoe) 0.03 mg/L
Beryllium. <0.005 mg/L
Boron.... 8.30 mg/L
Cadmium <0.002 mg/L
CRIOMIUM...ccviminsramnannrnrensnsans NA mg/L <0.02 mg/L
—obalt...cceemueee SR <0.02 mg/L
‘opper.. <0.01 mg/L
JFOMueeensecerssnesnsnssnsessmanasasasasenes % <0.05 mg/L 0.65 mg/L
Lead.. <0.005 ' mg/L
Manganese.......ccueesessmsesscnsnnee 0.10 mg/L 0.10 mg/L
MEICUIY....crrersrasmaasensassasanansases <0.001 mg/L
Selenium.. 0.010 mg/L
SHlICA. ..vensmrrraesesassrsnssasssorsassas 6.97 mg/L
SilVer..eueeerene o D <0.01 mg/L
TG wsscussavisnmmnamizrmpnersnnnaronspaans <0.01 mg/L

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.
*Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1995.

Comments:

o .
(96 Reviewed by \}M/

Reported by




VST 11 WAV Rl W b W/ 1S Dy L.

2506 W. Main Street
Farmington. New Mesico 87401

~lient: BHP Minerals .
roject: Navajo Mine-Table 4 Date Reported: 01/11/96
‘ample 1D: Bitsui 24 Date Szmpled: 01/02/96
Laboratory 1D: 0396W00004 Time Szmpled: 14:45
Sample Matrix: Water Date Recsived: 01/02/96

Condition: ~ Cool/Intact

Lab pH 7.9 s.u.

Lab Conductivity @ 25° C 2 7.590 umhos/cm

Total Dissolved Solids @ 180°C................ 5,020 mgfl

Total Dissolved Solids (Calc)......ccevereeenenee. 5,000 ma/L

Total Alkalinity as CaCO3......cooeieiennne 2,960 maflL

Total Hardness as CaCO3.......cccvevevienene 27 mag/L

Ortho Phosphate... e 0.13 mg/L

Sulfide........ ” R p— 34 mgi/L
Bicarbonate as HCOS.......eieeis 3,610 mg/L <0.01 meqg/L
Carbonate as CO3.....cievireremrvccersensnnes 0 mg/L <0.01 meg/L

. Hydroxide 85 OH..ovroceeeniiiieiisnnnens 0 mg/lL - <0.01 meg/L

Fluoride... T 2.66 mg/L 0.14 meg/L
Chiloride.....: cavereraaesrenn 1,150 mg/L 325 meqg/L
SUIFALR..eene ceeerrneramsmrenssressssssmrsasssnossesasas 4.5 mg/L 0.09 meg/L
Nitrate as Nitrogem.....ccceueeeereeeeeiesieennnes 0.53 mg/L 0.04 meq/L
Nitrite as Nitrogen...... <0.05 mg/L <0.01 meqg/L
CalciuM.....crenee- & 6.4 malL 0.32 meg/L.
MagneSIUML....cooremrermmssasassassnessronsssienanns 2.6 ma/L. 0.21 meg/L
PotassiiMnsnaunssnnnrnraisnnes 5.1 mg/L 0.13 meqg/L
SO cicc cimssiasivivesrsisaiinsadisdsiseiivanaiis 2,050 mg/L _ 80.4 meg/L

BTNt v sudosuivusn v #ay S K i i SU8 oS S S oA RS AER S A e NS SRS S PSS R m e m e S nnmnnbannres €0.01 meg/L

BAONE i sessiiiinsesninssns i ssssssarsanss i ansne Ko s hia sssnpmpsinsate 81.82 meg/L

Cation/Anion Difference.......... e SN S e 0.99 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
"Standard Methods For The Examination Of Water And Waste Water”, 1th ed., 1295.

Comments:
@ -
Reported by K9B Reviewed by_. ﬂ#’




EEEREE s e wr ey E—— o —————l Sl 0 P

2506 W. Main Streer
Farmangton, New Maexca 87401

“lient: BHP Minerals . -
oject: Navajo Mine-Table 4 " Date Repori=d: 01/11/96
ample ID: Bitsui 24 Date Sampled: 01/02/96
Laboratory ID: 0326W00004 Time Sampled: 14:45
Sample Matrix: Water Date Received: 01/02/96
Condition: Cool/intact

Trace Metais
Aluminum.. <0.1 mg/L
Arsenic.. - <0.005 ma/L
Barium. » 2.96 ma/L
Beryllium <0.005 mg/L
Boron 1.01 mag/L
Cadmium..... <0.002 mg/L
CRIOMIUM......coviniiiiinnsaninnns NA mg/L <0.02 mg/L
LObBAl . sssasaiass <0.02 mg/L
.opper .................................... <0.01 mg/L
Iron..... o <0.05 ma/L <0.05 mg/L
T e e o <0.005 mg/L
Manganese..........ccoreeerereneennns <0.02 mg/L <0.02 mg/L
MErCUrY...ccoceeeceretiecinmenisnsrans <0.001 ma/L
Selenium. . <0.005 mg/L
Silica i aniihnissao 4.38 mg/L
Silver..... - <0.01 mg/L
ZINCiiiis s <0.01 mg/L
Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1283.
"Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1995.
Comments:

o '
»
Reported by C;B Reviewed by_,__ @f-




lnter-Mountain Laboratorles, Inc.

Zlient BHP Minerals
.ﬂrcject Navajo Mine-Table 4

Sample ID: Bitsui 3-4

Laboratory ID: 0396W00001

Sample Matrix: Water

Condition: Cool/Intact

2508 W. Man Sureer
Farmington. New Meaco 87401

Date Reported: 01/11/¢6
Date Sampled: 12/29/85
Time Sampled: 10:25

Date Received: 12/28/95

Paramet _

Lab PH...covvmrerreamsnsssamsnsasenneess 76 s.u.

Lab Conductivity @ 257 C...cocvucurennmnnsseenes 12,600 umhos/cm

Total Dissolved Solids @ 180°C........ccceuue 8,140 ma/L

Total Dissolved Solids (CalC)......cccuavverenene 8,030 mg/L

Total Alkalinity as CaCO3......oermviencniseanens 2,400 mg/L

Total Hardness as CaCO3....ccomcimnncucncnes 104 mg/L

Ortho Phosphate 0.11 mg/L

SUIIAR..cneoecrrermmrensmsrassarassseanarsnsssmsasasasssssses <0.01 mg/L
Bicarbonate as HCOS3....cveimricannaesennae 2,920 ma/L <0.01 meg/L
Carbonate as CO3 0 mg/L <0.01 meg/L

. Hydroxide @s OH.....ccieommmmmnrmsemrnsaenieses 0 ma/L <0.01 meqg/L

FIUORIR. .. veenreameeemsrnaenersasssssmsamsassensnsnens 1.27 mgiL 0.07 meg/L
Chloride 2,810 ma/L 79.2 meq/L
Sulfate 509 mg/L 10.6 meg/L
Nitrate as NIitrogem.......ccoeiermmnenssnsancas <0.05 mg/L <0.01 meg/L
Nitrite as Nitrogen <0.05 mg/L <0.01 meqg/L
CalCiUM...ccciecererenrearraanssrmsessamesssnsassanees 25 ma/L 1.23 meg/L
MEGNESIUML.uceisenseressssssrmssmsnssananrassenes 10 mg/L 0.85 meg/L
POtaSSIUM..ccoeierernrensnsassnssressesmnasesensanes 9.8 mg/L 0.25 meqg/L
Sodium........ 3,230 mg/L 140.6 meg/L

CBtIOMNS. . evecemsemasamssonesssssnsasseasensasasssseanssssnmmmssssramasmsssansasssessnsssssassasasanss 142,24 meq/L

ATUIOMIS. o ncaeesasessrsssmmsssssstassssssmassssesassasssssssasmessss s sussasasasmaraaas st s bttt SRS 137.78 meq/L

.................. 1.84 %

Cation/Anion Difference.......

Reference:

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.

»Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1995.

Comments:

Reported by \%

Reviewed by _y 0#




inter-iliountalin Laboratories, inc.

2506 W. Main Street
Farmington, New Mexico 87401

~lient: BHP Minerals
Jject: Navajo Mine-Table 4 " Date Reported: 01/11/96
.ample iD: Bitsui 3-4 Date Sampled: 12/29/95
Laboratory 1D: 0396WO00001 Time Samgled: 10:25
Sample Matrix: Water Date Received: 12/29/95
Condition: Cool/intact

Trace Metais

Aluminum........... <0.1 mg/L
ArSBRIC: e wi ¢ <0.005 mg/L
BafUMI.....ccoinsnmessnsamsnssesssarsenans 0.36 mg/L
Beryllium......ccocoieecenmnecnncnnes <0.005 ma/L
Boron.......... 1.08 mg/L
CadMiUM......ccvnrameernmmaniacsasanns <0.002 mg/L
Chromium NA ma/L <0.02 ma/L
. ObaM. e v scsresntarrseenratasnses <0.02 mg/L
.opper.... . <0.01 ' mg/L
fron AR <0.05 mg/L 0.18 mg/L
Lead <0.005 ma/L
MaNganese......coeeeerisescssisarianss <0.02 mg/L <0.02 mg/L
MEICUNY..ccctrninrramssrmsssnssssssnsnn <0.001 mgiL
Selenium s <0.005 mg/L
Silica A . 4.96 mgi/L
Silver.. <0.01 mg/L
Zin........ <0.01 - mgiL '

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
»Standard Methods For The Examination Of Water And Waste Water”, 1Sth ed., 1995.

Comments:

O '
»
Reported by é@ Reviewed by_, W




Inter-Mountain Laboratories, Inc.

Slient:

. Project:

Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals

Navajo Mine-Table 4

Bitsui #4
0396W00117
Water
Cool/Intact

2506 W. Main Street
Fareringtan, New Menco 87201

Dzte Rezensd: 02/15/96
Date Samgled: 01/26/96
Time Samcieg: 15:30

Date Recsived: 01/26/S6

ult

o] 6.9 s.u.

Lab Conductivity @ 25 C...euevereerecererscernn. 16,700 umhos/cm

Total Dissolved Solids @ 180°C................ *15,000 ma/L

Total Dissolved Salids (CalC)....cceeeevrinrennns *15,500 mga/L

Total Hardness as CaCO3........ccveiecienanen 576 ma/L

Total Alkalinity as CaCO3......ccccvecmeciiinenen 1,440 ma/L.

Ortho-Phosphate........coueeecececiiiciicennnennn, 0.02 ma/l

SUIIAR. ..o ceeeererrereeeenaracssssmsranrannsnsesaanees <0.01 mg/L
Bicarbonate as HCO3....ooooiiiiiiieeee 1,760 ma/L <0.01 meg/L
Carbonate as COJ....eerccriceeiciiinicnins 0 mg/L <0.01 meq/L
Hydroxide 85 OH....cooceeeiinnnniinicnnnnnnne. 0 ma/lL <0.01 meq/L
Elugnide . oty 0.29 mg/L 0.02 meg/L

 CHIOTTR: c.ccccuiiacasassroanannrmsnamsnmssssmtumnsnsss 634 mg/L 17.8 meq/L

SUITELE . socscrssmnsnmsissavesrsans sesamnmmanan smnpaass 8,640 ma/L 180 meqg/L
Nitrate as Nitrogen........ccoeeeeueeee. 0.09 ma/L 0.01 meqg/L
Nitrite 25 NItrOGeN....c.ceverreserrrsressesenes <0.01 mg/L <0.01 meg/L
CalCiUM...ceieeeccrrecccnrmenme et 15 ma/l. 0.73 meqg/L
MagnesiUm.......ccoemeencrerecensnerescenecnene 131 mg/L. 10.8 mea/L
POtasSiUM.....coeevuereeescacnensrniinenirressnnnanane 538 mg/L 13.8 meg/L
SOGIUM.ccceveeiirererieeererennnencsnennenesacanens 4,650 mg/L 202 meq/L

CAHONS. .o veeeeeesesurerrosasseasessesssasorsonsisssasantraseinsemsssssantssssserssseeranrasstasssassannnssassatons 228 meg/L

AAHONIS . eveeeresvesrseesarasnesasmsoratosssssstestassssrsssssatrasssessstensrnsstossssersssssnnntasssassacnrestsosan 227 meg/L

CationN/ANION DIffErENCE. ... eeeeeeceeceeeeeee e rer e revtesresessseesssssssnessosnnressnasansnsrasans 0.19 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
*Standard Methods For The Examination Of Water And Waste Water”, 1¢th ed., 1985.

Comments: *TDS ratio does not meet normal criteria for balancing. Sample was reran several times with no

significant change in result. Matrix interferences are suspect. »

Reported by_‘(%

Reviewed by_\ W



Inter-Mountain Laboratorles, Inc.

2506 W. Man Street
Farmingion, New Menco B7aQ1t

lient: BHP Minerals

roject: Navajo Mine-Table 4 Date Reporied: 02/15/96
Sample ID: Bitsui #4 Date Samgpled: 01/26/¢6
Laboratory 1D: 0396W00117 Time Sampiec: 15:30
Sample Matrix: Water Date Received: 01/26/56
Condition: CooliIntact

Trace Metals
AUMINUM. . ccerinesaseesneseas <0.1 mg/L NA ma/L
ATSENIC....ccrcreriiianiennnraemneanssns <0.005 mg/L : NA mg/L
Barium....cveerereenmsessransnsssans 0.03 mg/L NA mgl/L
Beryllium. . s <0.005 ma/L NA mg/L
BOrON...coieeririrrnsereessnmsanssarnas 1.71 mg/L NA mg/L
CadmiUM....coccevrcmimmssnciasnmanson <0.002 mg/L NA mg/L
SRIOMIUML.cciecnrsrerimrnneassnareens NA mg/L <0.02 mg/L
Bba s <0.02 ' mg/L NA mg/L
COPPE.cceeirirsusnasirnamsssinenneas <0.01 : mg/L NA mg/L
[ | P P e, <0.05 ma/l 4.67 mg/L
LE8M.. o eeeerresnsrnsesenesnasnsnisses <0.005 ma/L NA mg/L
Mangarnese........cvcmrmsmesenssens 2.40 mg/L 2.41 mg/L
MEICUIY. e csrrrreeereeieanassan e <0.001 ma/L NA mga/L
SeleniUm....croeireesninnnenes <0.005 ma/L NA mg/L
SilICA.ureeereneiarersnarisnmrnnssmasamnsnss <0.01 ma/L NA mag/L
SHVET . ceeeeerriesreremssreenersnsmsseas <0.01 mg/L NA mg/L
Ao [+ T T 0.03 mg/L NA mg/L
Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
»Standard Methods For The Examination Of Water And Waste Water”, 1th ed., 1995.
Comments:

.Reported by C% Reviewed by_ M_//



Inter-Mountaln Laboratories, Inc.

lient:
.roject:
Sample ID:
Laboratory 1D:

Sample Matrix:
Condition:

BHP Minerals
Navajo Mine-Table 4
Bitsui 4
0396W00177

Water

Cool/lntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2506 W. Mawn Sureet
Farmington, New Meuco 87401

02/28/26
02/12/86
1125
02/12/56

<0.01
<0.01
<0.01
0.02
12.72
138.1¢
0.0e
<0.01

14.30
10.28
0.55
167.50

192.63
176.83

4.28

meg/L
mea/L
meg/L
meg/L
meqa/L
meaq/L
meg/L
meq/L

meg/L
meg/L
meg/L
megq/L

meg/L
meg/L

%

I\ I o1 - SRR R U 7.1 s.u.
Lab Conductivity @ 25° C..coevrerirnmrnecnnnans 14,400 umhos/cm
Total Dissolved Solids @ 180°C.....cevvvenee 13,100 mg/L
Total Dissolved Solids (Calc).....cvevureiranes 12,200 mg/L
Total Alkalinity 2s CaCO3.......ccoovmmricnianen 1,240 mg/L
Total Hardness as CaCO3......cooeeiirinenns 1,230 mg/L
Ortho PhOSPhELE.........ooemenucnciimrnssanseassces 0.39 mg/L
SUIIAC...cceereereensrerisrerenmans s S ma/L.
Bicarbonate as HCOS.....oocceeviviennrienens 1,510 mg/L
. Carbonate as CO3....evrmrmrmsssasnesininane 0 - mg/L
Hydroxide a5 OH..cocoiciiiminicnciniennenenes 0 mg/L
Fluoride.... I = e 0.33 mg/L
ChIOMTE. c.veeiereererresasenernmsariesnsmssssnssnssrass 451 ma/l
SUIBER. v meerrersersessssnetesasamsiannsansanse 6,680 ma/L
Nitrate as Nitrogen......cccveaemisiarnssnsns 1.2 mag/L
Nitrite as NItTOgeN.....cccivmrrresirensaresinrrnenss <0.01 mg/L
CalCIUM...ceecnrcrreinrsssassaneseressmsnsssessassinnas 287 mg/L
MEGNESIUM....errecrarrnessnrressissssssssassssssases 125 mg/L
POtASSIUM..cocererreereressanmsssnesissssrensssansass 22 mg/L
[YeTo 110111 MRS ORURROT R R 3,850 mg/L
CBtIOMS o eaunereemrrsmrmasmseesssssamsssensnensssssasasssmsensistssssenaness
ATHOMS. .oovnverveessmmsesssasmassasasseissssesbssassastssessarerasasn s ossua LatasasmatE IRt E St s 00000
Cation/Anion DiffereNCe......cceereisisrmmnnsasssscsasanssncassasass
Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.

. Comments:

"Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1985.

Reported by__, Qﬂ/

Reviewed by giﬁ



Inter-Mountain Laboratories, Inc.

“lient: BHP Minerals

~roject: Navajo Mine-Table 4
.Sample 1D: Bitsui 4

Laborataory 1D: 0398W00177

Sample Matrix: Water

Condition: Cool/intact

Date Reporied:
Date Sampled:
Time Sampled:
Date Received:

2506 W. Main Street
Farmingron. New Mexico 87401

02/28/96
02/12/96
1125
02/12/96

Trace Metals

AR s <0.1
ATSENIC. cisiccsuissvies ssivoncsnres <0.005
Baniims e wasismeis <0.5

Beryllium.....coeereiiiinesacaaens <0.001
BOMOM....eervenanasrmrasrsennnnmsassnmssans 1.49
Cadmilm e iicsmiimmmasse <0.002
CRIOMIUM L ceeeserreeenssassannsessennns NA
OB cvve sommsmsasnenses <C.0%

.Copper <0.01

PO sssimesnmmsmsnesonnsntsissannans srane 0.06
Lead..vivsmimiiipi i <0.005
Manganese.......ccvveeresescennennes 3.18
METCUIY .cceiiriranrrsrresassnnsnsasssnes <0.001
SeleniUM. . ueereeerereenrssacsannanenaans <0.008
SHCH. csvimsvsimmsnimsnansrsassmssons 4.27
SHVEL. et iiaerecerssansransnnssamsnanns <0.C1

ma/L
ma/L
ma/L
mg/L
g/l
ma/L
ma/L
mg/L
ma/L
mag/L
mg/L
mg/L
mag/L
mgfL
ma/L
mg/L

0.04

16.6

3.35

mg/L

mg/L

mg/L

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
vStandard Methods For The Examination Of Water And Waste Water”, 15th ed., 1995.

Comments:

Reported by_, Q@’

Reviewed by ‘5‘5




later-Mountain Laboratories, Inc.

Jlient:
.’roject:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals
Navajo Min&-Table 4
Bitsui 5
0396W00185

Water

Cool/intact

Date Reccried:

Date Samclec:
Time Samzled:
Date Receivecd:

2506 W. Main Streer
Farming:on, New Menco 87201

02/28/56

02/13/26
1420

02/13/96

Lab pH.ooeecicieecranne

7.4

Lab Conductivity @ 25° C...rveeeeerrirennreneans 13,000
Total Dissolved Solids @ 180°C......cccccce. 10,300
Total Dissolved Solids (CalC).mwueemmmiiinnainn. 10,200
Total Alkalinity as CaCO3........cccornrcninienee 2,600
Total Hardness 2s CaCO3....eiiiiieciannnce. 304

Ortho Phosphate......

SUIIAR ..o cbiocisisbsibemsnatsiatit e vasisdmvevato vy

.................................. 0.01
<0.01

Bicarbonate as HCO3.......ccccemveerrennane 3,170

. Carbonate a5 CO3...cccivrmmmsicasernssnsannaas 0

Hydroxide as OH.

0

sassssmssanEvmmans

FIUOHOR i i vmnsssiuiisasaisinsnsi sovssnasisnnn 1.0

CRIOMIAE. caveevierireeiereeeenrmasmssssssssansinssnnans
SUIFBEE. . cveeeeecriveiraereerresnnrnnsssssssarssansassns

1,330
3,550

Nitrate as NitrOGeM...cccvveerrrrremnescensraennane 0.01
Nitrite as NItrogen.......ccoeveesrnrrisenssinnns <0.05

CalCIUML...... ot v
[V ETa [T 111y I S
POtaSSILM. it sminssisinssicasinssasenvisssan spsons
SOMIUMTiccciciuiasivomisasisimvsrmrssasomasnmmsamnnnsas

CAtIONS. c1esverreesemeemsssassssaseseassas s emsaesmeberseatsab s am e A s e s s e s e A S e s e s e n s s e R R Se R e s S s e
AANIOMIS. o vsessseemenscsnessessrassssssasnsessnmtasns sbssestsasscan saaneaaaar s s s g s aasennr e r e sa R LS s RS s s n s n e nnen

Cation/AnION DIffererCe. .. e ciiiiitiisins s sas s s rae s me s ssss s s s s s s s e e ans

Reference:

. Comments:

72
30
16
3,630

S.u.
umhos/cm
ma/L
ma/L
ma/L
mg/L
mg/L
mag/L

ma/L
ma/L
mg/L
ma/L
mg/L
mg/L
mg/L
mg/L

ma/L
mg/L
mo/L
mg/L

<0.01
<0.01
<0.C1

o
n
W

-1 {0
.
wn
dx

A
OO w
o o
Mt O,

A

2.4%
0.42
1£8.00

164.48
163.92

0.17

meg/L
meg/L
meg/L
meag/L
meq/L
meag/L
meg/L
meqg/L

meqg/L
meg/L
meg/L
megq/L

meqg/L
meq/L

%

U.S.E.P.A. 600/4-79-020, “Methods for Chemical Analysis of Water and Wastes", 1983.
*Standard Methods For The Examination Of Water And Waste Water”, 1Sth ed., 1995.

Reported by M

—

Reviewed by 543




Inter-Mountain Laboratorles, lnc.

slient: BHP Minerals
.Jroject: Navajo Mine-Table 4
Sample {D: Bitsui 5
Laboratory ID: 0396W00185
Sample Matrix: Water
Condition: Coolfintact

Date Repcried:
Date Sampled:
Time Samglec:
Date Receiveg:

2506 W. Man Sireet
Farmington, New Mesico 87201

02/28/S6

02/13/56
1420

02/13/26

Trace Metals

AU e <0.1
ACSBRIC ocinsssiiizes ivvvistasssss <0.005

BariUmmy, o covcvivasaiaisiminisiasia <0.5
Beryllium.....ooeriieneicencans <0.001
2721 { o)  FORLY RSO 1.10
CadmilmM....cccceummmmmrrmenmascnsassas <0.002
ZhIOMIUML L eccereaeeererernennsanes NA
Coballcnamnimaaniias <0.05
.Copper <0.01
7] 1 O R 0.48
Lead...ccceremremrerecnssnensesanananes <0.005

Manganese.....ccccvvveeceessssnnacens 0.41
METCUTY....ccvueremensmnmesrmssanmsnsnacns <0.001
SeleniUM. .. coeiiieeinirrenasnananes <0.005
Sillea.cosnnanammais 4.45
SHIVEF . v ceeereriecreressarsseranesas <0.01

ma/L.
mg/L
ma/L
mga/L
mg/L

ma/L
mg/L
mg/L
mg/L
mg/L

‘mg/L

mg/L
mg/L
mg/L
mg/L
mgfL

<0.02

2.05

0.41

malL

mg/L

ma/L.

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
“Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1995.

Comments:

Reported by___{_ ,&r

o
Reviewed by OB




.’roject:

Iater-Mountain Laboratorles, Inc.

BHP Minerails
Navajo Mine-Table 4
Bitsui 6
0396W00178
Water

Cool/intact

_lient:

Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

2506 W. Main Street
Farmington, New Menico 87201

02/28/26
02/12/86
1418
02/12/26

Dzte Reperied:
Date Sempled:
Time Samgled:
Dzate Received:

LBD PH.ooeneesrecsseessnsmseesssessassaserssesssssmnsassssss 7.1
Lab Conductivity @ 25° C...cccoeeiirnmniionnns 14,300
Total Dissolved Solids @ 180°C........ce.c.. 13,200
Total Dissolved Sclids (Calc)......ccoeeveieenvee 13,100
Total Alkalinity 2s CaCO3.....cvriiemrcaniens 1,180
Total Hardness 2s CaCO3......ccciveevicnanns 1,470
Ortho Phosphate......cocccererreeaccansiiimnsnisne 0.33
SUIIAE. e eeeeeceneeieassssessssrenansssaaseransseesans <0.01

Bicarbonate as HCO3....ccceireieninnnenains 1,440
Carbonate as CO3...iiiinniienisiinns 0
Hydroxide as OH.....cconnnimiiisenacnns 0
= [ o T |- USSP 0.30
(0] 3115 o[- NSO URR ORI 392
SUALE sttt s s 7,690
Nitrate as Nitrogen........cceeevsrmeniescnenns 6.2
Nitrite as NItrogen. ...cccovemiersmressessaencenns <0.05

CalGiUMaeeeeereciiccivrrrresemerssssssassresaasssanans 327
MagNeSIUM. ..coiimecr et 158
POtaSSIUM. c.orvuvacecnrarmesrmsssesssnsnssasaenes 24
SOAIUM e renveerrrmeesreaeseasrrrremssaessassaesssnnes 3,780

Lo 1= x T OO OOV ST OIR SO PO E RS
ATIONIS. . cosressesseraseesaaaesesanassnetrancaesaesasaaansntassne s n e e n i et b s e SAn S AL e s a st

Cation/ANION DIffErBMCE. . corerieieriniesis s sare it reas s s sis st s sbe s et a sy

Reference:

s.u.
umhos/cm
ma/L
mafL
mg/L
ma/L
ma/L
ma/L

<0.01
<0.01
<0.01
0.02
11.05
160.22
0.44
<0.05

megqg/L
mea/lL
meqg/L
mea/L
mea/L
meg/L
meg/L
mea/l

ma/L
ma/L
mafL
mg/L
mg/L
ma/L
mg/L
ma/L

186.24
12.¢8
0.62
164.30

megiL
mea/L
meg/L
meg/L

mg/l
ma/L
mag/L
mg/L

184.24
195.32

meq/L
meq/L

=

0.28

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.

*Standard Methods For The Examination Of Water And Waste Water”, 1Sth ed., 1895.

Comments:

Reported by /‘%

Reviewed by &B




Inter-Mountain Laboratories, Inc.

2506 W, Main Street
Farmingon, New Mexico 87201

Jent: BHP Minerals
oject: Navajo Mine-Table 4 Dzte Reporiez: 02/28/26

Sample ID: Bitsui 6 Dais Sampled 02/12/96
Laboratory ID: 0396W00178 Time Samples: 1418
Sample Matrix: Water Date Received 02/12/96

Condition: Cool/intact

Trace Metals

AlUMINUM..cooeiiinnmeeeenreeeaee <0.1 mg/L
ATSENIC vssssmsmssaivises nesssmrvsvmnse <0.005 mg/L

= 7=T30] LSRR <0.5 mg/L
Beryllium. ..ot <0.001 mg/L
BOMOM. ceeeeaeerreeecerersssssssmensnsnes 1.57 ma/L

CadmMitim. cocuiiivsisvensonssssnanen <0.002 mag/L
ORI, s NA mg/L 0.04 mg/L

OBEM .. cssssressiisasrarsanamnns <0.05 mg/L

Qopper <0.01 mg/L
ITON.c.ccsismsnisirennissnnransnsonsensracse <0.05 mg/L 20.0 mg/L

Lead. .. <0.005 mg/L

MaNganese........ccucvmmmraeesseacans 3.26 mg/L 3.55 mg/L

METCUIY. iuivecisiaieisiscseiainsdasaons <0.001 mg/L
SeleniUm... e ieccsinannasessnnnas <0.005 mg/L
SillEg:iuiniaisssianemneimmnmsss 4.28 ma/l
SHUVET, onrercernerecsissiidiosiasasiniin <0.01 ' mg/L
7| o T R 0.05 mg/L

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.
"Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1985.

Comments:

@ '
»
Reported by M Reviewed by %




Iater-Mountain Laboratorles, Inc.

Client: BHP Minerals
Project: Navajo Mine-Table 4
Sample 1D: Bitsui 4-1

Laboratory ID: 0396W00600
Sample Matrix:  Water

Condition: Cool/lntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2506 W. Man Street
F gron, New M 87201

05/03/96
04/10/26
13:45
04/10/96

Lab PH..oivrrerecemrreennsnsrseimmmessssneressssanee 7.1 s.u.
Lab Conductivity @ 25° C....cccvvvvveeen 16,500 umhos/cm
Total Dissolved Solids @ 180°C........ 13,800 mg/L
Total Dissolved Solids (Calc)............ 14,000 ma/L
Totai Alkalinity as CaCOi................. 1,350 mg/L
Total Hardness as CaCO3........cccc..... 1,080 mg/L
Total Phosphate......ccovemeeerrerrsccrresee <0.01 mg/L
BUIAE:, .o iR <0.01 mg/L
Bicarbonate as HCO3.................. 1,650 mg/L 27.0 meg/L
Carbonate as CO3....uueervvvearennnne <1.0 mg/L <1.0 meag/L
Hydroxide as OH......c.cccivienennnenns <1.0 mg/L <1.0 meq/L
Fluonidé...cccmnninmisnsamminisi 0.33 mg/L 0.02 meqg/L
Chloride............ 651 mg/L 18.4 meq/L
SUIfELR...ceeeemeeersroremrrsreeervresriraanenns 7,860 mg/L 164 meqg/L
Nitrate as Nitrogen.....ccveereiiiencenan. 1.17 mg/L 0.08 meq/L
Nitrite as Nitrogen.....coceeeieeenrennsee 0.05 mg/L <0.05 meq/L
CaleiiMiunsmssiannrsssssas 231 ma/l. 116 meq/L
Magnesium.... 123 mg/L 10.1 meg/L
POESSINMrmsasssssemsammamanssasmmime 19.2 mg/L 0.49 meqg/L
BN vefulammmommm s 4,280 mg/L 186 meq/L
CaliONS.. e ceeeeerssasansstmarssnsnsrnsirrnetrianassssssassstasnnesssrasaessssssbebasanaasntsvsnsasss 208 meq/L
ATIONS e nnapssnmisnsiiisiviaaismsitoisdtssarss s sl sk s e ee S oA o s ST AR SVl 209 meq/L
Cation/ANIoN DifferBnCe . iiiiiiriinciriiresiiaiisssssssnassnssssrsnssasasssssssasases 0.23 %
Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.
"Standard Methods For The Examination Of Water And Waste Water", 19th ed., 1995.
Comments: Electrical conductivity and TDS reanalyzed with no significant difference.

Reported by b P\

Reviewed by ‘ww""a




Inter-Mountain Laboratorles, Inc.

Client:

Project:
Sampie ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals

Navajo Mine-Table 4

Bitsui 4-1
0396W00600
Water
Cool/lntact

Date Reported:
Date Sampled:
Time Sampled:
Date Received:

2EQE W Main Street
Farmingion, New Mexico 87407

05/03/€6

04/10/86
13:45

04/10/86

Trace Metals

.........................

..............

...............

........................

..............

...............

ChromMiUM. e rrsernsanses
Cobalt.......occccenrrnrrecsesncsens

..............

Manganese........

...............

T LT 1]

Selenium............

Silica......ccoienienna

..............

S 11 R R e

Reference:

0.59
<0.005
0.02
<0.001
1.54
<0.002
NA
<0.05
<0.01
0.26
<0.005
2.66
<0.001
<0.005
6.47
<0.01
0.02

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mag/L
mg/L

0.03

4.21

2.52

mg/L

mag/L

mg/L

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
~Standard Methods For The Examination Of Water And Waste Water”, 19th ed., 1995.

Reported by L\) m

»

Reviewed by chﬁ-




Inter-Mountain Laboratories. Inc.

2506 W. Main Street
Farmingian, New Menco 87201

aient: BHP Minerals
.’roject Navajo Mine-Table 4
Sample ID: Bitsui 5-1 Date Regerisd: 05/10/96
Laboratory 10: 0396WO008CS Date Sampied: 04/11/96
Sample Matrix: Water Time Samgisd: 15:15
Condition: Cool/Intact Date Receives: 04/12/¢6

Lab PH..ccveinrrrsmmmmammssssnssssnsasmssssassssasisnens 7.5 S.u.

Lab Conductivity @ 25° C.uorvereriininrinnnees 14,200 urmnhos/cm
Total Dissolved Solids @ 180°C.......c.ceen 10,600 mg/L
Total Alkalinity a5 CaCO3....cccmreiinviinanens 2,530 ma/l
Total Hardness as CaCO3......ccemeeninnnn 262 ma/L
Total PhOSPhOTOUS.....cccvumemeiermsieinssrnsines <0.01 ma/l.
Sulfide.....ccvveemmcerieens 2.8 mg/L.

Bicarbonate as HCO3.....ccceeninennnne 3,090 ma/L £0.6 megq/L
Carbonate as CO3.....veiiiiniiiimsneeininies <1.00 mg/L <1.C0 meq/L
. Hydroxide @s OH......cocmiininiiiianenens <1.00 mg/L <1.00 megq/L
FIUOMGE. ..crerrerremmaniassrrtnesenessssnsansassannes 1.04 mg/L 0.05 meg/L
CRIOTAR. . .nveeererseemssnenssansmecsnssnsnasssnsnsassss 1,210 ma/l 324.1 meg/L
SUIFAEE. . cccrrreerecrmrssiesssenrsressnssmisnasssareass 4,060 mg/L 846 meqg/L
Nitrate as Nitrogen.......ccoveiivcmrersriansenss <0.05 moa/L <0.03 meg/L
Nitrite as NitfOgeM....ccccvammesresneisnrannsas <0.05 ma/L <0.05 meqfL

[Je]
e |

meq/L
meg/l
meqg/L
meg/L

CalCiUMcceiceeeesesnnasnsssransmnsnssssnensanas 59.5 mg/L
Y T L L= 1 I 27.5 mg/L
POtASSIUMLccrreerecreesesramsnenstsssssinnsassnaanes 14.1 ma/L
SOQIUM. .o veeeneemrrrramnsrsassssnsnssasasssssisacaes 3,830 ma/L

onN RN
[N
(91]

-
o 2
et}

}]

-
=i
N

CRHIONS.....cveueersasaemssemsassensesorssassatassssnssassrsnss st asesaasssatasmassssisatstssentnsronsssnssiassstasests meg/L
ATVIOTIS s seessessenssessenssstssbessiasssasssshsssse b LS s SRR AR ST SRR 169 meq/L

CationN/ANION DIffErENCE......evuereesstrisssasmresss st smssss st 0.84 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983.
*Standard Methads For The Examination Of Water And Waste Water", 1Sth ed., 19985.

Commenta;.:
@ '
[ 3
Reported by W0 ) : Reviewed by e &:”[{Zm g




Inter-Mountain Laboratories, Inc.

Slient:

Project:
Sample ID:
Laboratory ID:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine-Table 4
Bitsui 5-1
0396WQ00609
Water

Cool/intact

Date Regeried:
Date Semcled:
Time Samgled:
Date Raceived:

2506 W. Mawn Stree:
Farringion, New Meuco 87401

05/10/96
04/11/¢5
15:15
04/12/56

Trace Metals

AlUMINUM...coeererieirrrenansareenas 0.11
ASENIC cuveistomsiiiinmis turinsivisvesse <0.005
BariUl .csisinmrissisiasisesunserinnis <0.5
Beryllium.....ccocieinnenannneneneas <0.005
BOMOM. . civiereaanensresassneneneesamsanne 1.13
Cadmilm...isuitaiineissaess <0.002
Chromium.....ccevveaseermmmeessansnnns NA
Cobalt.....nmam <0.05
COPPENciciacrnrrnranaesnannaas <0.01
7711 L PSR 0.31
7272 et P et <0.005
Manganese.............. 0.17
MEICUIY...ciiteererrenerrrsrnnssaassranes <0.001
SeleniUm...cccccveimrrireesneneimsenssens <0.005
[ T RO 5.17
SHlVEr. v <0.01

Reference:

mg/L
me/lL
mg/L
ma/L
mg/L
mg/L
mg/L
ma/L
mg/L
mg/L
ma/L
mg/L
mg/L
mg/L
ma/L
mg/L
mg/L

<0.02

1.83

0.17

ma/L

mg/L

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1983.

*Standard Methods For The Examination Of Water And Waste Water”, 1Sth ed., 19€5.

Comments: NA = Not Applicable

Reported by

LN

Reviewed by

TAL L 42 {
(A




Inter-Mountain Laboratories, Inc.

Slient:
.’roject:
Sample ID:
Laboratory ID:
Sampie Matrix:
Condition:

BHP Minerals
Navajo Mine-Table 4
Bitsui 6-1
0396W00610

Water

Cool/intact

2506 W. Main Street
Farmingion, New Meawco 87401

Date Rezcnsd: 05/10/26
Date Szmpied: 04/11/96
Time Samled: 12:32

Date Received: 04/12/26

Lab pH.... = 7.2 s.u.

Lab Conductivity @ 25° C.eovrrverenniiiaenns 15,100 umhos/cm

Total Dissolved Solids @ 180°C................ 13,300 mag/L

Total Dissolved Salids (CalC).cvveeranrinernnes 13,400 ma/L

Total Alkalinity as CaCO3......ccocrmnmeciacnns 1,230 ma/l.

Total Hardness as CaCO3....cciviviiinen 1,400 mag/L

Total PhOSPhOrOUS. ..ccererressessssissmnnesassnenss <0.01 ma/L

SUIIE.....ceerrrerereeemsssmtrarsneessmesssisssansanas <0.01 ma/L
Bicarbonate as HCO3...oeeiiciniiiiinns 1,500 mg/L 24€ meg/L
Carbonate as CO3....ooirieeiicenns <1.00 mg/L <1.00 meq/L

. Hydroxide as OH.....ccooemiricienmicnanns <1.00 ma/L <1.C0 meg/L

FIUOMHAE. ..vevvrereiescmnmrrrsmmmsesmsmmrssasssssssonsane 0.31 mg/L 0.c2 meg/L
CRIOHAE.......coerremeeeaeecninrsnsrasrneeaneinens 356 mg/L 10.0 meq/L
SUIALE. ..cveeeemrerrnmeeseensereemanssseessansnssnanas 7,920 mg/L 185 meqg/L
Nitrate as Nitrogen.......eeeeececneiiniiiincens 0.08 mg/L <0.05 mea/L
Nitrite as NItrogen....c.coeeveecceenninseainnins <0.05 mg/L <0.05 meg/L
CalCIUM. cveeeeerievicreersrrrnsessssssamssasensrenas 296 mg/L 14.8 meq/L
MagneSiUML....ccouvserseessmssssnsinesssassasinns 161 mg/L 13.2 meqg/L
POtasSiUM...ccciareessnserssnsensnressncnnssinnsnnnns 21.200 mg/L 0.5 meg/L
SOdiUM...cciierirreeransaraenes 3,940 mg/L 171 meq/L

CBlIOMNS . oneueseeeseessrsissesennansaseesassessssearsbassassrestasestrnstast st st sssssasasatssanmnasssas st sasssasarase 200 meg/L

ATHOMS e cveerrerereesseesseasssrressssnsssssnnassssinasnsssees 200 meq/L

Cation/Anion DIffErENCE. ... ccvrriirririeis et issaese st a s mss st st s 0.08 %

Reference: U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1283.

. Comments:

Standard Methods For The Examination Of Water And Waste Water”, 18th ed,, 1985.

Reported by \Q‘{\

7
Reviewed byQM_LJ_uQ



Inter-Mountain Laboratorles, Inc.

lient:

roject:
Sample ID:
Laboratory 1D:
Sample Matrix:
Condition:

BHP Minerals
Navajo Mine-Table 4
Bitsui 6-1
0396W00610

Water

Cool/intact

Date Repcried:
Date Sampled:
Time Samgled:
Date Received:

2EQE 'W. Man Sireel
Farmingian, New Mexico 87403

05/10/c6

04/11/86
12:32

04/12/96

Trace Metals

PN T¥T; 1113 V72 U
DAEBBAIE - ovmmnsssassris
BEnim s snsasenaiasnramig
Beryllium......coiivmnnncaenns
= 7o ]4 5] y ORI
CadmiUumi...iveisiismiivivines
TRIOMIUM...ccereecreerceaiesreen e
Cobalt...ciswuiiasinisisais
.Copper
[ 75 EP S ————
Laad......cnnmasnaiaiaan
*Manganese..........coererenevnassanas
MEICUIY ...creemurarinsnmenrisamsasssesans
SeleniUM...ueeereeeeranresssanesarnes
Bl s annanmnnsnmnsems
L] 1E=] USSP

Reference:

' Comments:

Reported by

0.46
<0.005
<0.5
<0.005
1.47
0.011
NA
<0.05
<0.01
0.19
<0.005
2.73
<0.001
<0.005
579
<0.01
0.02

mall
ma/L
ma/L
ma/L
mag/L
mag/L
mg/L
ma/L
ma/L
mg/L
mg/L

mg/L
mag/L
ma/L
mg/L
mg/L

0.02

1.25

2.54

mg/L

mg/L

ma/L

U.S.E.P.A. 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes”, 1283.
»Standard Methods For The Examination Of Water And Waste Water", 1Sth ed,, 18€5.

Dissolved Mn > Total Mn, within range of laboratory error.

A5

Reviewed by /\W\Lﬂ e d -



APPENDIX D
D-5 ELECTRONIC DATA

BLANK APPENDIX

(Data originally submitted in June 1996 submission)

November 1996

BHP Minerals
Navajo Mine

Fruitland



APPENDIX D

ANALYTICAL DATA AND RESULTS

D-6 Water Quality Graphs

November 1996

BHP Minerals
Navajo Mine

Fruitland
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BHP Minerals Navajo Mine 06/02/99 Page 1

NAVASO MINE
BYP NAVAJO MINZ

1998 ANNUAL KYDROLOGY REPORT
GROUNDWATER GQUALITY REFORT

Aquifer: ASH

Station Name: BITSUI-1 BITSUI-1 3ITSUI-1 8ITSUI-1 BITSUI-1 3ITSUI-1
Sample Date: 03/01/55 24/27/9% 05/19/85% 10/18/95 01/02/96 04/09/96
LABORATORY MEASUREMENTS

pH {Lab) (S$.U0.) 8.70 8.80 3.80 B.90 8.80 8.90
Conductivity (Lab) {umho/cm} 17800 18100 25900 17800 17800 16600
TDS (180 deg C) (mg/1) 14200 14200 14200 14200 14700 13200
Boron (mg/1) 9.20 7.60 8.44 6€.98 8.30 10.20
Fluoride {mg/1} 2.60 2.64 2.71 2.51 4.39 2.18
NUTRIENTS

Nitrate as N (mg/1) 1.40 2.40 1.50 -0.01 0.73 -0.05
Nitrite as N (mg/1) -0.01 -0.01 -0.01 ~0.03 -0.05 0.20
Nitrate + Nitrite as N {mg/1) N N N N N N
MAJOR ANIONS

Bicarbonate as CaCO3 {mg/1) N N N N N N
Carbonate as CaCO3 {mg/1) N N N N N N
Bicarbonate as HCO3 (mg/1)} 1020.00 1160.00 1180.00 1010.00 837.00 866.00
Carbonate as CO3 (mg/1) 82.00 60.00 84.00 108.00 96.00 84.00
Chloride (mg/1) 1880.00 2050.00 2070.00 1950.00 1980.00 1800.00
Sulfate (mg/1)} 6780.00 6680.00 7100.00 6850.00 6990.00 6570.00
MAJOR CATIONS

Calcium {mg/1) 46.00 56.00 45.00 $6.00 63.00 270.00
Magnesium (mg/1) 28.00 34.00 29.00 27.00 32.00 119.00
Potassium (mg/1) 27.00 54.00 22.00 20.00 20.00 21.10
Sodium {mg/1) 4980.00 4970.00 4830.00 4860.00 5040.00 3980.00
Major Anions (meq/1) 213.75 218.08 228.47 217.77 218.36 204.56
Major Cations (meq/1) 221.91 223.15 215.32 216.92 225.51 196.92
Charge Balance {percent) 1.87 1.15 2.%6 0.20 1.61 1.90
TRACE METALS (Dissolved)

Arsenic (mg/1) 0.040 0.030 0.040 N 0.036 0.030
Chromium {mg/1) N N N N N N
Copper (mg/1) -0.010 N -0.010 N -0.010 -0.010
Mercury (mg/1) -0.00100 N -0.00100 N -0.00100 -0.00100
Silver (mg/1} -0.010 -0.010 -0.010 N -0.010 -0.010
Zinc (mg/1) 0.050 -0.010 -0.010 N -0.010 -0.010
Radium 226 {pCi/l) N N N N N N
Radium 228 (pCi/l) N N N N N N
Barium (mg/1) -0.050 -0.500 -0.500 -0.500 0.030 -0.500
Cadmium {mg/1) 0.0030 -0.0020 -9.0050 -0.0020 -0.0020 -0.0020
Iron {mg/1} -0.050 -0.050 -0.080 -0.050 -0.050 0.450
Total Iron {mg/1) 1.50 0.90 1.06 0.62 0.65 21.40
Lead {mg/1) 0.006 0.011 -0.050 -0.008 -0.005 -0.005
Manganese (mg/1) 0.110 0.0%4 L3100 0.080 0.100 0.2890
Total Manganese (mg/1) 0.14 0.11 0.11 0.07 0.10 0.57
Selenium (mg/1} 0.009 0.007 0.007 0.016 0.010 0.006

Note: N => No measurement
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BHP Minerals Navajo Mine
NAVAJC MINE

Aquifer: ASH

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab) ($.U.)
Conductivity (Lab) {umho/cm}
TDS (180 deg C) (mg/1)
Boron (mg/1)
Fluoride (mg/1)
NUTRIENTS
Nitrate as N (mg/1}
Nitrite as N {mg/1)
Nitrate + Nitrite as N (mg/1)
MAJOR ANIONS
Bicarbonate as CaCO3 (ma/l)
Carbonate as CaCoO3 (mg/ o)
B.. arborate as nlO? Vg
rarponate as .. (mg/1)
o {mg/1)
(mg/1)
MAJOR CATIONS
Calcium {mg/1)
Magnesium (mg/1)
Potassium (mg/1)
Sodium {mg/1)
Major Anions {meq/1)
Major Cations (meg/1)
Charge Balance {percent)

TRACE METALS (Dissolved}

Arsenic (mg/1)
Chromium (mg/1)
Copper (mg/1)
Mercury (mg/1)
Silver (mg/1)
zinc (mg/1)
Radium 226 (pCi/l)
Radium 228 {pCi/l)
Barium (mg/1}
Cadmium (mg/1}
Iron (mg/1)
Total Iron (mg/1)
Lead {mg/1)
Manganese (mg/1}
Total Manganese (mg/1)
Selenium (mg/1)

Note: N => No measurement

2ITSUI-1
2§/21/96

56.50
11.70
2.35
120.00
9.21
9.06
0.82

-0.005

-0.0100

-0.010
-0.050

0.050

-0.0010

0.030
0.12
-0.005
0.020
0.02
0.006

8HP NAVAJO MINE
.3%8 ANNUAL HYDROLOGY REPORT
SROUNDWATER QUALITY REPORT

BITSUI-1 BITSUI-1 3ITSUI-1
09/27/96 12/12/96 03/12/97
8.90 N 8.90
19300 N 19200
15300 N 15400
8.75 N 8.01
2.62 N 2.81
0.24 N -0.05
-0.05 N N
N N N
N N
N N
taws "0 B 1190.00
120.00 91.90
2310.00 ~023.00
7460.00 N 758c "N
51.10 N 51.60
31.50 N 33.60
18.40 N 22.30
5180.00 N 5077.00
242.53 N 237.61
230.93 N 226.74
2.45 N 2.34
-0.00S N 0.310
N N N
-0.010 N -0.010
-0.00100 N -0.00100
-0.010 N -0.010
-0.050 N -0.050
N N N
N N N
0.030 N 0.040
-0.0010 N -0.0010
0.250 N 0.400
0.67 N 1.21
-0.005 N -0.005
0.120 N 0.140
0.11 N 0.14
0.006 N -0.005

4 of 39

BITSUL-1
06/17/987

Z 2 3% % Z

Z 2 =2

Z 2 Z 4 4 2

7% B 2 Z =2

z oz

oz oz Z 2% 22 Z 2% 2%z 72z

06/02/99

BITSUI-1
10/01/97

8.80
18500
15000

N

N
938.00
92.00
1980.00
7040.00

a0
30.70
3.00
5050.00
220.89
225.48
1.03

0.032
N
-0.010
-0.00100
-0.010
-0.020
N
N
0.030
-0.0010
0.210
1.64
-0.005
0.190
0.03
0.005

Page Z



SHP Minerals Navajo Mine

NAVAJO MINE

Aquifer: ASH

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab) (s.u.)
Conductivity (Lab) {umho/cm)
TDS (180 deg C} {mg/1)
Boron (mg/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N (mg/1)
Nitrite as N (mg/1)

Nitrate + Nitrite as N (mg/l)

MAJOR ANIONS

Bicarbonate as CaCO3 (mg/1)
Carbonate as CaCO3 (mg/1)
Bicarbonate as HCO3 (mg/1)
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)

MAJOR CATIONS

Calcium (mg/1)
Magnesium (mg/1)
Potassium (mg/1)
Sodium (mg/1)
Major Anions (meq/1)
Major Cations {meq/1)
Charge Balance {percent)

TRACE METALS (Dissolved)

Arsenic (mg/1}
Chromium (mg/1)
Copper {mg/1)
Mercury {mg/1)
Silver (mg/1)
Zinc (mg/1}
Radium 226 {(pCi/1)
Radium 228 {pCi/1)
Barium (mg/1)
Cadmium (mg/1)
Iron (mg/1}
Total Iron (mg/1})
Lead (mg/1)
Manganese {mg/1)
Total Manganese (mg/1)
Selenium (mg/1)

Note: N =»> No measurement

BITSUI-1
01/20/98

8.90
24900
15200

9.52

2.49

N
765.00
170.00

1830.00
6450.00

65.60
32.50
16.30
3750.00
204.12
169.48
§.27

0.029
N
-0.010

-0.00100

-0.010
-9.020
N
N
0.030

-0.0010

0.200
0.22
-0.008
0.249
0.26
-0.005

BHP NAVAJC MINE
1998 ANNUAL HYDROLCGY REPORT
ZROUNDWATER QUALITY REPORT

3ITSUI-1
£3/26/98

8.80
19600
14600

12.10

2.74

-0.05

N

N
950.00
86.00
1750.00
6200.00

52.00
28.00
21.00
4360.00
196.89
195.09
0.46

-0.005
N
-0.010
-0.00100
-0.010
-0.025
N
N
0.040
-0.0010
0.350
0.56
-0.005
0.391
0.41
~0.005

5of 39
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BHP Minerals Navajo Mine
NAVAJO MINE

Aquifer: FRUITLAND FM; CS#8

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab) (8.U.)
Conductivity (Lab) {umho/cm)
TDS (189 deg C) (mg/1)
Boron {mg/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N (mg/1)
Nitrite as N (mg/1)
Nitrate + Nitrite as N (mg/1}
MAJOR ANIONS

Bicarbonate as CaCO3 (mg/1)
Carbonate as CaCO3 (mg/1)
Bicarbonate as HCO3 (mg/1)
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)
MAJOR CATIONS

Calcium {mg/1)
Magnesium (mg/1)
Potassium {mg/1)
Sodium {mg/1)
Major Anions (meq/1)
Major Cations (meq/1)
Charge Balance (percent)
TRACE METALS {(Dissolved)
Arsenic {mg/1)
Chromium (mg/1)
Copper {mg/1)
Mercury (mg/1)
Silver (mg/1)
Zinc (mg/1)
Radium 226 (pCi/1)
Radium 228 (pCi/1}
Barium (mg/1)
Cadmium (mg/1)
Iron {mg/1)
Total Iron {mg/1)
Lead (mg/1)
Manganese (mg/1)
Total Manganese {mg/1}
Selenium (mg/1)
Note: N => No measurement

BITSUI-2
03/02/95

8.00
3080
5050

0.93

0.79

-0.01
-0.01

N

N
3480.00

0.00
1160.00

7.00

3.60
1.50
7.00
1940.00
89.90
84.87
2.88

-0.005
-0.0200
-0.010
-0.00100
-0.010
-0.010
N
N
2.690
-0.0020
-0.050
0.07
-0.005
-0.020
-0.02
-0.005

SHP NAVAJO MINE

1998 ANNUAL EYDROLOGY REPORT

GROUNDWATER
BITSUI-2 3ITSUI-2
04/27/25 16/19/95
8.00 8.00
8110 12100
5020 3010
0.91 1.03
1.78 1.75
0.15 -0.01
-0.01 0.05
N N
N N
N N
3460.00 3520.00
0.00 0.00
1220.00 1220.00
48.00 28.00
6.60 8.60
2.70 3.00
13.00 1.60
2110.00 2090.00
92.13 92.68
82.66 91.63
.29 0.57
-0.005 -0.005
N N
N -0.010
N -0.00100
-0.010 -0.010
0.010 0.030
N N
N N
2.700 2.890
-0.0020 -0.0020
-0.050 -0.050
0.11 0.07
-0.005 -0.00S
-0.020 ~0.020
-0.02 -0.02
-0.005 -0.005

6 of 39

UALITY REPORT

BITSUI-2
10/18/95

8.00
7730
4910

0.83

1.69

0.50
-0.01

N

N
3420.00
0.00
1170.00
17.00

8.60
1.90
7.00
1990.00
89.44
87.33
1.19

2.420
-0.0020
-0.050
-0.05
-0.005
-0.020
-0.02
-0.005

BITSUI-2
01/02/96

7.90
7590
5020

1.01

2.66

0.53
-0.05

N

N
3610.00

0.00
1150.00

4.50

6.40
2.60
5.10
2050.00
91.73
89.83
1.05

-0.005
N
-0.010
-0.00100
-0.010
-0.010
N
N
2.960
-0.0020
-0.050
-0.05
~0.005
-0.020
-0.02
-0.005

06/02/99 Page 4

BITSUI-2
04/09/96

8.20
7950
5010

0.97

1.61

-0.05
-0.05

N

N
3460.00
-1.00
1250.00
24.70

6.01
2,07
5.87
1930.00
92.48
84.57
4.47

-0.00S
N
~0.010
~0.00100
-0.010
0.020
N
N
2.800
-0.0020
-0.050
0.12
-0.005
-0.020
-0.02
-0.005



ZHP Minerals Navaio Mine 25/02/99 Page S

NAVAJO MINE
3HP NAVAJO MINE

1998 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REPORT

Aquifer: FRUITLAND FM; C3%

Station Name: BITSUI-2 B8ITSUI-2 2ITSUI-2 BITSUI-2 BITSUI-2 BITSUI-2

Sample Date: 06/21/96 09/27/56 31/10/97 03/11/97 06/18/97 10/01/97

LABORATORY MEASUREMENTS

pH (Lab} 18.U.) 8.50 8.00 7.%0 8.00 8.00 7.90
Conductivity {(Lab) {umho/cm) 2030 7990 8010 8000 7900 8000
DS (180 deg C) tmg/1) 1450 5160 $130 5080 5100 5090
Boron img/1) 0.27 1.05 0.95 0.97 1.02 0.93
Fluoride img/ 1} 1.36 1.74 1.68 1.75 1.71 2.00
NUTRIENTS

Nitrate as N ima/l) N 1.01 0.11 -0.08 N N
Nitrite as N {mg/1} N -0.05 N N N N
Nitrate + Nitrite as N (mg/1) N N N N -0.05 -0.05
MAJOR ANIONS

Bicarbonate as CaC03 ~g/1) N N N N N N
Carbcnate as CaCO3 img/1) N N N N N N
Bicarbonate as HCO3 img/1) 182.00 3510.00 3370.00 3340.00 3320.00 3160.00
Carbonate as CO3 {mg/1) 30.00 -1.00 -1.00 -1.00 -1.00 -1.00
Chloride (mg/1) 130.00 1260.00 1270.00 1154.00 1150.00 1200.00
Sulfate (mg/1) 744.00 82.30 70.00 37.00 95.00 264.00
MAJOR CATIONS

Calcium (mg/1) 70.30 4.61 $.21 4.87 5.50 5.10
Magnesium (mg/1) 23.20 1.94 2.07 2.10 2.00 1.50
Potassium img/1) 4.30 5.47 7.43 6.13 8.00 3.30
Sodium :mg/l) 390.00 1980.00 2220.00 2002.00 2150.00 2060.00
Major Anions tmeg/1) 23.14 94.84 92.52 88.06 88.83 91.13
Major Cations ‘meg/1) 22.49 86.66 97.18 87.65 94.16 90.07
Charge Balance (percent) 1.42 4.51 2.46 0.23 2.92 0.59
TRACE METALS (Dissolved!}

Arsenic mg/1) -0.005 -0.005 -0.005 -0.005 -0.008 -0.008
Chromium {ng/1) -0.0100 N N N N N
Copper ‘mg/l) N -0.010 -0.010 -0.010 -0.010 -0.010
Mercury (mg/1) N -0.00100 -0.00100 -0.00100 ~-0.00100 -0.00100
Silver ag/l) -0.010 -0.010 -0.010 -0.010 0.050 -0.010
Zinc (ng/1) -0.050 -0.050 -0.050 -0.050 -0.020 -0.020
Radium 226 (pCi/1) N N N N N N
Radium 228 (pCi/1) N N N N N N
Barium mg/1) 0.030 2.990 2.930 3.120 2.830 2.720
Cadmium img/1) -0.0010 -0.0010 -0.0010 -0.0010 -0.0010 -0.0010
Iron img/1) 0.140 0.030 -0.030 -0.030 -0.020 -0.020
Total Iron g/ 1) 0.24 0.19 0.07 0.10 0.06 0.48
Lead mg/1) -0.005 -0.008 -0.005 -0.005 ~0.005 -0.005
Manganese img/1) 0.020 -0.010 -0.010 -0.010 -0.00S -0.010
Total Manganese (mg/1) .06 -0.01 -0.01 -0.01 -0.01 0.18
Selenium img/1} 0.006 -0.005 -0.005 -0.005 -0.005 -0.005

Note: N => No measurement

7 of 39



BHP Minerals Navajo Mine
NAVAJO MINE

Aquifer: FRUITLAND FM; csus

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab) (5.0.}
Conductivity (Lab) (umho/cm}
TDS (180 deg C) {mg/1
Boron {mg/1}
Fluoride (mg/1)
NUTRIENTS

Nitrate as N {mg/1)
Nitrite as N (mg/1}
Nitrate + Nitrite as N (mg/1)
MAJOR ANIONS

Bicarbonate as CaCO3 {mg/1)
Carbonate as CaCO3 {mg/1)
Bicarbonate as HCO3 (mg/1}
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)
MAJOR CATIONS

Calcium (mg/1)
Magnesium (mg/1)
Potassium (mg/1}
Sodium (mg/1)
Major Anions {meq/1)
Major Cations {meq/1)
Charge Balance (pexcenc)
TRACE METALS (Dissolved)
Arsenic (mg/l)
Chromium {(mg/1)
Copper (mg/1)
Mercury . (mg/1)
Silver {mg/1)
Zine (mg/1)
Radium 226 (pCi/l)
Radium 228 {pCi/l}
Barium (mg/1)
Cadmium (mg/1)
Iron (mg/1}
Total Iron (mg/1)
Lead {mg/1)
Manganese (mg/1}
Total Manganese (mg/1)
Selenium (mg/1}
Note: N => No measurement

3ITSUI-2
10/05/97

z % 72 Zz 4 Z

Zz Z

% Z Z 2 2 2 =z 2 % 2 2

Z Z 2

Z =z

2% Z =% 2z2 =2 Z 7 ZZR2Z

ZHP NAVAJO MINE
1398 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REPORT

3ITSUIL-2 BITSUI-2 3ITSUI-3 BITSUI-3
01/22/98 03/26/98 33/02/95 04/27/95
7.90 8.00 7.60 7.50
7510 §700 13000 13100
5190 5050 7980 7740
0.87 1.06 1.07 1.00
1.87 1.86 -0.01 0.99
N N 1.00 4.10
N -0.01 -0.01
0.12 -0.05 N N
N N N N
N N N N
2590.00 3390.00 3.12 3050.00
-1.00 -1.00 0.00 0.00
1150.00 1040.00 2820.00 3160.00
51.00 34.00 442.00 255.00
4.70 4.00 11.00 27.00
1.10 2.00 5.20 12.00
3.80 8.00 14.00 44.00
1740.00 1750.00 3200.00 3150.00
75.95 85.60 88.86 144.72
76.11 76.62 140.53 140.49
0.10 5.49 22.52 1.48
-0.005 -0.005 -3.005 -0.005
N N -0.0200 N
0.040 -0.010 -g.010 N
-0.00100 -0.00100 -0.00100 N
-0.010 -0.010 -0.010 -0.010
-0.025 -0.025 -0.010 0.010
N N N N
N N N N
2.860 3.130 -0.500 1.300
~-0.0010 -0.0010 0.0040 -0.0020
0.040 -0.020 -0.050 ~0.050
0.08 0.09 0.24 0.75
-0.008 -0.005 0.012 0.033
-0.005 -0.005 -0.020 -0.020
-0.01 0.03 -0.02 -0.02
-0.005 ~0.005 -0.00S -0.005

8 of 39

06/02/99 Fage «

BITSUI-3
05/18/95%

7.30
14600
7730

1.0

0.99

-0.01
-0.01

3070.00

3080.00
192.00

19.00

10.00
3130.00
141.19
137.86
1.19

-0.005
N
-0.010
-0.00100
-0.010
0.100
N
N
0.510
-0.0050
0.050
0.28
-0.050
-0.020
-0.02
-0.005




SHP Minerals Navajo Mine

NAVAJO MINE

Aquifer: FRUITLAND FM; CS#8

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab)
Conductivity (Lab)
TDS (180 deg C)
Boron

Fluoride

NUTRIENTS
Nitrate as N

Nitrite as N

(8§.U.}
{umho/cm)
(mg/1)
(mg/1)
{mg/1)

(mg/1)
(mg/1)

Nitrate + Nitrite as N (mg/l)

MAJOR ANIONS
Bicarbonate as CaCO3
Carbonate as CaCo3
Bicarbonate as HCO3
Carbonate as CO3
Chloride

Sulfate

MAJOR CATIONS
Calcium
Magnesium
Potassium
Sodium

Major Anions
Major Cations

Charge Balance

(mg/1)
{mg/1)
{mg/1)
(mg/1)
(mg/1)}
(mg/1)

(mg/1)
(mg/1)
(mg/1)
(mg/1)
(meg/1)
{meq/1)
(percent)

TRACE METALS (Dissolved)

Arsenic
Chromium
Copper
Mercury
Silver
Zinc
Radium 226
Radium 228
Barium
Cadmium
Iron

Total Iron
Lead
Manganese
Total Manganese

Selenium

{mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(pCi/)
{(pCi/1}
{mg/1)
(mg/1)
(mg/1)
(mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)

Note: N => No measurement

BITSUI-3
10/18/25

7.60
12400
7720

0.92

1.02

1.20
-0.01

N

N
3220.00
0.00
2760.00
471.00

23.00
12.00
23.c0
33%0.00
140.52
150.19

3.33

%

% 2 2 Z Z2 Z

-0.500
-0.0020
-0.050
0.12
-0.005
-0.020
-0.02
-0.005

BHP NAVASC MINE
1398 ANNUAL HYDROLOGY REPORT
GROUNDWATER CUALITY REPORT

SITSUI-3
12/29/95

7.60
12600
3140

1.08

1.27

-0.05
-0.05

N

N
2520.00
¢.00
2810.00
509.00

25.00
10.00
9.80
3230.00
137.72
142.82
1.82

-0.005
N
-0.010
-0.00100
-0.010
-0.010
N
N
0.360
-0.0020
-0.050
0.18
-0.005
-0.020
-0.02
-0.005

BITSUI-3 BITSUI-3
03/25/96 09/26/96
7.70 7.60
12900 12900
8010 8120
1.15 1.07
1.04 1.01
-0.05 0.25
-0.05 -0.05
N N
N N
N N
3290.00 3200.00
-1.00 -1.00
2610.00 3070.00
604.00 530.00
23.00 18.20
9.70 7.83
11.00 8.60
3210.00 3420.00
140.12 150.09
141.86 150.51
0.62 0.14
-0.005 -0.005
N N
-0.010 -0.010
-0.00100 -0.00100
-0.010 -0.010
-0.010 -0.050
N N
N N
-0.500 0.240
-0.0020 -0.0010
0.400 0.060
0.85 0.16
-0.005 -0.005
-0.020 -0.010
-0.02 -0.01
-0.005 -0.005
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BITSUI-3
01/10/97

7.40
12800
8220

1.09

0.94

-0.05

3000.00
-1.00
2970.00
400.00

22.40
10.20
11.70
3380.00
141.27
149.28
2.76

-0.005
N
-0.010
-0.00100
-0.010
-0.050
N
N
0.090
-0.0010
0.220
0.35
-0.005
-0.010
-0.01
-0.005

06/02/99 Page 7

BITSUI-3
03/12/97

7.60
12700
8100

1.02

1.11

-0.05

N

N
3090.00
-1.00
2890.00
321.00

21.50
9.30
12.30
3093.00
138.84
136.69
0.78

-0.005
N
-0.010
-0.00100
-0.010
~0.050
N
N
5.850
-0.0010
0.140
0.21
-0.005
-0.010
-0.01
~0.005




BHP Minerals Navajo Mane

NAVAJO MINE

Aquifer: FRUITZAND FM; CS#8

Station Name:

Sample Date:

3ITSUI-3
06/17/97

LABORATORY MEASUREMENTS

pH (Lab)
Conductivity iLab)
TDS (180 deg C}
Boron

Fluoride

NUTRIENTS
Nitrate as N

Nitrite as N

Nitrate + Nitrite as N

MAJOR ANIONS

Bicarbonate as CaCO3

Carbonate as CaCO3
Bicarbonate as HCO3
Carbonate as CO3
Chloride

Sulfate

MAJOR CATICNS
Calcium
Magnesium
Potassium
Sodium

Major Anions
Major Cations

Charge Balance

(S.U.)
{umho/cm)
{mg/1)
{mg/1)
(mg/1)

(mg/1)
(mg/1)
(mg/1)

(mg/1)
(mg/1)
{mg/1)
(mg/1)
(mg/1)
(mg/1)

(mg/1)
(ma/1)
(mg/1)
{mg/1)
{meg/1)
{meq/1)
(percent)

TRACE METALS (oissolved)

Arsenic
Chromium
Copper
Mercury
Silver
Zinc
Radium 228
Radium 228
Barium
Cadmium
Iron
Total Iron
Lead
Manganese
Total Manganese

Selenium

Note:

(mg/1)
{mg/1)
(mg/1)}
(mg/1)
{mg/1)
(mg/1)
(pCi/1)
{pCi/l1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)
(mg/1)

N =»> No measurement

Z 2 %X Z 2 2

Z 2 2 =% 2 2

Zz2 Z2 2 % 2 Z Z

Z 222 22 % A ZZ 2L 7 Z2Z%Z

3HP NAVAJO MINE

N

298 ANNUAL HYDROLOGY REPORT

GROUNDWATER QUALITY REPORT

3ITSUI-3
10/01/97

7.50
12500

1.02
1.00

N

N
3140.00
-1.00
2780.00
560.00

100.00
12.00
1.90
3320.00
141.55
150.44
2.04

-0.005
N
-0.010

-0.00100

-0.010
-0.020
N
N
0.070

-0.0010

-0.020
0.57
-0.005
-0.010
0.03
-0.005

BITSUI-3
01/22/98

7.50
11900

1.03
1.14

N

N
3240.00
-1.00
2650.00
529.00

17.50
7.10
5.70

3100.00
138.87
136.44

0.88

-0.005
N
0.030

-0.00100

-0.010
-0.025
N
N
0.050

-0.0010

0.200

0.22
-0.005
-0.00S
-0.01
-0.005
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BITSUI-3
£3/26/98

7.50
14100

1.10
1.05

-0.05

N

N
3200.00
-1.00
2430.00
317.00

17.00
8.00
11.00
25%0.00
127.58
114.45
5.42

-0.005
N
-0.010
-0.00100
-0.010
-0.025
N
N
0.120
-0.0010
0.140
0.29
-0.00S
-0.005
0.03
-0.005

KF83-1
09/16/85

8.28
2400
7080

1.16

1.32

2630.00
300.00
N
N
2255.00
83.00

20.00
6.40
18.00
2630.00
123.88
116.39
3.12

0.002
0.0050

0.050
3.4
1.1
6.000
0.0010
3.000

0.007
0.210

-0.001

06/02/99

KF83-1
29/16/86

8.25
5500
7050

1.10

1.13

2790.00
320.00
N
N
2460.00
72.00

16.20
6.00
26.90
2750.00
133.03
121.61
4.48

0.002
-0.0020

-0.050
1.0
1.9
6.100

-g.0010
0.230

0.010
0.038

-0.001

Page ¢



EHP Minerals Navajo Mine 28702/9%9 Page 9

NAVAJC MINE
SHP NAVASO MINE

2398 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REPORT

. Aquifer: FRUITLAND FM; CsS#8

Station Name: KF83-1 KF83-1 KF83-1 KF83-1 KF83-1 KF83-1
Sample Date: 09/16/87 $9/23/88 39/21/89 £9/21/90 09/23/91 09/22/92
LABORATORY MEASUREMENTS
pH {(Lab) (8.0.) 8.06 7.99 8.05 8.53 8.02 8.68
Conductivity (Lab} (umho/crn') 10000 3500 10000 9400 9800 11000
TDS (180 deg C) {mg/1) 7300 7040 7440 7100 7250 7270
Boron (mg/1) 1.70 1.04 1.09 1.08 0.99 1.00
Fluoride {mg/1) 0.93 0.93 0.98 1.06 0.90 1.08
NUTRIENTS
Nitrate as N (mg/1) N N N -0.05 -0.05 -0.05
Nitrite as N {mg/1) N N N -0.05 -0.05 -0.05
Nitrate + Nitrite as N (mg/l1) N N N -0.05 -0.04 -0.04
MAJOR ANIONS
Bicarbonate as CaC0O3 img/1) 1880.00 2530.00 2340.00 2660.00 2600.00 2260.00
Carbonate as CaCO3 {mg/1) 6§00.00 0.00 220.00 160.00 0.00 240.00
Bicarbonate as HCO3 {mg/1) N N N N N N
Carbonate as CO3 {mg/1) N N N N N N
Chloride (mg/1) 2485.00 2760.00 2530.00 2260.00 2400.00 2680.00
Sulfate (mg/1} 50.00 -10.00 34.00 80.00 50.00 -10.00
‘ MAJOR CATIONS
Calcium {mg/1) 22.10 20.00 18.80 23.90 19.60 19.60
Magnesium (mg/1) 7.20 8.20 6.60 7.00 6.90 7.00
Potassium {mg/1) 11.50 12.10 13.00 11.80 9.40 9.80
Sodium (mg/1) 2650.00 2650.00 2350.00 2630.00 2670.00 2890.00
Major Anions (meq/1)} 120.69 128.40 123.23 121.77 120.69 125.55
Major Cations (meq/1) 117.25 117.25 104.03 119.08 117.93 127.52
Charge Balance {percent) 1.45 4.54 8.45 1.12 1.16 0.78
TRACE METALS (Dissolved)
Arsenic {mg/1) 0.002 0.002 0.004 0.003 0.001 0.002
Chromium (mg/1) 0.0150 -0.0200 -0.0100 -0.0100 -0.0200 -0.0200
Copper (mg/1) N N N N N N
Mercury (mg/1) N N N N N N
Silver {mg/1)} N N N N N N
Zinc {mg/1) -0.050 -0.050 -0.100 -0.050 -0.250 -0.250
Radium 226 (pCi/1) 3.1 2.5 2.3 2.2 1.6 2.6
Radium 228 {pCi/1} 1.6 0.8 0.1 4.1 9.5 -4.2
Barium (mg/1) -1.000 6.600 4.400 2.100 3.800 5.100
Cadmium (mg/1) 0.0900 -0.0100 -0.0050 -0.0050 -0.0050 -0.0050
Iron img/1) -0.500 0.500 -0.500 1.300 -0.500 -0.2C0
Total Iron (mg/1) N N N N N N
Lead (mg/1) 0.095 0.040 0.030 0.050 0.020 -0.020
Manganese img/1) -0.200 -0.200 -0.200 -0.200 -0.200 -0.200
Total Manganese (mg/1) N N N N N N
(mg/1) -0.001 -0.001 -0.001 -0.001 -0.001 -0.001

. Selenium

Note: N => No measurement
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BHP Minerals Navajo Mine 06/02/99 Page 1°

NAVAJO MINE
SHP NAVAJO MINE

:3%8 ANNUAL HYDROLOGY REPORT
ZROUNDWATER QUALITY REPORT

Aquifer: FRUITLAND FM; CS#8

Station Name: K XF83-1 KFB83-1 KFB3-1 KFB3-1 KF83-1
Sample Date: 12/08/93 £3/07/94 05/03/95 26/14/95 06/21/95 07/14/95
LABORATORY MEASUREMENTS

pH (Lab) (s.0.} 8.57 7.65 7.60 7.90 7.90 7.80
Conductivity (Lab) {umho/cm) 390 9600 11500 9690 10300 9850

TDS (180 deg C) {mg/ 1) 3710 7330 6820 5750 5670 5850
Boron (mg/1) 3.93 0.90 0.87 1.00 0.97 0.92
Fluoride (mg/1) 1.13 1.07 0.83 1.44 1.54 1.57
NUTRIENTS

Niéx‘ace as N (mg/1) -0.08 -0.08 6.24 -0.01 18.20 -0.01
Nitrite as N (mg/1) -0.05 -0.05 -0.01 -0.01 -0.01 -0.01
Nitrate + Nitrite as N (mg/l) -0.04 -0.04 N N N N
MAJOR ANIONS

Bicarbonate as CaCO3 {mg/1} 2260.00 2740.00 N N N N
Carbonate as CaCO3 (mg/1) 380.00 0.00 N N N N
Bicarbonate as HCO3 (mg/1} N N 2970.00 3690.00 3740.00 3630.00
Carbonate as CO3 {mg/1) N N g.00 0.00 0.00 .00
Chloride (mg/1) 2180.00 2080.00 2700.00 1210.00 1170.00 1230.00
Sulfate (mg/1) 74.00 142.00 7.00 353.00 411.00 375.00
MAJOR CATIONS

Calcium (mg/1) 19.00 14.00 28.00 11.00 11.00 11.00
Magnesium (mg/1) 5.60 4.90 13.00 4.60 4.90 4.40
Potassium {mg/1) $.30 8.20 31.00 7.00 13.00 8.20
Sodium {mg/1) 2590.00 2670.00 2760.00 2380.00 2370.00 2260.00
Major Anions (meg/1i 117.78 116.38 125.43 101.85 104.15 101.99
Major Cations {meg/1} 18,66 117.45 123.31 104.63 104 .37 59.42
Charge Balance {percent! 3.37 0.46 0.85 1.30 0.11 1.28
TRACE METALS (Dissolved)

Arsenic (mg/1) N N N N N N
Chromium (mg/1) N N N N N N
Copper (mg/1) N N N N N N
Mercury {mg/1) N N N N N N
Silver {mg/1) N N N N N N
Zinc {mg/1)} N N N N N N
Radium 226 (pCi/l) N N N N N N
Radium 228 (pCi/l) N N N N N N
Barium (mg/1) 1.400 -1.000 5.000 -0.500 1.700 0.580
Cadmium (mg/1) -0.0050 -0.0050 -0.0040 -0.0020 -0.0020 -0.0020
Iron {mg/1} -0.300 ~-0.200 -0.050 -0.050 -0.050 -0.050
Total Iron (mg/1) -0.30 -0.20 1.06 0.07 -0.08 -0.05
Lead (mg/1) -0.020 -0.020 -0.010 -0.005 -0.005 -0.005
Manganese (mg/1) -0.200 -0.200 -0.020 -0.020 -0.020 -0.020
Total Manganese (mg/1) -0.20 -0.20 0.03 -0.02 -0.02 -0.02
Selenium (mg/1) -0.001 -0.001 -0.005 -0.00S -0.005 -0.00S

Note: N => No measurement
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3HP Minerals Navajo Mine 06/02/99 Page 11

NAVAJO MINE
BHP NAVAJC MINE

1598 ANNUAL HYDRTLOGY REPORT
GROUNDWATER QUALITY REPORT

aquifer: FRUITLAND FM; CS#8

Sration Name: KF83-1 KF83-1 KF83-1 KF83-1 XrB3-1 KF83-1
Sample Date: 09/26/355 03/25/96 10/03/36 12/03/96 c3/26/97 07/01/97
LABORATORY MEASUREMENTS

pH (Lab) (S.U.) 7.80 7.70 7.80 7.60 7.70 7.70
Conductivity (Lab) {umho/cm) 9300 11100 9650 10500 11650 11300

TDS (180 deg C) (mg/1) 5830 6860 6270 6860 7158 7100
Soron (mg/1) 1.00 0.90 c.94 1.04 0.95 1.03
Fluoride (mg/1) 1.2% 0.90 1.38 1.07 1.05 0.95
NUTRIENTS

Nitrate as N (mg/1) -0.01 0.14 -0.05 -0.05 -2.05 N
Nitrite as N {mg/1) -0.01 -0.05 -0.05 N N N
Nitrate + Nitrite as N (mg/1) N N N N N -0.05
MAJOR ANIONS

Bicarbonate as CaCO3 (mg/1) N N N N N N
carbonate as CaCO3 (mg/1) N N N N N N
Bicarbonate as HCO3 (mg/1l) 3530.00 3130.00 3360.00 3180.00 2764.00 3010.00
Carbonate as CO3 (mg/1) 0.00 -1.00 -1.00 -1.00 -1.00 -1.00
Chloride (mg/1) 1500.00 2610.00 123.00 2089.00 2610.00 2620.00
Sulfate (mg/1) 351.00 123.50 980.00 360.00 239.00 379.00
MAJOR CATIONS

Calcium (mg/1) 14.60 19.40 11.60 16.20 21.20 20.50
Magnesium (mg/1} 7.08 7.41 4.50 5.83 8.10 7.00
Potassium (mg/1) 9.80 8.60 7.82 8.21 15.00 8.50
Sodium (mg/1) 2480.00 2720.00 2400.00 2601.00 2620.00 2290.00
Major Anions (meq/1) 107.47 127.50 78.94 118.54 123.90 131.12
Maior Cations (meq/1) 109.43 120.11 105.54 114.64 216.07 101.43
Charge Balance {percent) 2.590 2.98 Z4.42 1.67 3.26 12.77
TRACE METALS (Dissolved)

Arsenic {mg/1) N N N N N N
Chromium (mg/1) N N N N N N
Copper (mg/1) N N N N N N
Mercury (mg/1) N N N N N N
Silver (mg/1) N N N N N N
zinc (mg/1) N N N N N N
Radium 226 (pCi/1} N N N N N N
Radium 228 (pCi/1) N N N N N N
Barium (mg/1) -0.500 3.770 0.050 0.170 0.250 -0.010
Cadmium {mg/1) -0.0020 -0.0020 -0.0010 -0.0010 -0.0010 -0.0010
iron (mg/1) -0.050 0.140 0.040 0.170 0.15¢0 0.100
Total Iren (mg/1) -0.05 0.22 0.10 0.83 0.19 0.11
Lead (mg/1) -0.005 -0.005 -0.005 -0.008 -0.005 -0.005
Manganese (mg/1) -0.020 -0.020 -0.010 0.030 0.030 0.023
Total Manganese (mg/1) -0.02 -0.02 -0.01 0.02 0.03 0.02
Selenium {mg/1) -0.005 -0.005 -0.005 -0.005 -0.005 -0.008

Note: N => No measurement
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NAVASO MINE

NAVAJC MINE
1398 ANNUAL HYDROLOGY REFORT
GROUNDWATER QUALITY REPCRT

Aquifer: FRUITLAND FM; CS#eE

Station Name: KF83-1 XF83-1 ¥F83-1 KF83-1 KF83-1 KF83-1
Sample Date: 09/26/97 12/22/27 12/22/97 £3/19/98 06/18/98 29/21/98
LABORATORY MEASUREMENTS

pH (Lab) (s.U.) 7.60 7.70 7.70 7.60 7.60 7.60
Conductivity (Labi {umho/cm} 11400 11700 11600 11700 12%00 11800

TDS (1890 deg C) (mg/1) 7140 7140 7290 7350 7280 7500
Boron (mg/1) 0.92 1.04 1.04 1.15 1.02 1.04
Fluoride (mg/1) 1.11 1.19 1.20 1.08 0.91 0.93
NUTRIENTS

Nitrate as N {mg/1) N N N N N N
Nitrite as N (mg/1) N N N N N
Nitrate + Nitrite as N (mg/l) 0.28 0.14 0.14 .07 0.32 -0.0S
MAJOR ANIONS

Bicarbonate as CaCO3 (mg/1) N N N N N N
Carbonate as CaCO3 {mg/1) N N N N N N
Bicarbonate as HCO3 (mg/1) 2500.00 2910.00 2970.00 2700.00 2740.00 2580.00
Carbonace as C03 {mg/1) -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
Chloride (mg/1) 2270.00 2660.00 2670.00 2260.00 2380.00 2000.00
Sulfate (mg/1) 435.00 619.00 825.00 276.00 371.00 503.00
MAJOR CATIONS

Calcium (mg/1) -0.20 23.40 23.70 15.80 25.00 24.90
Magnesium {mg/1) 3.20 7.30 7.90 5.80 10.00 7.40
Potassium (mg/1) 5.80 11.C0 10.90 7.70 15.00 7.60
Sodium (mg/1) 2370.00 2960.G0 2100.00 2530.00 2400.C0 2440.00
Major Anions (meq/1) 114.08 135.62 141.17 113.75 119.78 109.17
Major Cations (meq/1) 103.50 130.80 136.95 111.51 106.85 108.18
Charge Balance {percent) 4.86 3.82 1.52 0.99 5.71 0.45
TRACE METALS (Dissolved)

Arsenic (mg/1) -0.005 -0.005 -0.005 -0.005 -0.005 -0.00S
Chromium (mg/1) N N N N N -0.0100
Copper {mg/1} -0.010 0.130 0.170 -0.010 -0.010 -0.010
Mercury ° (mg/1) -0.00100 -0.00100 -0.00100 -0.00100 -0.00100 -0.00100
Silver (mg/1) -0.010 -0.010 -0.010 -0.010 -0.010 -0.010
Zinc (mg/1) -0.025 -0.020 -0.020 -0.025 -0.025 -0.025
Radium 226 (pCi/1} N N N N N 1.9
Radium 228 (pCi/l} N N N N N -1.5
Barium {mg/1) 0.220 0.160 0.110 0.280 -0.010 0.400
Cadmium (mg/1} 0.0040 -0.0010 -0.0010 -0.0010 -0.0010 -0.0010
Iron (mg/1) 0.050 0.140 0.140 0.230 0.240 0.100
Total Iron (mg/1) 0.95 0.12 0.14 0.27 0.29 0.27
Lead {mg/1) -0.005 -0.005 -0.00S -0.008 -0.00S -0.005
Manganese {mg/1) 0.023 0.018 0.019 0.027 -0.005 0.018
Total Manganese (mg/1) 0.87 0.02 0.02 0.02 -0.01 0.02
Selenium (mg/1) -0.005 -0.005 -0.005 -0.005 -0.005 -0.005

Note: N => No measurement
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BHP Minerals Navajo Mine 06/C2/¢9 Page 13

NAVAJO MINE
BHP NAVAJO MINE

2398 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REPORT

Aquifer: FRUITLAND FM; CS#3

Station Name: KF83-1
Sample Date: 12/30/98

LABORATORY MEASUREMENTS

pH (Lab) {§.U.) 7.70
Conductivity (Lab) {umho/cm) 11900

TDS (180 deg C) {mg/1) 7370
Boron (mg/1) 1.12
Fluoride img/1) 0.92
NUTRIENTS

Nitrate as N img/1) N
Nitricte as N (mg/1) N
Nitrate + Nitrite as N (mg/l} -0.05
MAJOR ANIONS

Bicarbonate as CaCO3 ma/l) N
Carbonate as CaCO3 img/1) N
Bicarbonate as HCO3 img/1) 2690.00
Carbonate as CO3 img/1) -1.00
Chloride (mg/1) 2450.00
Sulfate img/1) 549.00
MAJOR CATIONS

Calcium {mg/1) 28.00
Magnesium img/1) 9.00
Potassium img/1) 8.00
Sodium {mg/1) 2840.00
Major Anions {mea/1) 124.62
Major Cations imeq/l) 125.88
Charge Balance {percent) 0.50
TRACE METALS (Dissolved)

Arsenic ing/ L) -0.005
Chromium img/1l) -0.0100
Copper img/1) -0.010
Mercury (mg/1) -0.00100
Silver img/1) -0.010
Zinc img/1) -0.025
Radium 226 {pCi/1} 1.8
Radium 228 {pCi/1) -1.5
Barium ‘ag/l) 0.500
Cadmium img/1) -0.0010
Iron img/1) N
Total Iron img/1) 0.36
Lead img/1) -0.008
Manganese tmg/1)} 0.020
Total Manganese tmg/1} 0.08
Selenium 'mg/1) -0.00%

Note: N => No measurement
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EHP Minerals Navajo Mine
NAVAJC MINE

Aquifer: SPOIL

Station Name:

Sample Date:

LABORATORY MEASUREMENTS

pH (Lab) (S.U.}
Conductivity (Lab) {umho/cm)
TDS (180 deg C) (mg/1)
Boron {ma/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N {mg/1)
Nitrite as N (mg/ 1)

Nitrate + Nitrite as N (mg/l)

MAJOR ANIONS

Bicarbonate as CaCO3 (mg/1)
Carbonate as CaCO3 {mg/1}
Bicarbonate as HCO3 (mg/1)
Carbonace as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)

MAJOR CATIONS

Calcium (mg/1)
Magnesium (mg/1)
Potassium (mg/1)
Sodium (mg/1)
Major Anions (meq/1}
Major Cations (meq/1}
Charge Balance (percent)

TRACE METALS (Dissolved)

Arsenic (mg/1)
Chromium (mg/1)
Copper (mg/1}
Mercury (mg/1}
Silver {mg/1}
Zinc (mg/1)
Radium 226 (pCi/1)
Radium 228 {pCi/l)
Barium (mg/1)
Cadmium {mg/1)
Iron {mg/1)
Total Iron (mg/1}
Lead (mg/1)
Manganese (mg/1)
Total Manganese {mg/1)
Selenium (mg/1)

Note: N => No measurement

2ITSUI-4
31/26/96

6.90
25700
15000

1.71

0.29

0.09
-0.01

N

N
1760.00
0.00
£34.00
5640.00

15.00
131.00
538.00

4650.00
226.62
227.55

0.20

-0.005
N
-0.010
-0.00100
-0.010
0.030
N
N
0.030
-0.0020
-0.050
4.67
-0.005
2.400
2.41
-0.005

SHP NAVAJO MINE

2258 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REPCRT

BITSUI-4 3ITSUL -4
02/12/96 04/10/96
7.10 7.10
14400 16500
13100 13800
1.49 1.54
0.33 0.33
1.20 1.17
-0.01 0.0S
N N
N N
N N
1510.00 1650.00
0.00 -1.00
451.00 651.00
6680.00 7860.00
287.00 231.00
125.00 123.00
22.00 19.20
3850.00 4280.00
176.64 209.14
192.64 208.31
4.33 0.20
-0.005 -0.008
N N
-0.010 -0.010
-0.00100 ~0.00100
-0.010 -0.010
0.140 0.020
N N
N N
-0.500 0.020
-0.0020 -0.0020
0.060 0.260
16.60 4.21
-0.005 -0.008
3.180 2.660
3.38 2.52
-0.0085 -0.005
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3ITSUI-4
0/02/96

6.80
17500
15100

1.49

0.32

0.33
-0.05

N

N
1650.00
-1.00
45.70
8710.00

270.00
130.00
20.70
4610.00
229.70
225.22

2.57

-0.00%

N
-0.010
-3.00100
-0.010

©.060

BITSUI-4
01/13/97

6.80
17500
15500

1.67

0.30

N

N
1800.00
-1.00
630.00
9460.00

270.00
130.00

22.30
4710.00
244 .25
229.61

3.09

-0.005
N
-0.010
-0.00100
-0.010
-0.050
N
N
0.010
-0.0010
0.400
0.67
-0.008
2.790
2.63
-0.005

06/02/99

BITSUI-4
03/12/97

6.90
18200
16100

1.61

0.32

~0.05

N

N
1840.00
-1.00
659.00
9205.00

251.00
129.00
24.80
4824.00
240.41
233.60
1.44

-0.005
N
-0.010
-0.00100
-0.010
-0.050
N
N
0.010
-0.0010
9.550
1.02
-0.005
2.080
1.95
-0.00S
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2HP Minerals Navajo ¥in

WAVAJO MINE

Aguirfer: SPOIL

Szation Name:

Sample Date:

- ABORATORY MEASUREMENTS

cH (Lab) (s.U0.)
Conductivity (Lab) ‘umho/cm)
TDhS (180 deg C) (mg/1)
Zoron {mg/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N (mg/1)
Nitrite as N (mg/1)
Nicrate + Nitrite as N (mg/l)
MAJOR ANIONS

Bicarbonate as CaCO3 {mg/1)
carbonate as CaCO3 (mg/1)
sicarbonate as HCO3 {mg/1)
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)
MAJOR CATIONS

Calcium (mg/1)}
Magnesium {(mg/1)}
Potassium {mg/1)
Sodium (mg/1)
Major Anions (meq/1)
Major Cations {meq/1)
Charge Balance {percent)
TRACE METALS (Dissoived)
Arsenic (mg/1)}
Chromium (mg/1)
Copper . (mg/1)
Mercury {mg/1)
Silver (mg/1)
Zinc (mg/1)
Radium 226 (pCi/1)
radium 228 (pci/l)
Jarium (mg/1)
Cadmium {mg/1)
iron {mg/1)
Total Iron (mg/1)
Lead {mg/1)
Manganese {mg/1)
Total Manganese (mg/1)
Selenium {mg/1)

Note: N => No measurement

BITSUI-4
06/17/97

2 2 2 Z 2

% Z 2

2% % 2 Z2 2z Z

Z2 Z =Z =2

Z 2

u %z Z

Z Zz 7% % Z 2 Z ZZ ZZ

BHP NAVAJO MINE
2398 ANNUAL HYCROLOGY REPORT
SROUNDWATER QUALITY REPORT

N
1810.00
-1.00
696.00
8670.00

284.00
135.00
10.20
4920.00
229.83
239.55
2.07

-0.005
N
-g0.010
-0.00100
-0.010
-0.025
N
N
0.010
-0.0010
0.520
0.83
-0.005
2.240
2.49
-0.005

3ITSUI-4
01/20/98

.80
24600
15200

2.24

0.29

N
1080.00
~-1.00
540.00
7880.00

256.00
131.00
18.90
3660.00
197.01
183.24
3.62

-0.005
N
~-0.010
-0.00100
-0.010
-0.020
N
N
-0.010
-0.0010
0.690
0.72
~0.005
2.990
3.02
-0.005
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BITSUI-4
03/26/98

6.80
18600
15100

1.71

0.34

-0.05

N

N
1760.00
-1.00
508.00
8130.00

194.00
112.00
23.00
4090.00
212.45
197.39
31.67

-0.005
N
-0.010
-0.00100
-0.010
-0.025
N
N
0.010
-0.0010
0.8390
1.33
-0.005
4.270
5.09
-0.005

BITSUI-S
02/13/96

7.

13000
10300

-0.

3170.
.00
1330.
3550.

72.
30.
16.
3630.
163.
.37

164

0.

-0.005

N

-0.010

-0.00100

-0.010
0.010

N
N

-0.500
-0.0020
0.480
2.
-0.005
0.410
0.
-0.005

40

.10
.00

.01

0s

00

00

o]

00
00
00
00
37

31

05

41

06/02/99 Page 15

BITSUI-5
04/11/96

7.50
14200
10600

1.13

1.04

-0.05
-0.05

N

N
3090.00
-1.00
1210.00
4060.00

59.50
27.50
14.10
3830.00
169.30
172.19
0.85

-0.005
N
-0.010
-0.00100
-0.010
0.030
N
N
-0.500
-0.0020
0.310
1.83
-0.005
0.170
0.17
-0.005



BHP Minerals Xava)o Mine

NAVAJO MINE

Aquifer: SPOIL

Station Name:

Sample Dacte:

LABORATORY MEASUREMENTS

pH (Lab} ($.0.)
Conductivity ilab) (umho/cm)
TDS (180 deg Ci (mg/1}
Boron {mg/1)
Fluoride {mg/1)
NUTRIENTS

Nitrate as N {mg/1)
Nitrite as N (mg/1)
Nitrate + Nitrite as N (mg/1}
MAJOR ANICNS

Bicarbonate as CaCoO3 (mg/1)
Carbonate as CaCO3 (mg/1)
Bicarbonate as HCO3 (mg/1)
Carbonate as CO3 (mg/1}
Chloride (mg/1}
Sulfate (mg/1)
MAJOR CATIONS

Calcium (mg/1)
Magnesium (mg/1)
Potassium {mg/1)
Sodium (mg/1)
Major Anions (meq/1)
Major Cations (meq/1)
Charge Balance (percent)

TRACE METALS Dissolved)

Arsenic (mg/1)
Chromium (mg/1)
Copper (mg/1)
Mercury (mg/1)
Silver (mg/1}
Zine (mg/1)
Radium 226 (pCi/1)
Radium 228 {pCi/1)
Barium (mg/1)
Cadmium (mg/1)
Iron (mg/1)
Total Iron (mg/1)
Lead (mg/1)
Manganese (mg/1)
Total Manganese (mg/1)
Selenium (mg/1)
Note: N => No measurement

BITSUI-5
10/03/96

7.40
15000
11400

1.11

1.02

-0.05
-0.0%
N

N

N
3050.00
-1.00
1320.00
4770.00

56.70
27.60
13.30
4030.00
186.54
180.74
1.58

-0.00S
N
-0.010

-0.00100

-0.010
13.500
N
N
0.010

-0.0010

0.280
0.46
-0.005
0.090
0.08
-0.005

=XP NAVAJO MINE
1998 ANNUAL HYDROLOGY REPORT
GROUNDWATER QUALITY REFORT

3ITSUI-Z BITSUI-S B3ITSUI-S BITSUI-S
01/10/57 01/22/97 03/12/97 06/18/97
7.40 N 7.40 7.40
14900 N 15100 14900
11500 N 11600 11700
1.06 N 0.96 1.33
1.00 N 1.04 1.00
0.09 N -0.05 N
N N N N
N N -0.05
N N N N
N N N N
2960.00 N 2940.00 -1.00
-1.00 N -1.00 -1.00
1260.00 N 1222.00 1200.00
4770.00 N 4876.00 5030.00
59.70 N 61.70 6€8.60
29.60 N 30.70 33.30
10.40 N 15.60 16.60
4000.00 N 4019.00 4300.00
183.38 N 184.17 186.26
179.68 N 280.83 193.63
1.22 N 0.92 1.94
-0.005 N -0.00S -0.00%
N N N N
-0.010 N -0.010 -0.010
-0.00100 N -0.00100 -0.00100
-0.010 N -0.010 0.050
-0.050 N -0.050 -0.020
N N N N
N N N N
0.010 N 0.010 -0.010
-0.0010 N -0.0010 -0.0010
0.230 N 0.190 0.210
0.34 N 0.31 0.49
-0.005 N -0.005 -0.005
0.100 N 0.080 0.104
0.09 N 0.09 0.09
-0.005 N -0.005 -0.005
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06/02/99

3ITSUI-5
13/03/97

7.40
15100
11600

0.11

.85

N

N
3010.00
-1.00
1210.00
$030.00

77.20
34.90
11.60
3850.00
188.21
174.49
3.78

-0.005
N
-0.010
-0.00100
-0.010
-0.02%
N
N
-0.010
~0.0010
-0.020
0.43
-0.008
-0.005
0.11
-0.005
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2HP Minerals Navajo Mine 06/52/39 Page 17

NAVASO MINE
BHP NAVAJO MINE

2398 ANNUAL HYDROLCGY REPORT
SROUNDWATER QUALITY REPORT

Agquifer: SPOIL

Station Name: BITSUI-5 8ITSUI-S BITSUI-$ BITSUI-6 2AITSUL-6 BITSUL-6
Sample Date: 01/22/98 33/26/98 02/12/3%6 04/11/96 10/02/96 01/13/97
LABORATORY MEASUREMENTS

pH (Lab) (5.U0.) 7.40 7.40 7.10 7.20 6.60 6.80
Conductivity (Lab) \umho/cm) 19300 15900 14300 15100 18200 17600

TDS {180 deg Q) {mg/1) 12300 11800 13200 13300 16200 16500
Boron img/1) 1.08 1.10 1.57 1.47 2.34 2.59
Fluoride (mg/1) 1.12 1.12 0.30 0.31 1.34 0.28
NUTRIENTS

Nitrate as N {mg/1} N N 6.20 0.08 -0.05 0.10
Nitrite as N (mg/1} N -0.05 -0.05 -0.0S

Nitrate + Nitrite as N {mg/1} 0.13 0.15 N N N N
MAJCR ANIONS

Bicarbonate as CaCO3 {mg/1) N N N N N N
Carbonate as CaCO3 (mg/1) N N N N N N
Bicarbonate as HCO3 (mg/1) 3010.00 3010.00 1440.00 1500.00 1620.00 1530.00
Carbonate as CO3 (mg/1) ~1.00 -1.00 0.00 -1.00 -1.00 -1.00
Chloride (mg/1) 1080.00 1030.00 392.00 356.00 $6.90 490.00
Sulfate (mg/1} 4770.00 4780.00 7690.00 7920.00 9890.00 10280.00
MAJOR CATIONS

Calcium (mg/1) 57.20 42.00 327.00 296.00 390.00 380.00
Magnesium (mg/1) 27.00 27.00 158.00 161.00 170,00 170.00
Potassium (mg/1) 11.60 15.00 24 .00 21.90 23.50 23.90
Sodium {mg/1) 3490.00 3890.00 3780.C0 3940.00 4730.00 4860.00
Major Anions tmeg/1} 179.12 177.92 195.21 199.53 234.07 252.94
Major Cations ‘meq/1) 157.18 165.21 194.35 199.96 239.79 244.96
Charge Balance {percent) 6.52 3.70 .22 0.11 1.21 1.60
TRACE METALS {Dissolved)

Arsenic (mg/1) -0.005 -0.008 -0.0C5 -0.005 -0.005 -0.005
Chromium (mg/1) N N N N N N
Copper (mg/1) -0.010 -0.010 -0.010 -0.010 -0.010 -0.012
Mercury' (mg/1) -0.00100 -0.00100 -0.00100 -0.00100 -0.00100 -0.00100
Silver (mg/1)} -0.010 -0.010 -0.010 -0.010 -0.010 -0.019
Zinc (mg/1) -0.025 -0.025 0.050 0.020 0.280 -0.050
Radium 226 (pCi/1) N N N N N N
Radium 228 {(pCi/1) N N N N N N
Barium {mg/1) 0.010 0.010 -0.500 -0.500 0.010 0.010
Cadmium (mg/1) -0.0010 -0.0010 -0.0020 0.0110 -0.0010 -0.0012
Iron {mg/1) 0.180 0.100 -0.050 0.190 1.350 1.880
Total Iron (mg/1) 0.17 0.21 20.00 1.25 2.08 1.79
Lead (mg/1) -0.005 -0.008 -0.005 -0.00S -0.005 -0.005
Manganese (mg/1) 0.108 0.144 31,260 2.730 3.730 0:132
Total Manganese (mg/1) 0.13 0.16 3.55 2.54 4.08 3.60
Selenium (mg/1) -0.005 -0.005 -0.005 -0.005 -0.005 -0.005

Note: N => No measurement
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BHP Minerals Navajo Mine 06/02/99 Page 13

NAVAJO MINE
3HP NAVAJO MINE

13%8 ANNUAL HYDROLCGY REPORT
3ROUNDWATER QUALITY REPORT

Aquifer: SPOIL

Station Name: 3ITSUI-6 2ITSUI-§ BITSUI-6 2ITSUI-$ BITSUI-6
Sample Date: 22712/97 06/i8/97 10/02/97 31/20/¢8 03/26/98
LABORATORY MEASUREMENTS

pH (Lab) {(s.U.) 3.80 6.60 6.70 6.80 6.70
Conductivity (Lab) (umho/cm) 7780 1780 15900 23200 17400

TDS (180 deg C} {mg/1) 16200 14500 14700 14300
Boron (mg/1) 2.61 2.04 2.26 2.34
Fluoride {mg/1) 0.28 0.26 0.27 0.33
NUTRIENTS

Nitrate as N (mg/1) 0.07 N N N N
Nitrite as N (mg/1} N N N

Nitrate + Nitrite as N {(mg/l) N -0.05 0.30 0.21 0.21
MAJOR ANIONS

Bicarbonate as CaCo03 (mg/1) N N N N N
Carbonate as CaCO3 (mg/1) N N N N N
Bicarbonate as HCO3 {mg/1) 1230.00 1540.00 1420.00 744.00 1490.00
Carbonate as CO3 {mg/1) -1.00 -1.00 ~1.00 -1.00 -1.00
Chloride (mg/1) 460.00 450.00 470.00 364.00 ’ 354.00
Sulfate {mg/1) $818.00 9920.00 8710.00 7810.00 7610.00
MAJOR CATIONS

Calcium {mg/1) 377.00 360.00 389.00 332.00 238.00
Magnesium (mg/1) 154.00 145.00 183.00 165.00 139.00
Potassium (mg/1) 25.00 26.90 11.40 18.50 21.00
Sodium (mg/1) 3$529.00 3880.00 4560.00 2180.00 3570.00
Major Anions (meq/1) I42.46 244 .47 217.90 185.08 192.87
Major Cations (meq/1) 234.30 199.35 233.11 168.94 179.15
Charge Balance {percent) 171 10.17 3.37 4.56 2.69
TRACE METALS (Dissolved)

Arsenic {mg/1) -0.005 -0.005 -0.005 -0.005 -0.005
Chromium (mg/1} N N N N N
Copper {mg/1} -0.010 -0.010 -0.010 -0.010 -0.010
Mercury (mg/1) -0.00100 -3.00100 -0.00100 -0.00100 -0.00100
Silver (mg/1) -0.010 0.040 -0.010 -0.010 -0.010
Zinc (mg/1} -0.050 0.030 -0.025 -0.020 -0.025
Radium 226 (pCi/1} N N N N N
Radium 228 {pCi/1) N N N N N
Barium (mg/1} 0.010 -0.010 0.010 0.010 0.020
Cadmium (mg/1) 0.0010 -0.0010 -0.0010 -0.0010 -0.0010
Iron (mg/1) 0.800 1.320 0.490 0.740 0.780
Total Iron (mg/1} 1.28 1.36 0.41 0.96 1.18
Lead {mg/1) -0.008 -0.005 -0.005 -0.005 -0.005
Manganese (mg/1) 3.620 3.600 3.510 4.350 6.600
Total Manganese (mg/1) 3.58 3.39 1.24 4.48 6.48
Selenium (mg/1) -0.005 -0.005 -0.005 -0.005 -0.005

Note: N => No measurement
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BHP Minerais Navajo Mine 56/02/59 Page 1
NAVAJO MINE
3HP NAVAJO MINE
' 1598 ANNUAL HYDROLOGY X
GROUNDWATER STATISTICAL XZPORT
Station: BITSUI-1
std Coef Maximum Minimum Max Value Min Value # of

Mean Cev var Range Value Value Found Found Samp
LABORATCRY MEASUREMENTS
pH (Lab) (s.U.) 8.79 8.90 8.50 10/18/95 06/21/96 12
Conductivity (Lab) (umho/cm) 18031 6117 34 25032 25900 868 05/19/95 06/21/96 12
TDS {150 deg C) (mg/l) 14564 €52 4 2200 15400 13200 03/12/97 04/09/96 11
Borxon (mg/1) 8.92 1.128 16 5.12 12.10 6.98 03/26/98 10/18/95 11
Fluoride {mg/1) 2.52 0.84 33 3.81 4.39 0.58 01/02/96 06/21/96 12
NUTRIENTS
Nitrate as N {mg/1) 0.79 0.89 113 2.40 2.40 0.01 04/27/95 10/18/95 8
Nitrite as N {mg/ 1} 0.04 0.07 186 0.20 0.20 0.01 04/09/96 03/01/95 7
Nitrate + Nitrite as N (mg/l) 0.11 0.14 133 0.25 0.27 0.03 10/01/97 01/20/98 3
MAJOR ANIONS
Bicarbonate as HCO3 (mg/1) 928.25  288.89 31 1067.00 1190.00 123.00 63/12/97 06/21/96 12
Bicarbonate as CaCO3 {mg/1) 0
Carbonate as CaCO3 (mg/1) 0
Carbonace as CO3 (mg/1} 89.73 38.50 43 167.12 %70.00 2.88 01/20/98 06/21/96 12
Chloride (mg/1) 1806.82  569.97 32 2251.20 2310.00 58.80 ©9/27/96 ©06/21/96 12
Sulfate (mg/1) 6330.75 1951.90 31 7327.00 7588.00 261.00 03/12/97 06/21/96 12
MAJOR CATIONS
Calcium (mg/1) 73.10 62.36 §s  225.00 270.00 45.00 04/09/96 05/19/95 12
Magnesium (mg/1) 36.42 26.67 73  107.30 119.00 11.70 04/09/96 06/21/96 12
Potassium (mg/1}) 20.70 12.91 62 51.65 54.00 2.35 04/27/95 06/21/96 12
Sodium (mg/l)  4349.75 1409.23 32 5060.00 5180.00 120.00 89/27/96 06/21/96 12
Major Anions {meq/1) 201.02 61.85 31 233.32  242.53 9.21 09/27/96 06/21/96 12
Major Cations (meq/1) 196.38 61.53 11 221.87 230.93 9.06 09/27/96 06/21/96 12
Charge Balance (percent) 2.17 2.39 110 9.07 9.27 0.20 01/20/98 10/18/95 12
TRACE METALS (Dissolved)
Arsenac (mg/1} 0.050 0.087 173 0.308 0.310 0.003 ©03/12/97 06/21/96 11
Chromium (mg/1) 0.0050 0.0000 0.0050 0.0050 06/21/96 06/21/96 1
Copper {mg/1) 0.005 €.000 0 0.000 0.005 0.005  03/01/95 03/01/95 9
Mercury (mg/1) 0.00050 .0.90000 ] 0.00000 0.00050 0.00050 03/01/95 03/01/95 9
Silver (mg/1) 0.005 0.000 0.000 0.005 0.005 03/01/95 03/01/95 11
Zinc (mg/1) 0.016 0.014 87 0.045 0.050 0.005 ©03/01/95 04/27/95 11
Radium 226 (pCi/l) 0
Radium 228 {pCi/l) 0
Barium {mg/1) 0.106 c.106 100 0.225 0.250 0.025 04/27/95 03/01/95 12
Cadmium {mg/1) 0.0010  0.3008 80 0.0025 0.0030 0.0005 03/01/95 06/21/96 12
Iron (mg/1) 0.168 0.164 98 0.425 0.450 0.025 04/09/96 03/01/95 12
Total Iron (mg/1) 2.55 5.96 234 21.28 21.40 0.12 04/09/96 06/21/96 12
Lead (mg/1) 0.005 0.007 124 0.023 0.025 0.003 05/19/95 10/18/95 12
Manganese (mg/1) 0.156 0.104 66 0.371 0.391 0.020 03/26/98 06/21/96 12
Total Manganese (mg/1) 0.17 0.16 95 0.55 0.57 0.02 04/09/96 06/21/96 12
Selenium (mg/1)} 0.007 0.004 58 0.014 0.016 0.003 12/18/95 03/12/37 12

Below detection limit values included at 0.5 times detection limit.
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EHP Minerals Navajo M &2

NAVAJO MINE

SROUNDWATER STATISTIC

Station: BITSUZ-

LABORATORY MEASUREMENTS

pH (Lab) {$.U.)
Conductivity (Lab) ‘umho/cm)
TDS {180 deg C) (mg/1)
Boron (mg/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N (mg/1)
Nitrite as N (mg/1)

Nitrate + Nitrite as N (mg/l)

MAJOR ANIONS

Bicarbonate as HCO3 - (mg/1)
Bicarbonate as CaCO3 (mg/1)
Carbonate as CaCO3 (mg/1)
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)

MAJOR CATIONS

Calcium {mg/1)
Magnesium (mg/1)
Potassium (mg/1}
Sodium {mg/1)
Major Anions {meq/1)
Major Cations (meq/1)
Charge Balance .percent)

TRACE METALS (Dissolved)

Arsenic (mg/1)
Chromium (mg/1)
Copper (mg/1)
Mercury (mg/1)
Silver img/1)
Zinc (mg/1)
Radium 226 (pCi/1)
Radium 228 (pCi/1)
Barium {mg/1)
Cadmium (mg/1)
Iron (mg/1)
Total Iron (mg/1)
Lead (mg/1})
Manganese (mg/1)
Total Manganese (mg/1)
Selenium {mg/1)

Mean

3.00
7836 2
4805

0.91

1.73

0.26
0.02
0.05

3129.43

2.43
1108.86
107.61

10.29
3.55
6.14

1885.86

84.89

82.99
2.01

0.003
0.007S
0.008
0.00050
0.008
0.017

2.648
0.0007
0.030
0.12
0.003
0.008
0.03
0.003

BHP NAVAJO MINE
1398 ANNUAL HYDROLOGY REPORT

REPORT
std Coef
Dev Var

021 26
968 20
0.20 22
0.3% 23
0.35 133
0.02 83
0.05 97
883.17 28
7.94 327
287.98 26
194.34 181
17.34 168
5.68 160
2.72 414
451.15 24
18.35 22
18.39 22
1.80 89
0.000 0
0.0035 47
0.011 129
0.00000 Q
0.012 147
0.009 53
0.776 29
0.0003 36
0.033 109
0.12 $S
0.000
0.00S 62
0.05 185
0.001 34

35/02/99 Page 2
Maximum Minimum
Range Value Value
8.50 7.90
10070 12100 2030
3740 5190 1450
3.79 1.06 3.27
1.87 2.66 3.79
1.01 1.01 0.01
0.05 .05 0.01
0.10 0.12 0.03
31428.00 3610.00 182.00
30.00 30.00 0.00
1140.00 1270.00 130.00
738.50 744.00 4.50
66.70 70.390 3.60
22.10 23.20 1.10
21.40 132.00 1.60
1830.00 2220.00 390.00
71.70 94.84 23.14
74.69 $7.18 22.49
5.39 5.458 0.10
9.000 0.003 0.003
2.0050 0.0100 0.0050
0.035 0.040 0.005
9.00000 0.00050 0.00050
0.045 0.050 0.00S
0.025 0.030 0.005
3.100 3.130 0.030
J.000S 0.0010 0.0005
¢.130 0.140 0.010
0.46 0.48 0.03
0.000 0.003 0.003
0.018 0.020 0.003
0.18 0.18 0.01
.0.004 0.006 0.003

Below detection limit values included at 0.5 times detection limit.
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Max Value

Found

06/21/96
05/19/95
01/22/98
03/26/98
01/02/96

09/27/96
05/19/95
01/22/58

01/02/96

06/21/96
01/10/97
06/21/96

06/21/96
06/21/96
04/27/95
01/10/97
09/27/96
01/106/97
03/26/98

03/02/95
03/02/95
01/22/98
03/02/95
06/18/97
05/19/95

03/26/98
03/02/95
06/21/96
10/01/97
03/02/95
06/21/96
10/01/97
06/21/96

Min Valiue # of

Found

01/02/95
06/21/96
06/21/9§
06/21/56
03/02/35

03/02/95
03/02/95
06/18/97

06/21/96

03/02/95
06/21/96
01/02/36

03/02/95
01/22/98
05/19/95
06/21/96
06/21/56
06/21/96
01/22/5%

03/02/35
06/21/5%%
03/02/35
03/02/95
03/02/95
03/02/35

06/21/96
06/21/56
06/18/27
10/18/85
03/02/25
06/18/27
09/27/3%
03/02/55

Samp

14
14
14
14
14

14

14
14
14

14
14
14

14
14
14



BHP Minerals Navajo Mine 06/02/9% Fage

NAVAJO MINE
SHP NAVAJC MINE
©23% ANNUAL HYDROLCGY REPORT
SRCUNDWATER STATISTICAL REPORT

3

Station: BITSUI-3
Std Coef Maximum Minimum

Mean Dev var Range Value Value
LABORATORY MEASUREMENTS
pH (Lab) {8.U." 7.52 7.79 7.30
Conductivity (Lab) {umho/cm) 12958 732 6 2700 14600 11900
TDS (180 deg C) (mg/1l} 7981 185 2 490 8220 7730
Boron (mg/l) 1.05 D.06 5 0.23 1.15 0.92
Fluoride (mg/1) 0.96 0.31 i3 1.27 1.27 0.01
NUTRIENTS
Nitrate as N (mg/1} 0.74 1.34 181 4.10 4.10 0.01
Nitrite as N (ma/1) 0.01 0.01 79 0.02 0.03 0.01
Nitrate + Nitrite as N (mg/l} 0.15 0.13 93 0.27 0.29 0.03
MAJOR ANIONS
Bicarbonate as HCO3 img/1) 2868.59 £08.83 32 3286.88 3290.00 3.12
Bicarbonate as CaCo03 (mg/1}
Carbonate as CaCO3 (mg/1)
Carbonate as CO3 (rg/1} 0.29 9.26 88 0.50 0.50 0.00
Chloride (mg/1) 2835.83 213.31 8 730.00 3160.00 2430.00
Sulfate (mg/1) 427.50 130.66 31 412.00 604.00 192.00

MAJOR CATIONS
Calcium {mg/1) 27.05 23.36 86 89.00 100.00

Magnesium (mg/1) 9.09 2.33 26 6.80 12.00
Potassium {mg/1; 13.58 10.80 80 42.10 44.00
Sodium {mg/1) 3184.42 219.57 7 830.00 3420.00 2
Major Anions (meq/1) 135.94 15.70 12 61.23 150.09
Major Cations imeq/1} 140.96 9.96 ? 36.06 150.51
Charge Balance {percent) 3.67 6.12 167 22.38 22.82

TRACE METALS (Dissolved}

Arsenic (mg/1) 0.003 2.000 0 0.000 c.003
Chromium {mg/1) 0.0100 0.0000 0.90100
Copper (mg/1} 0.008 0.008 105 0.025 2.030
Mercury (mg/1) 0.00050 0.00000 0 0.00000 0©.20050
Silver (mg/1) 0.00S 0.000 0 0.000 J3.005
Zinc (mg/1} 0.021 0.027 128 0.095 0.100
Radium 226 (pCi/1)

Radium 228 {pCi/l)

Barium (mg/1) 0.778 1.632 210 5.800 5.850
Cadmium (mg/1) 0.0011 9.0011 95 0.0035 0.0040
Iron (mg/1) 0.110 0.117 107 0.390 0.400
Total Iron {(mg/1} 0.35 0.24 68 0.73 0.85
Lead (mg/1} 0.008 0.010 136 0.031 0.033
Manganese {mg/1) 0.007 0.003 45 0.008 G.0l0
Total Manganese {ma/1) 0.01 0.01 76 0.03 0.03
Selenium {mg/l}) 0.003 0.000 0 0.000 9.003

Below detection limit values included at 0.5 times detection limit.
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11.00
5.20
1.90

590.00
88.86
114.45
0.14

0.003
0.0100
0.005
0.00050
0.005
¢.00S

0.050
0.0005
0.010
0.12
0.003
0.003
0.0
0.003

Max Value

Found

03/25/96
05/18/95
01/10/97
03/25/96
12/29/95

04/27/95
12/29%/95
10/01/97

03/25/96

03/25/96
04/27/95
03/25/96

10/01/97
04/27/95
04/27/95
09/26/96
09/26/96
09/26/96
03/02/95

03/02/95
03/02/95
01/22/98
03/02/95
03/02/95
05/18/95

03/12/97
03/02/95
03/25/96
03/25/96
04/27/95
03/02/95
10/01/97
03/02/95

Min Value # of

Found

05/18/95
01/22/98
05/18/95
10/18/95
03/02/95

05/18/95
03/02/95
03/26/98

03/02/95

03/02/95
03/26/98
05/18/95

03/02/9%
03/02/95
10/01/97
031/26/98
03/02/95
03/26/98
09/26/96

03/02/95
03/02/9S
03/02/95
03/02/95
03/02/95
03/02/95

01/22/98
09/26/96
10/01/%7
10/18/95
10/18/95
01/22/98
09/26/96
03/02/95

Samp

12
12

12

12

12
12
12

12
12
12
12
12
12
12

11

10
10
11
11

12
12
12
N

12
12
12
12



=Hp Minerals Navajo Mine
NAVAJO MINE

1398 ANNUAL -

3HP NAVASC MINE
TROLOGY REPORT

GROUNDWATER STATISTICAL REPORT

Station: 3ITSUI-4

LABORATORY MEASUREMENTS

pH (Lab) (s.u.)
Conductivity {(Lab) {umho/cm}
DS (180 deg C) (mg/1)
Boron {mg/1)
Fluoride (mg/1)
NUTRIENTS

Nitrate as N {mg/1)
Nitrite as N {mg/1)

Nitrate + Nitrite as N (mg/l)

MAJOR ANIONS

Bicarbonate as HCO3 (mg/1)
Bicarbonate as CaCO3 (mg/1)
Carbonate as CaCO03 {mg/1)
Carbonate as CO3 (mg/1)
Chloride (mg/1)
Sulfate (mg/1)

MAJOR CATIONS

Caleium (mg/1}
Magnesium {mg/1)
Potassium (mg/1)
Sodium (mg/1)
Major Anions (meq/1)
Major Cations (meq/1}
Charge Balance (percent)

TRACE METALS (Dissolved)

Arsenic (mg/1)
Chromium (mg/1)
Copper {mg/1)
Mercury (mg/1)
Silver {mg/1)
Zinc (mg/1)
Radium 226 (pCi/1)
Radium 228 {pCi/1}
Barium (mg/1)
Cadmium (mg/1)
Iron (mg/1)
Total Iron (mg/ 1)
Lead (mg/1)
Manganese (mg/1)
Total Manganese (mg/1)
Selenium (mg/1)

std
¥ean Dev
§.87
17878 2794
14878 897
.88 0.23
3.31 0.03
.48 0.55
c.02 0.02
0.17 0.13
651,21 237.93
.39 0.22
£34.97 200.25
§359.44 834.92
228.67 85.14
127.33 6.73
77.68 172.67
4399.33 449.09
216.23 21.83
2i5.22 20.27
2.37 1.55
2.303 0.000
2.005 0.000
£.00050 0.00000
¢.005 0.000
0.037 0.041
0.03% 0.079
0.0007 0.0002
0.418 0.282
3.42 5.18
s.003 0.000
2.781 0.661
2.31 0.91
0.003 0.000

Coef

Var

16

14

114
101
76

14

37
10

37
S
222
10
10
9
63

o O O

111

201
37
67

151

24
31

06/02/99 Page

Range

10200
3300

-

.18

760.00

0.50
650.30
2780.00

272.00
23.00
527.80
1260.00
67.61
56.31
4.13

0.000

0.000

0.000
0.000
0.130

0.245
0.000
0.865
15.923
0.000
2.190
3.14
0.000

Below detection limit values included at 0.5 times detection limit.
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4

Maximum Minimum

Max Value Min Value # of

Value Value Found
7.10 6.80 02/12/96
24600 14400 01/20/98
16100 13100 03/12/97
2.24 1.49 01/20/98
0.34 0.26 03/26/98
1.20 0.03 02/12/96
0.05 0.01 04/10/96
0.27 0.03 10/02/97
1840.00 1080.00 03/12/97
0.50 0.00 04/10/96
6€96.00 45.70 10/02/97
9460.00 6680.00 01/13/97
287.00 15.00 02/12/96
135.00 112.00 10/02/97
538.00 10.20 01/26/96
4920.00 3660.00 10/02/97
244.25 176.64 01/13/97
239.55  183.24 10/02/97
4.33 9.20 02/12/96
0.003 2.003 01/26/96
0.005 0.005 01/26/96
00 0.00050 0.00050 01/26/96
0.005 0.005 01/26/96
0.140 0.010 02/12/96
0.250 0.005 02/12/96
§ 0.0010 0.0005 01/26/96
0.890 0.025 03/26/98
16.60 3.67 02/12/96
0.003 0.003 01/26/96
4.270 2.080 03/26/98
5.09 1.95 03/26/98
0.003 2.003 01/26/96

Found

10/02/96
02/12/96
02/12/96
02/12/96
10/02/97

03/12/97
01/26/96
03/26/98

01/20/98

01/26/96
10/02/96
02/12/96

01/26/96
03/26/98
10/02/97
01/20/98
02/12/96
01/20/98
01/26/96

01/26/96

01/26/96
01/26/96
01/26/96
01/20/98

01/20/98
10/02/96
01/26/96
01/13/97
01/26/96
03/12/97
03/12/97
01/26/96

Samp

W W W W W

w W W O O v

W W W W W W W
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BHP Minera.s Navajo Mine 26/62/93 Page S

NAVAJC MINE
SHP NAVAJO MINE
1298 ANNUAL HYDROLOGY REIFORT
GROUNDWATER STATISTICAL REZPORT

Statien: BITSUI-S
std Coef Maximum Minimum Max Value Min Value # of

Mean Dev vVar Range Jalue Value Found Found Samp
LABORATCRY MEASUREMENTS
pH (Lab) (s.9.) 7.41 7.50 7.40 04/11/96 02/13/96 9
Conductivity (Lab) {umho/cm) 15378 1785 12 6300 13300 13000 01/22/98 02/13/96 9
TDS (180 deg C) (mg/1) 1i422 612 s 2000 12300 10300 01/22/98 02/13/96 9
Boron (mg/1) 0.98 0.35 35 1.22 1.33 0.11 06/18/97 10/03/97 9
Fluoride (mg/1) 1,02 0.08 8 0.27 i.12 0.85 c1/22/98 10/03/97 9
NUTRIENTS
Nitrate as N (mg/1) 0.04 0.03 S0 0.08 2.09 0.01 01/10/97 02/13/96 5
Nitrite as N (mg/1) 0.03 0.00 0 0.00 0.03 0.03 02/13/96 02/13/96 3
Nitrace - Nitrite as N (mg/l} 0.15% 0.10 72 0.26 0.28 0.03 10/03/97 06/18/97 4
MAJOR ANICNS
Bicarbonate as HCO3 (mg/1} 2693.39 1012.17 38 3169.50 2170.00 0.50 02/13/96 06/18/97 9
Bicarbonate as CaCO3 {mg/1) 0
Carbonate as CaCO3 (mg/L) 0
Carbonate as CO3 (mg/1) 0.44 0.17 38 0.50 9.50 0.00 04/11/96 02/13/96 9
Chloride (mg/1) 1206.89 99.03 8 300.00 1330.00 1030.00 02/13/96 03/26/98 9
Sulfate {mg/1) 4626.22 494.09 11 1480.00 5030.00 3550.00 06/18/97 02/13/96 9
MAJOR CATICNS
Calcium (mg/1) 61.62 10.22 17 35.20 77.20 42.00 10/03/97 03/26/98 9
Magnesium (mg/1) 29.73 2.85 10 7.90 34.90 27.00 10/03/97 01/22/98 9
Potassium (mg/1} 13.80 2.21 16 6.20 15.60 10.40 ©5/18/97 01/10/97 9
Sodium (mg/1) 3871.00  246.47 6 810.00 4300.00 3490.00 06/18/97 ©1/22/98 9
Major Anicns {meq/1) 179.81 8.47 -1 24.84 188.21 163.37 10/03/97 02/13/96 9
Major Cat:wcns (meq/1} 174.26 10.99 6 36.45 193.63 157.18 06/18/97 01/22/98 9
Charge Balance (percent) 2.29 2.21 88 6.21 5.52 0.31 c1/22/98 02/13/96 9
TRACE METALS (Dissolved)
Arsenic (mg/1) 0.003 0.900 0 0.000 3.003 0.003 ©02/13/96 02/13/96 9
Chromium {mg/1) 0
Copper (mg/1) 0.00S Cc.000 o} 0.000 2.005 0.005 02/13/96 02/13/96 9
Mercury (mg/1) 0.00050 0.920000 0 0.00000 0.00050 0.00050 02/13/96 02/13/96 9
Silver (mg/1) 0.010 0.015 150 0.045 0.050 0.005 06/18/97 02/13/96 9
Zinc (mg/1) 1.515 4.454 297 13.490 13.500 0.010 10/03/96 02/13/96 9
Radium 226 (pCi/1) 0
Radium 228 (pCi/l) 0
Barium (mg/1) 0.062 0.106 171 0.245 9.250 0.005 02/13/96 06/18/97 9
Cadmium (mg/1) 0.0006 0.0002 36 0.0005 0.0010 0.0005 02/13/%6 10/03/96 9
Iron (mg/1) 0.221 0.133 60 0.470 0.480 0.010 02/13/96 10/03/97 9
Total Ircn (mg/1) 0.70 0.71 102 1.88 2.05 0.17 02/13/96 01/22/98 9
Lead (mg/1) 0.003 0.000 0 0.000 0.003 0.003 02/13/96 02/13/96 9
Manganese (mg/1) 0.134 0.113 84 0.408 0.410 0.003 02/13/96 10/03/97 9
Total Manganese (mg/1) 0.15 0.10 70 0.33 0.41 0.08 02/13/96 10/03/96 9
Selenium {mg/1l) 0.003 0.000 [} 0.000 0.003 0.003 02/13/96 02/13/96 9

Below detection limit values included at 0.5 times detection limit.
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34P Minerals Navajo
NAVAJO MINE

SEP NAVAJSC MINE

1998 ANNUAL HYDROLOGY

REPORT

GROUNDWATER STATISTICAL REPORT

Station: BITSTI-6
std

Mean Dev
LABORATORY MEASUREMENTS
pH (Lab) (8.U0.} 6.77
Conductivity (Lab) iumho/cm) 15687 5800
TDS {180 deg C) (mg/l) 15000 2289
Boron (mg/1) 2.18 0.41
Fluoride (mg/1} 0.41 0.35
NUTRIENTS
Nitrate as N {mg/1) 1.30 2.74
Nitrite as N (mg/1) 0.03 0.00
Nitrate + Nitrite as N (mg/1) 0.19 0.12
MAJOR ANIONS
Bicarbonate as HCC3 (mg/1) 1423.78 261.52
Bicarbonate as CaCo03 (mg/1)
Carbonate as CaCO3 (mg/1)
Carbonate as CO3 (mg/1) 0.44 0.17
Chloride (mg/1) 376.99 131.08
Sulfate (mg/1) 8849.78 1121.26
MAJOR CATIONS
Calcium (mg/1) 343.22 50.93
Magnesium (mg/1) 161.67 13.30
Potassium {mg/1) 21.79 4.58
Sodium (mg/1) 4125.44 €87.77
Major Anions (meq/1) 218.28 25.87
Major Cations {meq/1) 210.43 28.13
Charge Balance .percent) 2.96 3.11
TRACE METALS (Dissoived)
Arsenic (mg/1) 0.003 0.000
Chromium (mg/1}
Copper (mg/1) 0.005 0.000
Mercury {mg/1) 0.00050 0.00000
Silver {mg/1) 0.009 0.012
Zinc (mg/1) 0.052 0.086
Radium 226 (pCi/l)
Radium 228 {pCi/1)
Barium {mg/1) 0.064 0.106
Cadmium (mg/1) 0.0018 0.0035
Iron (mg/1) 0.842 0.591
Total Iron (mg/1) 3.37 6.25
Lead {mg/1) 0.003 0.000
Manganese (mg/1) 3.503 1.674
Total Manganese {mg/1} 3.66 1.41
Selenium (mg/1) 0.003 0.000

Coef

var

19

86

212

62

i8

38
35

]

165
195

70
186

48
39
0

15/02/99

Range

21420 2
3300 1

"
b
'S

6.18
9.00
0.28

876.00

0.50
433.10
2670.00 1

152.00
44.00
i5.50

1680.00
57.86
76.02
1C.06

PN

0.245
3.0105
1.855
13.59
9.000
5.470
£.24
c.000

Below detection limit values included at C.5 times detection limic.
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Maximum Minimum
Jalue Value
7.20 5.60
3200 1780
6500 13200
2.61 1.47
1.34 0.26
6.20 0.03
0.03 .03
0.30 0.03
1620.00 744.00
0.50 0.00
490.00 56.90
0280.00 7610.00
390.00 238.00
183.00 139.00
26.90 1l1.40
4860.00 3180.00
252.94 185.08
244.96 168.94
20.17 0.11
0.003 0.003
0.005 0.005
0 0.00050 0.00050
0.040 0.005
0.280 0.010
0.250 0.005
0.0110 0.0005
1.880 0.025
20.00 0.41
0.003 0.003
6.600 0.130
6.48 1.24
0.003 0.003

Max Value
Found

04/11/96
01/20/98
01/13/97
06/18/97
10/02/96

02/12/96
02/12/96
10/02/97

10/02/96

04/11/96
01/13/97
01/13/97

10/02/96
10/02/97
06/18/97
01/13/97
01/13/97
01/13/97
06/18/97

02/12/96

02/12/96
02/12/96
06/18/97
10/02/96

02/12/96
04/11/96
01/13/97
02/12/96
02/12/96
03/26/98
03/26/98
02/12/96

Min Vaiue # of
Found Samp
10/02/%6
06/18/97
02/12/26
04/11/95
10/02/97

w W YW wWw v

10/02/96 5
02/12/36 3
06/18/97 q

01/20/98

02/12/36
10/02/96
03/26/98

0w W O O W

03/26/98
03/26/98
10/02/97
01/20/98
01/20/98
01/2¢/98
04/12/36

W W W W W W o

02/12/36

02/12/56
02/12736
02/12/96
01/20/38

06/18/97
10/02/96
02/12/98
10/02/37
02/12/56
01/13/397
10/02/97
02/12/96

W W W W W W W WO O W W W W O W



EXP Minerals Navajo Mine 06/02/92 Fage 7
NAVAJO MINE
=HP NAVAJO MINE
=333 AWNUAL HYDROLOGY REPORT
SRCONTWATER STATISTICAL REPORT
Station: KF83-1
std Coef Maximum Minimum

Mean Dev var Range value Value
LABORATORY MEASUREMENTS
pH (Lab) iS.U. 7.81 8.68 7.60
Conductivity {(Lab) {umho/cmi 10876 1050 10 3900 12900 2000
TDS (180 deg C) (mg/1} 6919 549 8 1830 7500 5670
Boron img/ il 1.03 0.15 15 0.83 1.70 0.87
Fluoride {mg/1} 1.11 0.20 i8 0.74 1.57 0.83
NUTRIENTS
Nitrate as N (mg/1) 1.77 5.01 283 18.20 18.20 0.01
Nitrite as N (mg/1} 0.02 0.0 62 0.02 0.03 0.01
Nitrate + Nitrite as N (mg/1} 0.09 0.11 121 0.30 0.32 0.02
MAJOR ANIONS
Bicarbonate as HCO3 mg/1j 3064.35 399.67 13 1240.00 3740.00 2500.00
Bicarbonate as CaCO03 'mg/l} 2469.00 281.01 11 910.00 2790.00 1880.00
Carbonate as CaCO3 {(ma/i} 232.00 204.44 88 600.00 600.00 0.00
Carbonate as CO3 (mg/1} 0.35 0.23 67 0.50 0.50 0.00
Chloride (mg/1} 2171.93 §19.51 29 2637.00 2760.00 123.00
Sulfate (mg/1) 287.09  256.42 g9 975.00 980.00 5.00
MAJOR CATICONS
Calcium {mg/1) 18.47 6.15 33 27.90 28.00 0.10
Magnesium (mg/1} 6.78 1.96 29 9.80 13.00 3.20
Porassium {mg/1} 11.60 5.76 s0 25.20 31.00 5.80
Sodium {mg/1i 2598.56 212.07 8 840.00 3100.00 2260.00
Major Anions {meg/L!} 118.91 12.65 11 62.23 141.17 78.94
Major Cations {meq/i) 114.81 .50 8 37.53 136.95 99.42
Charge Balance {percent! 3.01 3.64 121 14.31 14.42 0.11
TRACE METALS (Dissolved)
Arsenic imgs1i 0.002 c.001 27 0.003 0.004 0.001
Chromium {mg/1} 0.0071 0.0040 57 0.0140 0.0150 0.0010
Copper img/1) 0.046 0.072 154 0.165 0.170 0.005
Mercury img/1) 0.00050 0.00000 0 0.00000 0.00050 0©0.00050
Silver (mg/1) 0.005 0.000 [} 0.000 0.005 0.005
Zinc (mg/1} 0.035 0.039 109 0.115 0.125 0.010
Radium 226 leCi/l} 2.2 0.7 32 2.4 3.4 1.0
Radium 228 {pCi/1} 2.3 2.8 122 9.4 9.5 0.1
Barium (mg/1) 1.859 2.265 122 6.595 6.600 0.005
Cadmium (mg/1) 0.0047 0.0171 362 0.0855 0.0900 0.0005
Iron mg/1} 0.298 0.605 203 2.975 3.000 0.025
Total Iron {mg/1) 0.28 0.31 112 1.04 .06 0.03
Lead tmg/1) 0.012 €.021 170 0.093 0.095 ¢.003
Manganese (mg/1} 0.049 0.0S0 103 0.208 9.210 0.003
Total Manganese (mg/1) 0.07 0.20 267 0.87 3.87 0.01
Selenium {mg/1l) 0.002 0.001 56 0.002 0.003 0.001

Below detection limit values included at 0.5 times detection limit.
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Max Value

Found

03/22/92
06/18/98
05/21/98
09/16/87
07/14/95

06/21/95
09/21/90
06/18/98

06/21/95
09/16/86
09/16/87
03/25/96
09/23/88
10/03/96

05/03/95
05/03/95
05/03/95
12/22/97
12/22/97
12/22/97
10/03/96

09/21/89
09/16/87
12/22/97
09/26/97
09/26/937
09/23/91
09/16/85
09/23/91
09/23/88
09/16/87
09/16/85
05/03/95
09/16/87
09/16/85
09/26/97
05/03/95

Min Value # of

Found

05/03/95
09/08/93
06/21/95
05/03/95
05/03/95

06/14/95
©5/03/95
09/23/91

09/26/97
09/16/87
09/23/88
05/03/95
10/03/96
09/23/88

09/26/97
09/26/97
09/26/97
07/14/95
10/03/96
07/14/95
06/21/95

09/23/91
09/16/86
09/26/97
09/26/97
09/26/97
12/22/97
09/16/86
09/21/89
07/01/97
09/16/86
05/03/9%
06/21/95
06/14/95
06/18/98
10/03/96
09/16/85

Samp

27
27
27
27
27

12
13

17
19
id

27
27
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CONCENTRATION VERSUS TIME PLOTS
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ATTACHMENT 3

Probable Hydrologic Consequences Study



11.6 PROBABLE HYDROLOGIC CONSEQUENCES

11.6.1 Summary of Probable Hydrologic Consequences

This Section provides a detailed assessment of the probable hydrologic consequences of mining
activities to surface and groundwater. The results and conclusions presented are based on
baseline groundwater and surface water information contained in CHAPTERS 6 and 7,

respectively.

Literature sources for this study include published and unpublished reports, papers, and data
authored or developed by several state and federal natural resource management agencies.
Reports published by private consultants and academic institutions were also used. Site-specific
data were developed through drilling, monitor/piezometer well installations, and pump testing as
described in CHAPTER 6. Additional data were provided from past geological investigations

and from observations made by BHP staff during the day-to-day operations of the mine.

Water quality parameters will be monitored to confirm predictions made in the PHC and reported

to the regulatory authority as outlined in CHAPTERS 6 and 7.

11.6.1.1 Groundwater

Probable hydrological consequences of mining activities upon the quality and quantity of
groundwater are negligible. As discussed in Section 11.6.2.2, groundwater quality is expected to
generally improve (metal concentration usually decreases while sulfate values increase) when
natural groundwater is exposed to spoil. When groundwater travels through the coal seams,
additional attenuation of some chemical species is also seen, further reducing the potential
impact of mining on regional groundwater quality. Mining activities are not expected to have a

degradation effect on any principal aquifer (Section 11.6.2.3). Impacts to the San Juan River

11-144 (9/93; 6/99)



water quality due to groundwater affected by mining are expected to be so small as to be

unmeasurable (Section 11.6.2.4).

The quantity of groundwater available is also expected to be essentially unchanged. As
discussed in Section 11.6.2.5, a slight drop in local water tables is expected while the pits are

open. Following mining, recharge to the aquifer along the disturbed zone is expected to increase.

Mining activities will not disrupt a developed water source (Section 11.6.2.5). Groundwater
quality in the Fruitland Formation is naturally poor and production is so low, that regional use is

virtually nonexistent (CHAPTER 6).

The collected baseline and monitoring data was used to describe and evaluate the geologic
setting of the mine and the occurrence of groundwater at the mine with respect to mining
operations and potential groundwater quality impacts. Based on drilling and excavation
activities, only the Quaternary Alluvium, the coal seams and inter-bedded lithologic units of the
Fruitland Formation, and the Pictured Cliffs Sandstone bear appreciable amounts of water within
the mine area. Water level determinations from mine area monitor and piezometer wells are

discussed in CHAPTER 6.

Estimates of groundwater flow velocities, projected travel times, and volumes of groundwater
flow were calculated for the evaluations of potential spoil leachate transport. These analyses
were compared with the results of the Leach study (APPENDIX 11-K) to determine the effect of

potential leachate transport to groundwater from CCB and spoil disposal.

No acid forming or toxic materials are present in the spoil or CCB as demonstrated by the
toxicity tests in APPENDIX 11-K. Characterization investigations conducted on CCB disposal
at Navajo Mine contained in APPENDIX 11-K demonstrate that no degradation effects will
occur to post-mine groundwater. In addition, analysis of solid samples of spoil and CCB

indicate that, except for boron, the two materials have similar parameter concentrations.

11-145 (9/93; 6/99)



COMPARISON OF NATURAL GROUNDWATER QUALITY
BEFORE AND AFTER LEACHING THROUGH A SPOIL MIXTURE

TABLE 11-14

Groundwater Composite 3 Leached
Parameter (Composite 5) (see through Spoil S-3 (see Percent
Table 27.B2 in Table 27.B17 in Change
APPENDIX 11-K) APPENDIX 11-K)
Acidity mg/1 CaC03 1 1 0
Alkalinity mg/1 CaC03 940 860 -9
Chloride mg/1 2000 320 -84
Cyanide mg/1 0.02 0.02 0
Fluoride mg/1 13 22 69
Nitrate mg/1 NO3 11 12 9
pH 95 83 -13
Phenolics mg/1 0.02 0.01 -50
Residue mg/1 4600 4800 4
Specific Conductance 8100 6840 -16
Sulfate mg/1 55 1800 3173
Aluminum mg/1 1.7 0.1 -94
Arsenic mg/1 0.017 0.003 -82
Barium mg/1 2.5 0.037 -99
Boron mg/1 0.42 0.5 19
Cadmium mg/1 0.0015 0.001 -33
Calcium mg/1 140 110 -21
Chromium mg/1 0.034 0.005 - 85
Cobalt mg/1 0.017 0.012 -29
Copper mg/1 0.04 0.02 -50
Iron mg/1 5.6 0.08 -99
Lead mg/1 0.08 0.03 -63
Magnesium mg/1 11 19 73
Manganese mg/1 0.7 0.26 - 63
Mercury mg/1 0.0002 0.0002 0
Molybdenum mg/1 0.007 0.007 0
Nickel mg/1 0.04 0.01 -75
Potassium mg/1 12 16 33
Selenium mg/1 0.02 0.02 0
Silver mg/1 0.0085 0.002 -76
Sodium mg/1 1600 1300 -19
Zinc mg/1 0.09 0.05 -44
Total Dissolved Metals  mg/1 1774.275 1446.137 - 18
11-146 (9/93)



CCB disposal does not adversely effect post-mine groundwater quality. The chemical effect is
dominantly a small change in the major ion chemistry (i.e., changes in sulfate and sodium
concentrations), as opposed to any degradation or harmful changes in groundwater quality.
Furthermore, spoil will likely cause similar or greater changes in post-mine water chemistry than

CCB disposal.

Navajo Mine well data collected from historic CCB disposal on pre-law and interim lands
(Supplemental Groundwater Study (SGS), APPENDIX 11-MM) support the leach study
conclusion of no degradation effects to groundwater. Conclusions reported in these two Navajo
Mine studies (Leach and SGS ) are further supported by independent research (U.S.G.S.) at other

western surface coal mines.

CCB disposal locations and techniques are described in Section 11.2.5.1.

11.6.1.2 Surface Water

A slight decrease in surface water availability is expected due to the improved infiltration of
topdressing materials placed on badlands areas (Section 11.6.3). Surface water quality is
expected to be at least as good as it was before mining as a result of the revegetation practices

outlined in Section 12.6.

Ephemeral surface flows are unpredictable and of such poor water quality, that essentially no use
is made of the water for agricultural or other purposes (CHAPTERS 6 and 7). Stock watering
ponds are the principal use made of water on or near the permit area. Steps are taken to assure

that this use is not impaired.
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Sediment control measures, as outlined in Section 11.2.10, will prevent additional contributions
of sediment to stream flow or to runoff outside the permit area. Sediment yield will thus not be
adversely affected. Acidity, total suspended and dissolved solids and other important water
quality parameters will not be adversely affected by mining activities. See APPENDIX 11-K,
TABLE 11-14 and Section 11.6.3 for details.

11.6.2 Assessment of Potential Groundwater Quality Impacts

The assessment of potential impacts to groundwater quality on any potential receptors caused by
Navajo Mine mining operations was evaluated using a groundwater and surface water leach
transport study. The study (APPENDIX 11-K) contains information on natural groundwater and
surface water quality and presents water quality changes when surface water and groundwater is

leached through representative spoils, fly ash, bottom ash, and mixtures of ash and spoil.
Baseline data used to determine transport mechanisms for post-mine groundwater is contained in
Chapter 5, - Geology and Chapter 6 - Groundwater. This information includes aquifer

characteristics, regional hydrology information, and geology.

11.6.2.1 Groundwater Quality Impacts due to Spoil

Laboratory analyses of Fruitland Formation coal seam water and spoil leachate indicate that
these waters are relatively poor in quality. Both water types exceed the New Mexico Quality
Control Commission (NMQCC) standards and criteria for groundwater for fluoride, chloride,
sulfate, and total dissolved solids. Table 14, from the leach study, shows natural groundwater

quality and the change in water quality when it is passed through the spoil mixture.

In most cases, when groundwater is exposed to spoils, the overall quality improves. In general,
most metal concentrations, such as iron, decrease after exposure to spoil. When groundwater
containing low sulfate levels interacts with the spoil, sulfate levels increase. Laboratory data

suggest that colloidal hydroxides are formed when the spoils and water interact. This intimate
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interaction and mixing facilitates the adsorption and precipitation of metals, thus reducing their

concentrations.

The attenuation data from the leach study showed that the concentrations of many parameters
would be reduced after contact with the coal seam. The results of these reductions or retardation
factors indicate that a contaminant plume would not migrate through the coal seam at the same

rate that water migrates.

The No. 2-3, No. 4-6, No. 7, and No. 8 Coal Seams at Navajo Mine were identified as the major
units capable of transporting leachate out of the mining area. Groundwater movement within
these seams, even under worst-case conditions, is no greater than 0.076 feet per day. Based on
this flow rate, the shortest time of travel for leachate-affected groundwater from the northern
most portion of the mine to a potential receptor point (San Juan River) was estimated to be about
200 years. Retardation factors for specific chemical species suggest that contaminants will lag

behind this flow rate by at least an order of magnitude.

When the coal seams and inter-bedded lithologic units of the Fruitland Formation are treated as a
single aquifer, groundwater movement, under worse case conditions, was 0.06 feet per day.
Based on this flow rate, and worse case assumptions, the shortest time of travel for leachate
affected groundwater from the northern most portion of the mine to reach the San Juan River was

estimated to be 240 years.

The travel time for groundwater from the permit area will be considerably greater. Not only is
travel time long, but the quantity of leachate-affected groundwater that could reach any potential

receptors is relatively small even under worst-case conditions. The flow rates are four orders of

magnitude (10‘4) smaller than those found in the San Juan River under extreme low-flow
conditions. Thus, this potentially affected groundwater would have no measurable impacts on

San Juan River water quality.
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Potential future use of groundwater within the reclaimed mine is negligible, due to the low
permeability of the spoil and poor water quality. In addition, the use of groundwater from
bedrock units near the mine is limited, due to the low permeability and poor water quality

historically encountered in these units.

While wells completed in the Quaternary Alluvium of the San Juan River Valley could
potentially intercept leachate-affected groundwater received from the coal seam alluvium
contact, the dilution of this groundwater by recharge from the San Juan River to the alluvium

will greatly reduce the impact of this addition.

In comparison, the estimated worst-case flow contribution of coal seam leachate to mean annual
flow in the San Juan River rates was determined to be 0.000002:1.0. For the historical low flow
in the San Juan River, this ratio is raised only to 0.0005:1.0. Thus, even when historical low
flows in the San Juan River are considered, the dilution rate for leachate-affected groundwater

would still be very high.
When the coal seams and inter-bedded lithologic units of the Fruitland Formation are treated as a
single aquifer, the estimated worse case flow contribution of leachate-affected groundwater to

mean annual flow in the San Juan River was determined to be 0.000074: 1.0.

11.6.2.2 Groundwater Impacts due to CCB Disposal

The probable hydrologic consequences resulting from pit disposal of CCB at Navajo Mine is no
degradation in the quality or quantity of post-mine groundwater. This probable consequence of
CCB disposal is the result of review and analysis of data collected from Navajo Mine and outside
sources. The data reviewed includes results of laboratory analysis on parameter concentrations
of the ash, leachate tests, water quality and quantity data from Navajo Mine ash and coal wells,

aquifer transmissivity tests. A literature review was also completed.
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Groundwater transport mechanisms discussed above for spoil are similar for the transport of
CCB leachate. Consequently, the analysis and discussion that follows focuses on potential

changes to post-mine groundwater chemistry due to CCB disposal.

Parameter concentrations (mg/kg) of a solid matrix of CCB and of spoil disposed of at Navajo
Mine are presented in Table 14a and 14b (Taken from the APPENDIX 11-K, Tables 27-B3 and
27-B4). The only notable parameter differences with the spoil are that fly ash has elevated
concentrations of boron, and slightly higher concentrations of selenium and barium. For the
remainder of the trace metals, the concentrations of spoil, fly ash and bottom ash are similar.
Both bottom ash and fly ash have lower concentrations of sulfate, sodium and calcium when

compared to spoil.

Fly ash and bottom ash are not classified as hazardous wastes. Solid samples of fly ash, bottom
ash and spoil were subjected to the Extraction Procedure (EP) Toxicity Test and the extract from
this procedure was subsequently analyzed for a suite of metals and general chemistry. The results
(APPENDIX 11-K, Table 27.B11) were all below the limits for EP toxicity used to classify a

material as toxic.

Table 14c¢ is a comparison of surface and groundwater concentrations before and after they have
been leached through different solid mixtures of spoil. The water chemistry of the leaching
groundwater or surface water that was used is also presented for further comparison. The data
presented in Table 14c was selectively obtained from data tables contained in Appendix 11-K.
Several general relationships are evident from Table 14c for both ground and surface water

follow.
L Surface water leached through fly ash or bottom ash had lower TDS than when

leached through either spoil S-4 or S-5 and is similar to the original concentration

of the surface water (pre-leach).
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TABLE 11-14a
ASH ANALYSIS SUMMARY
(TABLE 27-B3, APPENDIX K)

PARAMETER UNIT ASH
FLY ASH BOTTOM ASH
(No sludge)
Acidity® mg/kg CaCOs <100® 397
Alkalinity® mg/kg CaCO; 11,577 2,976
Chloride mg/kg 100 124
Cyanide mg/kg 0.20 0.22
Fluoride mg/kg 176 81
Nitrate” mg/kg No3-N <1 2
pH NA® NA
Phenolics mg/kg 1.29 1.36
Residue:
Filterable @ 180 °C mg/kg NA NA
Specific Conductance umhos/cm NA NA
@25°C
Sulfate”) mg/kg SO, 1,667 <100
Metals:
Aluminum mg/kg 6,600 2,000
Arsenic mg/kg 11 0.38
Barium mg/kg 850 420
Boron mg/kg 160 10
Cadmium mg/kg 0.4 <0.1
Calcium mg/kg 12,000 3,000
Chromium mg/kg 5 <1
Cobalt mg/kg 2 1
Copper mg/kg 0.063 0.023
Iron mg/kg 5,300 2,100
Lead mg/kg 26 <1
Magnesium mg/kg 530 150
Manganese mg/kg 99 32
Mercury mg/kg 0.2 <0.1
Molybdenum mg/kg <6 <6
Nickel mg/kg 2 <1
Potassium mg/kg 162 44
Selenium mg/kg 6.5 <2®
Silver mg/kg <0.2 <0.2
Sodium mg/kg 430 84
Zinc mg/kg 13 5

(1) Water leachable.

(2) NA —not analyzed.

(3) <-Less than.

(4) Higher detection limits due to matrix interference.
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(TABLE 27-B4 APPENDIX K)

TABLE 11-14b
SPOILS AND OVERBURDEN ANALYSIS SUMMARY

PARAMETER UNIT S1 S-2 S-3 S4 S-5 D-1 D-2
Acidity® mg/kg CaCO; 399 299 197 399 298 399 398
Alkalinity® mg/kg CaCO; 3,293 3,693 3945 3,593 3777 7,186 3,877
Chloride" mg/kg 250 150 246 200 248 399 149
Cyanide mg/kg 0.17 1.18 0.20 0.25 0.20 0.08 0.20
Fluoride mg/kg 471 463 420 575 503 403 332
Nitrate®”) mg/kg NO;-N 29 16 12 20 24 15 20
pH NA®@ NA NA NA NA NA NA
Phenolics mg/kg 1.09 1.19 1.09 1.18 1.05 0.90 1.98
Residue:
Filterable @ 180 ° C mg/kg NA NA NA NA NA NA NA

Speciﬁ(c) Conductance umhos/cm NA NA NA NA NA NA NA
@25°C

Sulfate mg/kg SO, 8,982 7,236 6,410 12,724 6,610 1,946 3,529

Metals:
Aluminum mg/kg 8,100 7,400 5,500 6,600 6,600 9,200 6,200
Arsenic mg/kg 6.5 6.0 36 17 43 4.5 4.6
Barium mg/kg 180 42 130 520 150 110 120
Boron mg/kg 9 8 4 <3® 4 <3 <3
Cadmium mg/kg 1.0 0.9 1.1 0.9 0.8 1.1 0.9
Calcium mg/kg 16,000 17,000 7,9000 9,500 27,000 14,000 11,000
Chromium mg/kg 3 3 2 3 3 6 6
Cobalt mg/kg 7 7 8 7 9 7 6
Copper mg/kg 11 6 6 15 9 10 0.143
Iron mg/kg 14,000 13,000 39,000 27,000 14,000 20,000 18,000
Lead mg/kg 35 32 58 35 32 42 72
Magnesium mg/kg 2,900 3,100 2,300 2,100 2,900 4,100 6,200
Manganese mg/kg 200 200 360 190 470 350 250
Mercury mg/kg <0.1 <0.1 0.2 0.8 <0.1 0.2 0.2
Molybdenum mg/kg <6 <6 <6 <6 <6 <6 <6
Nickel mg/kg 10 9 13 10 13 10 9
Potassium mg/kg 1,100 1,400 906 1,200 1,400 903 801
Selenium mg/kg <@ <2® <2® <@ <2® <1® <1®
Silver mg/kg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sodium mg/kg 2,600 2,700 2,700 3,500 2,700 2,900 1,400
Zinc mg/kg 66 63 58 71 69 63 56

(1) Water leachable.

(2) NA —not analyzed.

(3) <-Less than.

(4) Higher detection limits due to matrix interference.
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2. Concentrations in the surface water leachate for boron and selenium increased
when leached through fly ash. However, the levels of boron declined when
leached through a mixture of ash and spoil, and the increased selenium
concentrations are similar to the selenium concentrations in leachate produced by
spoil alone. The iron concentration in both surface and groundwater decreased

following leaching through spoil, CCB, or a mixture of the two.

3. Leachate produced from mixtures of ash and spoil has a lower TDS and lower

trace metal concentrations than natural groundwater from coal seam #4-6.

4. In general, the leachates produced do not widely differ from that of coal seam
groundwater. TDS concentrations in the leachate have increased (except for
bottom ash, which had a lower TDS than the groundwater) due to increases in
sulfate, calcium and chloride concentrations. However, the increased TDS
concentration is small in comparison to the original concentration of the coal

groundwater.

3. Trace metal concentrations are similar for all the leachates produced, with the
exception of fly ash alone, which increased boron concentrations. However,
boron concentrations in groundwater leached through a mixture of ash and spoil

are similar to the original concentration of the groundwater

The leach study predicts that in the event CCB should contact groundwater, regardless if the
water originates from coal seam groundwater or infiltrating surface water, no degradation to
post-mine groundwater should occur. The leach study concludes that the spoils are capable of
retarding the movement of metals in water. Specifically, levels of metals such as barium, iron,
selenium and lead decreased in some cases. Geochemical processes postulated as responsible are

adsorption; the high cation-exchange-capacity (CEC) measured in the spoil, and precipitation.
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Data collected during the Supplemental Groundwater Study (SGS) (APPENDIX 11-MM)
provide a field confirmation of laboratory predictions made in the leach study. The purpose of
the SGS was to investigate possible impacts to groundwater from previous CCB disposal at
Navajo Mine. The investigation was accomplished by installing six groundwater-monitoring
wells in and around ash and spoil disposal areas in Bitsui pit. The wells were monitored

quarterly for static water levels and water quality.

Results from the SGS and more recent monitoring indicate that parameter concentrations are
similar for water derived from an ash well when compared to water derived from a spoil well.
Monitoring data has recorded elevated levels of boron in well Bitsui-1. Bitsui-1 is screened in
ash and has approximately a fifty-foot column of water in the well. No other parameters in
Bitsui-1 are elevated relative to the down gradient spoil wells (Bitsui-4, Bitsui-5, and Bitsui-6).
TDS concentrations in Bitsui-4, Bitsui-1, Bitsui-6 are similar. A complete summary of data from
the SGS, including summary statistics, time verse concentration plots, and trilinear diagrams is in

APPENDIX 11-MM.

Elevated levels of boron from Bitsui-1 compare favorably with lab results and predictions made
in the leach study for surface and groundwater leached through fly ash. The lack of elevated
constituents in surrounding Bitsui spoil monitoring wells, particularly boron, confirms
predictions that geochemical processes within the spoil are attenuating metals migration and thus

limiting the extent of effects from saturated CCB.

A recent USGS report on the effects of coal mining in Montana on water quality documents that
as spoil water migrates through an unmined coal aquifer, TDS concentrations may decrease.
Clark (1995) reports that at the Decker Mine, TDS concentrations decreased from 4,100
milligrams per liter (mg/l) to 2,100 mg/l along a flow path from a spoils aquifer to a down
gradient coal aquifer. Geochemical processes postulated as responsible for the decrease in TDS
are sulfate reducing bacteria, reverse cation exchange of sodium for calcium, and precipitation of

carbonate and iron-sulfate minerals.
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The determination of no significant impact to post-mine groundwater from CCB disposal is
based on laboratory and field studies conducted at Navajo Mine. The primary basis for this
conclusion relies upon the basic chemical characteristics of the CCB. CCB are similar in
chemical composition to spoil with the exception that fly ash has greater concentrations of boron,
selenium and barium. EP Toxicity tests conducted on CCB determined that the material is not a
hazardous substance. Leachate studies and well monitoring verified changes in water chemistry
due to contact with spoil and CCB and that boron levels can increase within the ash alone.
However, the studies also verified that attenuation processes active in the spoil could reduce

metal concentrations, particularly boron.

If sufficient post-mine groundwater does contact the CCB in a large enough volume to migrate,
significant geochemical processes occurring along the migration flow path will likely diminish
the concentration of any elevated metals, such as boron. The same geochemical processes as
discussed above for spoil leachate (Section 11.6.2.2.1) may also reduce the salt load carried by
the post-mine groundwater. The small volume and slow rate at which post-mine groundwater
migrates toward a receiving water (i.e., San Juan River) will prevent detection of any effects

down gradient.

In the unlikely event that groundwater does saturate CCB, the probable result is that
concentrations of boron may increase and that the overall chemistry of the major ions will likely
change. However, as this water migrates into spoil following contact with the CCB, boron
concentrations are predicted to decrease due to attenuation. Other trace metal concentrations in
groundwater are not predicted to increase. In fact, changes to the water chemistry are as much

effected by spoil as by ash, particularly for infiltrating surface water.

This assessment, therefore, determined that the significance of potential groundwater quality

impacts of mining operations is minimal based on the following.

1. The estimated quality of leachate from mine spoil relative to the existing poor

groundwater quality in units directly contacted by the mine.
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2 The apparent chemical attenuation (retardation) potential of the spoils and coal

seams.
3. The low velocity of flow in the coal seams.
4. Regardless of whether CCB disposal is wet or dry, no degradation to post-mine

groundwater will occur.

5. The relatively benign nature of CCB.

6. Groundwater will not be significantly degraded should CCB actually contact
groundwater.
7. The high potential for dilution of any leachate-affected groundwater received by

the San Juan River and San Juan River Valley alluvial aquifer. Under a worst case
condition of post-mine groundwater discharge to a potable receiving water,
impacts will be so small as to be unmeasurable due to attenuation processes and

slow flow rates.

11.6.2.3 Potential Migration of Spoil Leachate in Groundwater

During mining operations, all strata overlying the Fruitland coal seams are stripped to expose the
coal for mining. As mining operations proceed, each cut is successively backfilled with spoil for

reclamation.

The coal seams and inter-bedded lithologic units of the Fruitland Formation are the only laterally
extensive water-bearing unit to be directly disturbed by mining operations. During mining
operations, each successive open cut will serve as a source of drawdown for water in the

overlying formations.
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The ten to twenty-five foot thick layer of shale separating the bottom of the lowest mineable coal
seam and the Pictured Cliffs Sandstone (see CHAPTER 6) acts to isolate groundwater in the
Pictured Cliffs from mining activities. To date, no noticeable upward seepage through the shale
or significant disruption of the mine floor (shale layer) has been observed in the pits, even
though some of the pits are significantly below the projected potentiometric levels that are found
in the Pictured Cliffs Formation. In the area of the Navajo Mine, the Pictured Cliff Sandstone
was found to yield very small quantities of poor quality water. It is, therefore, unlikely that
leachate will enter the Pictured Cliffs Sandstone and should it occur, the potential for the
transport of leachate and significant degradation of water quality in this unit would be extremely

small.

Because the coal seams will be disrupted by mining activities and spoil materials placed in the
reclaimed mine areas will directly abut the coal seams at the limits of the mine cuts, the coal
seams and inter-bedded lithologic units of the Fruitland Formation are considered to be the water
bearing units of principal concern, with respect to potential groundwater quality impacts of

mining.

11.6.2.3.1 Present Flow Conditions in Coal Seams of the Fruitland Formation

To evaluate the potential effects of the mine spoil on groundwater in the coal seams and inter-
bedded lithologic units of the Fruitland Formation, the flow characteristics of this unit were
determined. Groundwater flow conditions in the coal seams and inter-bedded lithologic units of
the Fruitland Formation were determined from water level data obtained from a system of
monitor/piezometer wells installed by BHP in the individual coal seams during the summer of
1983 and 1984 and from surrounding wells (see CHAPTER 6). From these data, potentiometric
maps (shown in EXHIBITS 6-2 through 6-5) were constructed.

Based on an analysis of these potentiometric surface maps, coal seam groundwater occurs
primarily under confined conditions within the mine area. Nearly all of the North Area and Area

IT Seams were found to be dry, with minor occurrences of water only near eastern and northern
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lease boundaries. In the southern part of Area III, all but the No. 8 Coal Seam was found to be

saturated throughout most of the permit area.

Discharge locations for the No. 8 Coal Seam included the outcrop (subcrop) locations in the San
Juan River Valley to the north and Cottonwood Arroyo Valley to the south, and down dip
towards the center of the San Juan Basin where the groundwater flow joins the regional flow to
the north. Discharge from the No. 7 Seam appears to be at Cottonwood Arroyo to the south and
down dip; however, very flat flow gradients were found. Discharge from the No. 4-6 and No. 2-
3 seams is principally at the Cottonwood Arroyo stream valley and down dip towards the middle

of the San Juan Basin where it also joins the regional flow north to the San Juan River.

The subcrop of the No. 8 Seam beneath the San Juan River Valley Alluvium occurs at elevations
below the water levels in the coal seam to the south. Based on the direction of flow indicated by
the potentiometric map for Coal Seam No. 8, this subcrop could serve as a discharge point for
this coal seam. However, no significant seeps or springs have been observed to date along the

exposure of the No. 8 Coal Seam in the San Juan River Valley north of the mine.

Discharge from the coal seam may also occur as leakage into the units which are above or below
the Fruitland Formation. Because of the significant thickness of shale, mudstone, and siltstone
which overlies the coal seam as the upper portion of the Fruitland Formation and the lower shale
member of the Kirtland Shale, upward leakage through these units is in all probability very small
and occurs only down dip from the mine. The layer of shale below the main coal seam (No. 8)
also serves to restrict inter-flow between the coal seam and the Pictured Cliffs Sandstone. This
conclusion is supported by observations made during mining, as discussed earlier. Potential
discharges of coal seam water to the Pictured Cliffs would be limited from further downward
migration by the extensive thickness of shale and other low permeability materials in the Lewis

Shale which is below the Pictured Cliffs.
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11.6.2.3.2 Structural Effects on Groundwater Flow

Small scale faults and related structural features were discovered
during mining and drilling operations within the mine lease area.
The effect of these small scale warps and faults on vertical
permeability of the coal seam and the hydraulic interconnection
between strata at the mine is not known. Because strata in the area
of the mine have not been intensively folded and faults in the
strata tend to be limited in displacement and extent, vertical
permeability between strata is probably limited by the lithologic
composition of the strata. The presence of perched groundwater
conditions within the coal seams and the absence of water in
adjacent units supports this assertion. A more detailed analysis
of the hydrogeologic effects of the various minor structural

features found at the mine are presented in CHAPTER 6.

11.6.2.3.3 Postmining Flow Conditions

Following the completion of mining activities, the last cuts will
be backfilled with mine spoil. These filled mine pits may then
begin to receive contributions of groundwater from their contacts
with the coal seams at the periphery of the reclaimed pits, and from
the alluvial subcrops to the west. Due to high evapotranspiration
rates, surface water percolation into the reclaimed spoil is
expected to be negligible, though higher than pre-mine conditions.
This conclusion is supported by infiltration studies by Stone (1984,
1986, 1987), which indicate that surface recharge rates for
reclaimed areas are approximately 0.003 inches per year. Pit inflow
modeling studies at mines adjacent to the Navajo Mine indicate that
water levels in the backfilled mine blocks generally rise at a rate
of less than one foot per year as a result of inflow received from
the coal seams (San Juan Coal Company, 1982; San Juan Coal Company,
1983).
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Based upon laboratory determinations, the hydraulic conductivity or
permeability for compacted backfilled spoil is in the range of 3.5
to 5.4 x 107° centimeter per second (APPENDIX 11-K). Uncompacted
spoils are expected to have permeabilities similar to that of the
Fruitland Formation as a whole. This conclusion is consistent with
dragline spoils permeability information reported by Van Vost et al.
(1976) . Thus, the permeability of backfilled materials is
approximately the same as that of the coal seams and interbedded
lithologic units of the Fruitland Formation; i.e., 1.2 feet per day.
As a result, groundwater flow through the mined out areas should be
roughly equivalent to that which occurred in these areas before
mining.

As water levels in the reclaimed mine areas rise with time, the pits
will receive successively less inflow from the coal seams. After
the water levels in the coal seams have sufficiently recovered, the
coal will begin to receive leachate from the spoil as groundwater
flows through the mine blocks. Rising water levels in the mine area
will cause water within the reclaimed mine blocks to abut the
undisturbed coal seams and interbedded lithologic units of the
Fruitland Formation at the periphery of the mine. The flow rate
through the Fruitland Formation is described in detail in CHAPTER
6.

After significant recovery has occurred in the coal, the area
discharge and recharge points to the north and south of the mine
should serve as the principal controls to flow in the Fruitland coal
seams. Due to the probable absence of a confining layer, water
table conditions will ultimately be attained in the reclaimed pits.
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11.6.2.3.4 Potential Rate of Spoil Leachate Transport

To evaluate the potential water quality impact of spoil on the coal
seams and on the interbedded lithologic units of the Fruitland
Formation, conceptual models for leachate transport were used. The
first conceptual model considered flow and discharge rates in the
coal seams and hydrologic relationships of the coal seams to
receptor points as a means of assessing leachate transport. This
model entails the simplification of the coal seam flow system for
calculation purposes. These simplification measures can be expected
to bias the calculated outcome to over predict leachate transport.
Estimates of hydraulic variables and physical relationships used for
the model are based on presently available data. Where known
variability exists in a given input value, the value selected for
computations represents the highest or lowest reasonable value
providing an over prediction (or conservative estimate) of potential
leachate migration.

Based on tests conducted by BHP, the permeability of the coal seams
appears to be very low and somewhat variable in the area of the
mine. The permeability is primarily attributable to cleating and
small scale fracturing of the coal. To provide a conservative
estimate of flow in the coal seam, favoring higher flow and leachate
transport rates, the highest wvalue of hydraulic conductivity
determined was used for the purposes of calculating flow towards
potential receptor points.
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11.6.2.3.4.1 North Area

No. 8 Coal Seam

As stated in CHAPTER 6, flow in the No. 8 Coal Seam is generally towards the east (down dip)
and towards major discharge points (e.g., San Juan River). Most of the permit area is dry with
limited saturated areas on the eastern permit boundary and to the north. For the purpose of this
evaluation, it is assumed that groundwater will extend throughout all areas where only partial
saturation currently exists and that flow will take place in one direction, towards the formation

contact in the San Juan River alluvial aquifer (see FIGURE 11-24). By assuming tflis hydrologic

I

scenario, a worst-case conceptual model is obtained.
|

The most northern portion of the mine area, where spoils will be placed, is approximately 6,000
feet from the formation contact with the San Juan River alluvial aquifer. Based on the highest
estimates of groundwater velocity (0.076 feet per day) and assuming that the leachate will take
the shortest path of travel, it is estimated that about 216 years would be required for leachate
emanating from the most northern area of the mine to reach the coal seam contact with the San
Juan River. Travel time from the permit area will be considerably greater as the nearest portion
of the permit area is an additional 20,000 feet from the most northern portion of the mine area.
As seen from FIGURE 11-24, the distance of flow from the most southern spoil area is about
43,000 feet. This distance corresponds with a leachate travel time to the San Juan alluvial

aquifer of about 1,568 years.
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No. 4-6 Coal Seam

The No. 4-6 Coal Seam is only partially saturated within the permit area. These saturated areas
are restricted to Area III and the extreme eastern permit boundary of mid-Area II. As discussed
in CHAPTER 6, the No. 4-6 unit pinches out entirely in the southern portion of the North Area.
Flow from this seam is then encompassed in that of the interbedded lithologic units of the

Fruitland Formation. Flow from the entire formation is considered in Section 11.6.2.3.4.3.

11.6.2.3.4.2 Areas II-1II

In Area II, the No. 8 Coal Seam was not found to contain water within the permit area. Because

of this fact, no transport of water will occur and no hydrologic impact assessment is needed.

As discussed in CHAPTER 6, the No. 8, 7, 4-6, and 2-3 Coal Seams all exhibit extremely low
permeabilities and flow velocities. Travel times for all these units from the extreme southern
portion of Area III, assuming that leachate will take the shortest path of travel towards
Cottonwood Arroyo located in Area IV North, are in excess of 1,000 years.

11.6.2.3.4.3 Coal Seams and Interbedded Lithologic Units Treated as a Single Aquifer

When the coal seams and interbedded lithologic units of the Fruitland Formation are treated as a
single aquifer, the potential migration of spoil leachate in groundwater is found to be similar to
that predicted using No. 8 Coal Seam (i.e., flow rates were found to be 0.06 feet per day). Travel
time, using the formation as a whole, from the northern most point on the mine to the San Juan

River was found to be at least 240 years. See CHAPTER 6 for a complete discussion.
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11.6.2.4 Potential Direct Impact to the San Juan River

In order to evaluate the potential impact of leachate on the San Juan River and its associated
alluvial aquifer, the volume of flow received from the mine area by the river valley alluvium, and
ultimately, the river was evaluated. As discussed earlier, the contact area between the San Juan
alluvial aquifer and the No. 8 Coal Seam can be considered as a primary discharge point. Little
is known about how much coal seam water from the mine area currently discharges dt the seam
outcrop along the walls of the San Juan River Valley and at the seam contact with river alluvium.
In actuality, most of the water flowing through the mine area may not discharge directly north to

the river valley but rather continue down dip toward the center of the San Juan I%asin and then

I

join the regional flow to the north. |

In the interest of arriving at a conservative estimate of leachate discharge to the alluvial aquifer
and river, it is assumed that all coal seam groundwater which flows through the mine area will
produce spoil leachate and that all of this leachate will enter the alluvial aquifer at the coal seam-
alluvium contact. Given that the general direction of flow is to the north and that the lateral
extent of the mine perpendicular to this flow direction is approximately 5,500 feet (as shown in
FIGURE 11-24), the discharge of spoil leachate to the alluvium can be estimated using the

following equation:

Q=v.Ng.L.M

where:

Q = Estimated discharge of spoil leachate-affected groundwater from the mine

to the alluvial aquifer (ft3/year)
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e |

v = Velocity of groundwater in the main coal seam = 27.7

ft/yr
N, = Effective porosity of the coal seam = 0.05
L = Lateral extent of the mine normal to the general

direction of flow in the coal seam = 5,500 ft
M = Estimated average thickness of the coal seam in the
southern area of the mine = 18 ft

Substitution values:

0O
it

(27.7 ft/year] . [0.05] . [5,500 ft] . [18 ft] or,

Q 137,300 ft’/yr or 3.1 acre/ft/yr

Based on the gross overestimation used in calculating the yearly
production of leachate-affected groundwater to the alluvial aquifer,
it is felt that the actual value of leachate inflow will be
considerably less. The results of these calculations, nonetheless,
demonstrate that the annual production of leachate-affected
groundwater to the river valley is small, especially when compared
to the average flow in the San Juan River.

Groundwater contributions to the San Juan River Valley alluvium from
bedrock sources are reported to be small (Stone et al., 1983).
Historical low flow discharge reported for the San Juan River at the
Farmington and Shiprock, New Mexico gauging stations (14 and 8 cfs,
respectively) (Stone et al., 1983) during the period of record (1935
to present) support this contention. In addition, relatively low
values of specific conductivity for wells completed in the river
valley alluvial aquifer in the area of the mine suggest that poor
quality water from bedrock sources is not a major source of recharge

to this aquifer.

11-162 (8/93)



Mean discharge for the San Juan River at the Farmington and Shiprock
gauging stations is reported as 2,370 and 2,175 cubic feet per
second, respectively (Stone et al., 1983). In relation to the
conservative estimate of spoil leachate discharge to the alluvial
aquifer and San Juan River from the coal seam, stream flows are very
large. Using the mean flow of the San Juan River at the Shiprock
station (as a conservative estimate for the San Juan River near
Waterflow, New Mexico) the ratio of the estimated discharge of spoil
leachate-affected groundwater from the coal seam to average

discharge in the San Juan River is:

R = -8:-
Where:

Q. = Estimated discharge of spoil leachate-affected ground-
water from the main coal seam to the San Juan River =
137,300 ft3/yr

Q; = Mean annual flow in the San Juan River at the Shiprock
Station = 2,175 ft*/sec x 3.1536 x 107 sec/yr = 6.86 x 10%°
fti/yr

_ 137,300 ft®/yr _ -6
or R = 6.56 et lom-ftg]yr— = 2.00 x 10

If the historical low discharge of 8 ft3/sec or 2.52 x 10% ft3/yr at

the Shiprock gauging station is used, the ratio becomes:

R = =Lz _—~=- /4" .. = 5.45 x 10"
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Given the calculations, the potential contribution of leachate-
affected groundwater to the San Juan River flow, even under extreme
low-flow conditions, will be extremely small. Based on the
laboratory determinations of leachate quality and chemical
interactions (attenuation potentials) and the flow calculations,
affected groundwater will have no significant effect on the quality
of water in the San Juan River.

Spoil leachate-affected groundwater could also possibly reach wells
completed in the San Juan River Valley alluvium, especially in the
vicinity of the coal seam alluvium contact. The impact, if any, of
leachate-affected groundwater reaching these wells will be
negligible because the majority of recharge received by this
aquifer, in the area of the mine, comes from the San Juan River
itself.

When the coal seams and interbedded 1lithologic units of the
Fruitland Formation are treated as a single aquifer, the direct
impact to the San Juan River is found to be negligible. The
estimated worse case flow contribution of leachate-affected
groundwater to mean annual flow in the San Juan River was determined
to be 0.000074:1.0. The impact from this small contribution is
expected to be unmeasurable. See CHAPTER 6.

11)6.2.5 Assessment of Potential Groundwater Quantity Impacts

The potential impact of mining activities on groundwater quantities
are addressed in detail in CHAPTER 6. In that analysis, a three
dimensional model was used to evaluate hydrologic consequences due
to stress propagation from pit inflow. The analysis showed that the
stress propagation resulted in minimal impacts to the hydraulic
regime as drawdowns of only two to three feet were computed near the
mine area for the coal seams and interbedded lithologic units of the
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Fruitland Formation. The Pictured Cliffs Sandstone unit is
projected to see a drawdown of less than 0.005 feet. The effects
of mining on the water bearing strata decrease by orders of
magnitude within a few miles of the mine area.

Average inflow to the entire mine area is projected to be
approximately 239 acre-feet per year over a total simulation time
of 12 years. This volume is predominately from storage with only
minor contributions (4 acre-feet) from captured surface flows.
Actual field experience indicates that this figure is probably very
generous as none of the pits collect sufficient groundwater to form
puddles or ponds which must be pumped to facilitate mining. The pit
floors remain dry except on rare occasions when surface flows are
captured. It is assumed that bedrock groundwater inflows to the

mine are minor and primarily consumed by evaporation from the
highwall.

Postmine surface recharge to the aquifers through the regraded
spoils is expected to be greater than pre-mine recharge, by
approximately 80 to 100 percent (Stone, 1987).

11.6.2.6 Assessment of Impact on Adjacent Groundwater Users

Wells located on or near the permit area are shown on FIGURE 11-25.
No use is made of BHP's wells located on or near the permit except
for taking water measurements. Other wells which could be impacted
by mining are located to the east and north of the permit area.
Wells located to the west and south will not be impacted as the
groundwater flows near the mine go east and then turn north, joining
the regional pattern.
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Evaluation of the wells whose water quality could potentially be
affected will proceed on a case by case basis. Numbers 70, 93, and
91 (FIGURE 11-25) of Township 26N, Range 16W are non-BHP wells to
the east of the permit boundary. All three are alluvial, hand dug
wells. They will not be affected as their source of water is
derived from a formation geologically above those potentially
impacted by contamination (i.e., Kirtland/ Fruitland Formation and
Pictured Cliffs Sandstone). Numbers 38, 44, and 46 are several
miles east of the permit boundary located in Township 27N, Range
15W. Number 46 is an alluvial, hand dug well and cannot be
impacted. Numbers 38 and 44 derive their source of water from the
Pictured Cliffs Sandstone. Water quality has caused 38 to be
abandoned and 44 to be classified unfit for human consumption.
Numbers 51 and 41 (Township 28N, Range 15W), are several miles east
of the permit boundary, and both have been abandoned . Based on the
velocity calculations above, they can be ruled out for further
evaluation. Number 149, in the southeast corner of Township 29N,
Range 15W, appears to be a test well installed by Public Service
Company of New Mexico. Between the mining area and the San Juan
River of Township 29N, Range 15W, there exist only three non-BHP
wells with associated beneficial uses (numbers 54, 56, and 146).
Wells north of the San Juan River are not considered, as the San
Juan acts as an aquifer discharge point in this vicinity (CHAPTER
6). Number 146 is an alluvial well, approximately 28 feet deep.
Ownership and usage is unknown, but the well appears to be attached
to a windmill. Numbers 54 and 56 are springs owned by the Navajo
Nation. It is unknown whether the springs are currently flowing.
Spring 56 appears to derive its source from the Pictured Cliffs
Sandstone, which has a permeability lower than the Fruitland
Formation. Consequently, migration rate through the Pictured Cliffs

would be less than the 0.06 feet/day as computed above. Spring 54
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surfaces from a terrace, and the ultimate water source is unknown. Uses for both springs include

domestic, stock and/or irrigation, with a total dissolved solids ranging from 600 to 700 mg/L.

Thus, over the vast majority of the permit boundary area, the only wells that could be potentially
affected by BHP activities are BHP wells. Given that the BHP wells are for monitoring
purposes, any potential impact to these wells does not preclude their use. The database and
analysis identify three locations (numbers 54, 56, and 146) within the range of potential
contaminant migration, if the source of water was derived from the Fruitland Formation. Given
the recharge mechanisms and dilution capabilities of the alluvial fill of the San Juan River,
potential impact to 146 is considered negligible. The ultimate source of water fronll Spring 54 is
unknown. The source of water to Spring 56 is from the Pictured Cliffs Sandstone.'i Groundwater
velocity through the Pictured Cliffs is estimated to be approximately 0.0003 feet/day (0.11
feet/year), based on an average gradient of 0.0038 ft/ft (CHAPTER 6), hydraulic conductivity of
0.007 ft/day, an effective porosity of 0.1, and use of the pore velocity equation presented in

CHAPTER 6.

11.6.3 Probable Hydrologic Consequences - Surface Water

11.6.3.1 Introduction

Baseline surface water information is provided in CHAPTER 7. Postmine surface water
drainage information is provided in Section 11.6.5 and 11.6.5.1. This subsection provides an
assessment of hydrologic impacts related to mining and reclamation activities planned for the

permit.
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As discussed in CHAPTER 7, there are eight drainages within the Permit Area. These drainages
are Bitsui Wash, Chinde Wash, Hosteen Wash, Barber Wash, Neck Arroyo, Lowe Arroyo,
Cottonwood Arroyo, and Pinabete Arroyo. Each of these drainages has been or will be disturbed
by mining activities. However, only a very minor portion of the Neck and Pinabete drainage

basins will be disturbed by mining activities.

Peak Flow, runoff volume, sediment yield, and peak sediment concentrations were predicted for
both pre- and postmine drainages for Chinde Wash, Hosteen Wash, Barber Wash, South Barber
Drainage, Neck Arroyo, Lowe Arroyo, Cottonwood Arroyo and the tributaries to the Chaco
Wash and Pinabete Arroyo that are projected to be disturbed. These estimates were developed
using the SEDCAD+ modeling technique as described in CHAPTER 7. Pre-mine and
undisturbed runoff curve numbers were developed from the soil cover complexes within each
drainage. For areas disturbed by mining, an analysis of the available topdressing types and
quantities was made (TABLES 11-15 and 11-16) to determine an appropriate curve number.
This analysis indicated that, as a whole, the available topdressing material has a curve number
close to that of the Shiprock Soil Complex "Sk" in TABLES 11-15 and 11-16. The curve

number of reclaimed areas was based on this soil type.

The Probable Hydrologic Consequences (PHC) analysis also includes a geomorphic
characterization and evaluation of reclaimed channels and surface topography. Dynamic
equilibrium is the criterion under which reclaimed stream channels are evaluated. From a
hydrologic perspective, postmining topography is evaluated on the basis of adequate drainage

density.
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TABLE 11-15
TOPDRESSING TYPES AND QUANTITIES

Soil Mapping Soil Mapping Units Percent of Soil volume (Cubic yards) Title of SCS Hydrologic
Unit Sympol Map Unit;; Areal Area li Area lll Area IV Total Soil Survey 4, Group
Ba Badland - 0 0 0 0 0

Bb Bacobi and 39 37,061 20,523 201,579 342,305 601,468 1 o]

- Monierco soils 61 57,967 32,101 315,290 535,401 940,759 2 D
Bc Blancot - 0 0 664,484 ] 664,484 %) B
8h Blancot, very hard - 0 0 307,680 0 307,680 B
Fa Farb and Persayo Soils - 8,024 83,158 0 161,922 253,104 2 p/D
Gr Grieta - 0 0 0 69,104 69,104 3 B
Jo Jocity - Gilco - 503,634 183.596 481270 1,525,313 2,693,813 3 8/B
Jh Jocity, very hard - 0 0 103.722 46,339 150.061 3 B
Ma Mack - 0 0 1.433,038 176,992  1,610.030 5 c
Mn Mayqueen - 295,981 55,176 0 23.851 375,008 V) B
Ms Mayqueen - Shiprock - 421,971 341,951 614,672 333,865 1,712,159 2 B
Mv Mayqueen - Shiprock, very hard - 85,805 0 61,024 0 146,829 2 B
Na Nakai - 0 0 0 53,010 53,010 4 B
Nt Natrargids - 0 6,628 0 0 6,628 2 D
Nv Natrargids, overblown - 2,159 82,861 97,028 218,490 400,538 2 D
Ra Razito - 599,753 521,804 458,595 311,260 1,891,412 5 A
th Razito. very hard - 73,893 0 21,089 196,707 291,689 5 A
Rl Redlands Variant - 19,683 33,505 945,193 331,678  1,330.058 5 B
Rv Rediands Variant, very hard - 0 0 105,452 61,901 167.353 5 B
Sc Shiprock - 192,636 540,865 868,130 160,006 1,761,637 2 B
Sh Shiprock, very hard - 22,430 21,812 67,523 143,239 255,004 2 B
Sl Shiprock - Blancot - 278,724 0 23,813 0 302,537 (2 B/B
Sv Shiprock Variant - 0 0 416,510 70,420 486.930 2 B
Sz Stumble - 0 0 15,596 105,082 120.678 2 A
Ta Trail - 0 23.210 0 0 23.210 5 A
Th Trail. very hard - 0 16.144 0 4538 20.682 5 A
TOTAL: 2589721 1963334 7.201.688 4871123 16.635.866

) This information was generated from Chapter 8 Soil Resources, Approved PAP for Navajo Mine.

@ Undifferentiated groups and complex soil mapping units were delineated if the major components
had contrasting hydrologic groups.

@ Percentages of each major mapping unit component were derived from Chapter 8.5.2 Soil Mapping Unit Descriptions,
Approved PAP for Navajo Mine.

@ 1= Soil Survey Coconino County, Arizona; 2= Soii Survey San Juan County, New Mexico, Eastern Part; 3= Soil Survey
Sandoval County, New Mexico; 4= Soit Survey San Juan County, Utah; 5= Soil Survey Shiprock Area, Parts Of San Juan
County, New Mexico and Apache County, Arizona.
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TABLE 11-16

LAND TYPES AND CURVE NUMBERS

Land Use/Condition \ Curve Numbers for Hydrologic Groups
A B C D
Reclaimed Lands @ 65 78 86 91
Undisturbed Lands © 65 78 86 91
NAP! Caltivated Lands 67 78 85 89

M

)

)

4)
(5)

Land use/conditions and the associated curve numbers were taken from
Ms. Pamela J. Schwab and Dr. Richard Warner (1987), "SEDCAD+
User's Manual", Civil Software Design, Table 5.3, pages 110-112.

From reference (1) the land use/condition for reclaimed lands is
between "Herbaceous" and "Desert Shrub", each with poor hydrologic
condition. The curve numbers were determined by interpolating between
the curve numbers associated with the two land use/conditions.

The type of land use/condition for undisturbed areas will be identical to
reclaimed lands (same curve numbers).

The type of land use/conditions selected form reference (1) is "Row
crops, Straight row" with good hydrologic conditions.

The hydrologic group classification for the soil types will be obtained
from the NRCS soil surveys.
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TABLE 11-16A

TOPDRESSING TYPE, QUANTITIES, AND CURVE NUMBERS FOR AREA |

Soil Mapping Volume | Percent | Hydrologic Curve Weighted
Unit Symbol |{Soil Mapping Unit (cu yds) (%) Group® | Number @ Value
Bb'" Bacobi and 37,061 1.43 C/ 86.0 1.23
- Monierco Soils 57,967 2.23 D 91.0 2.03
Bc Blancot 0 0.00 B 78.0 0.00
Bh Blancot, very hard 0 0.00 B 78.0 0.00
Fa Farb and Persayo Soils 8,024 0.31 D/D 91.0 0.28
Gr Grieta 0 0.00 B 78.0 0.00
Jc Jocity - Gilco 503.634 19.37 B/B 78.0 15.11
Jh Jocity, very hard 0 0.00 B 78.0 0.00
Ma Mack 0 0.00 C 86.0 0.00
Mn Mayqueen 295,981 11.39 B 78.0 8.88
Ms Mayqueen - Shiprock 421,971 16.23 B/B 78.0 12.66
Mv Mayqueen - Shiprock, very hard 85,805 3.30 B/B 78.0 2.57
Na Nakia 0 0.00 B 78.0 0.00
Nt Natrargids 0 0.00 D 91.0 0.00
Nv Natrargids, overblown 2,159 0.08 D 91.0 0.08
Ra Razito 599,753 23.07 A 65.0 15.00
Rh Razito, very hard 73,893 2.84 A 65.0 1.85
Ri Redlands Variant 19,683 0.76 B 78.0 0.59
Rv Redlands Variant, very hard 0 0.00 B 78.0 0.00
Sc Shiprock 192,636 7.41 B 78.0 5.78
Sh Shiprock, very hard 22,430 0.86 B 78.0 0.67
Sl Shiprock - Blancot 278,724 10.72 B/B 78.0 8.36
Sv Shiprock Variant 0 0.00 B 78.0 0.00
Sz Stumbie 0 0.00 A 65.0 0.00
Ta Trail 0 0.00 A 65.0 0.00
Th Trail, very hard 0 0.00 A 65.0 0.00
Totals 2.599.721| 100.00 75.09

(1)

had contrasting hydrologic groups.

(2)

and title of each survey.

®)

(reclaimed).
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TABLE 11-16B

TOPDRESSING TYPE, QUANTITIES, AND CURVE NUMBERS FOR AREA I

Soil Mapping Volume | Percent | Hydroiogic Curve Weighted
Unit Symbol |Soil Mapping Unit (cu yds) (%) Group ® | Number @ | Value
Bb'" Bacobi and 20,523 1.05 C/ 86.0 0.90
- Monierco Soils 32,101 1.64 D 91.0 1.49
Bc Blancot 0 0.00 B 78.0 0.00
Bh Blancot, very hard 0 0.00 B 78.0 0.00
Fa Farb and Persayo Soils 83,158 424 D/ID 91.0 3.85
Gr Grieta 0 0.00 B 78.0 0.00
Jc Jocity - Gilco 183,596 9.35 B/B 78.0 7.29
Jh Jocity, very hard 0 0.00 B 78.0 0.00
Ma Mack 0 0.00 C 86.0 0.00
Mn Mayqueen 55,176 2.81 B 78.0 2.19
Ms Mayqueen - Shiprock 341.951 17.42 B/B 78.0 13.59
Mv Mayqueen - Shiprock, very hard 0 0.00 B/B 78.0 0.00
Na Nakia 0 0.00 B 78.0 0.00
Nt Natrargids 6,628 0.34 D 91.0 0.31
Nv Natrargids. overblown 82,861 422 D 91.0 3.84
Ra Razito 521,804 26.58 A 65.0 17.28
Rh Razito, very hard 0 0.00 A 65.0 0.00
RI Redlands Variant 33,505 1.71 B 78.0 1.33
Rv Redlands Variant, very hard 0 0.00 B 78.0 0.00
Sc Shiprock 540,865 27.55 B 78.0 21.49
Sh Shiprock, very hard 21,812 1.11 B 78.0 0.87
Si Shiprock - Blancot 0 0.00 B/B 78.0 0.00
Sv Shiprock Variant 0 0.00 B 78.0 0.00
Sz Stumble 0 0.00 A 65.0 0.00
Ta Trail 23.210 1.18 A 65.0 0.77
Th Trail, very hard 16.144| 0.82 A 65.0 0.53
Totals 1.963.334| 100.00 75.72
(1) Undifferentiated groups and complex soil mapping units were delineated if the major components
had contrasting hydrologic groups.
(2) Hydrologic groups were taken from SCS soil surveys, see Table 11-15 for the respective location
and title of each survey.
(3) Curve number associated with the hydrologicl group classification was taken from Table 11-16

(reclaimed).
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TABLE 11-16C

TOPDRESSING TYPE, QUANTITIES, AND CURVE NUMBERS FOR AREA il

Soil Mapping Volume | Percent | Hydrologic Curve Weighted
Unit Symbol |Soil Mapping Unit (cu yds) (%) Group® | Number @ Value
Bb " Bacobi and 201579 | 2.80 C/ 86.0 2.41
- Monierco Soils 315,290 4.38 D 91.0 3.98
Bc Blancot 664,484 9.23 B 78.0 7.20
Bh Blancot, very hard 307,680 4.27 B 78.0 3.33
Fa Farb and Persayo Soils 0 0.00 D/D 91.0 0.00
Gr Grieta 0 0.00 B 78.0 0.00
Jc Jocity - Gilco 481,270 6.68 B/B 78.0 5.21
Jh Jocity, very hard 103,722 1.44 B 78.0 1.12
Ma Mack 1,433,038| 19.90 C 86.0 17.11
Mn Mayqueen 0 0.00 B 78.0 0.00
Ms Mayqueen - Shiprock 614,672 8.54 B/B 78.0 6.66
Mv Mayqueen - Shiprock, very hard 61,024 0.85 B/B 78.0 0.66
Na Nakia 0 0.00 B 78.0 0.00
Nt Natrargids 0 0.00 D 91.0 0.00
Nv Natrargids, overblown 97,028 1.35 D 91.0 1.23
Ra Razito 458,595 6.37 A 65.0 4.14
Rh Razito, very hard 21,089 0.29 A 65.0 0.19
RI Redlands Variant 945,193 13.12 B 78.0 10.24
Rv Rediands Variant, very hard 105,452 1.46 B 78.0 1.14
Sc Shiprock 868,130 12.05 B 78.0 9.40
Sh Shiprock, very hard 67,523 0.94 B 78.0 0.73
Sl Shiprock - Blancot 23,813 0.33 B/B 78.0 0.26
Sv Shiprock Variant 416,510 5.78 B 78.0 4.51
Sz Stumble 15.596 0.22 A 65.0 0.14
Ta Trail 0 0.00 A 65.0 0.00
Th Trail, very hard 0 0.00 A 65.0 0.00
Totals 7.201.688] 100.00 79.67

M

had contrasting hydrologic groups.

(2)

and title of each survey.

)

(reclaimed).
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TABLE 11-16D

TOPDRESSING TYPE, QUANTITIES, AND CURVE NUMBERS FOR AREA IV

Soil Mapping Volume | Percent | Hydrologic Curve Weighted
Unit Symbol |Soil Mapping Unit (cu yds) (%) Group® | Number &) Value
Bb ‘" Bacobi and 342,305 7.03 c/ 86.0 6.04
- Monierco Soils 535,401 10.99 D 91.0 10.00
Be Blancot 0 0.00 B 78.0 0.00
Bh Blancot, very hard 0 0.00 B 78.0 0.00
Fa Farb and Persayo Soils 161,922 3.32 D/D 91.0 3.02
Gr Grieta 69,104 1.42 B 78.0 1.11
Jc Jocity - Gilco 1,525,313| 31.31 B/B 78.0 24.42
Jh Jocity, very hard 46,339 0.95 B 78.0 0.74
Ma Mack 176,992 3.63 C 86.0 3.12
Mn Mayqueen 23,851 0.49 B 78.0 0.38
Ms Mayqueen - Shiprock 333,565 6.85 B/B 78.0 5.34
Mv Mayqueen - Shiprock, very hard 0 0.00 B/B 78.0 0.00
Na Nakia 53,010 1.09 B 78.0 0.85
Nt Natrargids 0 0.00 D 91.0 0.00
Nv Natrargids, overblown 218,490 4.49 D 91.0 4.08
Ra Razito 311,260 6.39 A 65.0 415
Rh Razito, very hard 196,707 4.04 A 65.0 2.62
RI Redlands Variant 331,678 6.81 B 78.0 5.31
Rv Redlands Variant, very hard 61,901 1.27 B 78.0 0.99
Sc Shiprock 160,006 3.28 B 78.0 2.56
Sh Shiprock, very hard 143,239 2.94 B 78.0 2.29
S Shiprock - Blancot 0 0.00 B/B 78.0 0.00
Sv Shiprock Variant 70,420 1.45 B 78.0 1.13
Sz Stumble 105,082 2.16 A 65.0 1.40
Ta Trail 0 0.00 A 65.0 0.00
Th Trail, very hard 4,538 0.09 A 65.0 0.06
Totals 4.871,123| 100.00 79.65

(1)

had contrasting hydrologic groups.

(2)

and title of each survey.

)

(reclaimed).
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Dynamic equilibrium is the condition that exists when stream channels are neither aggrading or
degrading over time. It does not mean there is no reworking of channel materials or change in

channel geometry.

Drainage density is an integrative measure of drainage basin morphology. Drainage density is
the length of stream channels per unit area within a drainage basin. The restoration of postmine
drainage networks within the range of pre-mine drainage densities and configurations or regional

norms will ensure that pre-mine geomorphic conditions are achieved.

Drainage densities are calculated by measuring the total stream length in miles and dividing that
length by the drainage area in square miles. Pre-mining and postmining stream lengths were
measured for the total drainage area of each stream as well as the area within the lease boundary
only. U.S.G.S. 7.5 minute quadrangles were used to determine the pre-mining drainage
densities. Postmining drainage densities were determined from the 1:6000 scale final surface

configuration topography maps provided in CHAPTER 12.

The Chinde Wash and Cottonwood Arroyo are impacted by the activities of the Navajo
Agricultural Products Industry located hydraulically upgradient from the mine. These impacts
include direct discharges of water from irrigation canals and indirect discharges from irrigation
return flows. However, the impacts are similar to both streams with the exception that the

Chinde is a perennial stream.

NAPI direct discharges are a result of an over supply of water in the canal that is released
directly to the wash. Discharge events for both streams are highly variable, occur quickly, and
can last up to 12 hours causing significant erosion and sediment transport in the channel. The
indirect NAPI related discharges are a result of return flows to the wash caused by the infiltrating
irrigation water. The irrigation return waters have changed the Chinde Wash into a perennial
stream with a base flow containing greater dissolved —solids concentrations. The greater
dissolved-solids concentrations are from irrigation return waters leaching the unconfined surface
formations. The Cottonwood Arroyo is not impacted by perennial flows but increased

mineralization is deposited on the stream banks as a result of seeps in the upper reaches that is
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down stream during precipitation flow events. The impacts of the NAPI activities on the
baseline hydrologic balance of the Cottonwood Arroyo will be highly variable increases in the
flow, discharge, and water quality concentrations of the channel’s hydrologic balance.
Moreover, these impacts increase the already highly variable hydrologic balance and further
decrease the potential for post mining changes to the hydrologic balance as a result of mining.

Quantitative data to characterize the NAPI impacts is being collected as part of the surface water

monitoring plan.

The Surface Water PHC discussion is provided below for each major permit area drainage.

11.6.3.3 Chinde Wash

The present watershed area of Chinde Wash is about 42.4 square miles (27,130 acres). An
additional 11 square miles does not contribute to the present Chinde watershed as it is diverted
by NAPI's Ojo Amarillo canal into Cottonwood Arroyo. About 4.06 square miles of the Chinde
Wash drainage basin is disturbed by mining activities. Chinde Wash increases in size by 1,124
acres primarily because of changes in the drainage divide between Hosteen Wash and Chinde

Wash, and the drainage divide between Dodge Diversion and Chinde Wash.

Pre-mining drainage density of Chinde Wash was estimated to be 1.4 mi./sq. mile for the entire
drainage area and 2.8-mi./sq. mile for the area disturbed by mining. Higher drainage density
within the mine area reflects the greater relief in this area. Postmining drainage density for
Chinde Wash is 4.7 mi./sq. mile over the area disturbed by mining. Both pre- and postmining
drainage densities appear to be relatively low. However, the calculated drainage density is
dependent upon the criteria for measuring drainage length. The criterion used in this analysis
was to include only stream channels identified on the topographic maps. Thus, contour

crenulations associated with badlands topography did not enter into the drainage density

measurement.
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These results indicate a higher postmining drainage density for the area disturbed by mining.
This higher drainage density will be adequate to prevent gullies forming in light of the lower
relief associated with the postmining surface.  Final Surface Configuration designs
weredeveloped in CHAPTER 12 (see Section 12.3, EXHIBITS 12-5A, 12-6A and 12-6B). For

design of reclaimed channels, see Section 11.6.5.

The largest hydrologic change is in the Doby reclamation area where the westward drainages
from the off lease undisturbed surface are diverted towards the south via a post-mine channel
(Doby North Channel) that runs north to south along the eastern lease boundary. The pre-mine
topography had no major channel; the surface sloped down towards the west with primarily sheet
flow drainages and some small channels. The post-mine channel also collects surface runoff
from a portion of the reclaimed surface to the west and diverts the flow into a tributary of the
Chinde Diversion. Refer to Exhibit 11-85 and 12-5A for the location and alignment of the post-

mine channel.

Comparison of SEDCAD4 predictions for pre- (see CHAPTER 7, APPENDIX 7-G) and
postmining (see CHAPTER 11, APPENDIX 11-BB) flows and sedimentology from a 10-year, 6-
hour event are provided in TABLE 11-17. Sediment yields for the 10-year, 6-hour event at the
downstream outlet (Structure 24) are predicted to decline, despite an increase of 1,124 acres in
watershed size postmining, from a pre-mining yield of 8,657 tons to a postmining yield of 8,159
tons. The predicted decreases in sediment yield are due to the lower slopes and better vegetation

cover on reclaimed areas.

The peak flow resulting form a 10-yr., 6-hr precipitation event was predicted to decrease from a

pre-mining estimate of 715 cfs to a postmining estimate 705 cfs for Chinde Wash below the lease

boundary (Structure 24).
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The runoff volume was predicted to decline from 502 acre-feet, pre-mining, to 488 acre-feet,
postmining. The postmining SEDCAD 4 modeling for the 10-yr., 6-hr event indicates that
although the total sediment is less than the pre-mine, the peak sediment concentration
(milligrams per liter, mg/l) and peak settleable concentration (milliliters per liter, ml/1) increased
following mining. The peak sediment concentration increased from 50,387 mg/1 to 77,099 mg/1

and the peak settleable concentration from 4.16 ml/1 to 13.24 ml/l.

Baseline water quality in Chinde Wash indicates concentrations that usually exceed drinking
water standards (see CHAPTER 7). Postmining concentrations of sulfate, iron, manganese, and
TDS parameters may actually decrease slightly due to better distribution of topsoil over the
disturbed areas and lower concentrations of sediment in stream flows. However, any change
would be marginal and chemical quality of surface water following mining would be expected to

approximate pre-mining conditions.
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11.6.3.3.1 Surface Water Gain/Loss in Chinde Wash

The results of a gain/loss study conducted from April 1999 through March 2000 are
reported in Appendix OO, Chinde Wash Surface Water Gain/Loss Report. The synoptic,
NAPI and continuous surface water monitoring data collected during the monitoring year
for Chinde Wash records that during base flow and NAPI operational spills there is a net
loss of surface water from the NAPI discharge point to Navajo Mine monitoring station
CD-2A, a distance of nine miles. For example, on April 18, 1999, flow volume declined
from 8.0 acre-feet at CD-1A to 0.5 acre-feet at CD-2A during a NAPI operational spill.
Similar instances of flow volume decreases between CD-1A and CD-2A occurred
throughout the year, such as on July 1, 1999 in which CD-1A recorded 11.11 acre-feet of
volume and CD-2A recorded only 0.82 of volume for the same NAPI operational spill.

However, by dividing this nine mile reach into smaller reaches and measuring flow
between these reaches, the reach (Reach 3) above the Yazzie highwall and upstream of
reclaimed lands was identified as losing a significant amount of flow. In addition, the
synoptic data documents that surface flows across reclaimed lands consisting of spoil
(Reach 4) change very little and in fact are dominated by a slight increase. Thus, the
conclusion of the report is that the effects of mining on surface water flow volumes both

during and after mining are minimal.

Changes in surface flows are minimal in the regraded spoil reach (Reach 4) because spoil
at Navajo Mine is comprised dominantly of sodic mudstone and siltstone that have a very
low permeability. Synoptic monitoring identified that base flow increased across the
reclaimed land during three measurements by 119 (202 to 321), 11 (0 to 11) and 49 (458
to 507) gpm and decreased during one measurement by 30 (115 to 85) gpm along Reach
4. Pit run spoil permeability was determined in the Leach Study (Chapter 11, Appendix
K) to be 10 cm/sec (four samples that ranged from 1.66 X 10 to 5.4 X 10 cm/sec),

which is a similar permeability to that of a compacted soil liner. Based on the data from
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the Chinde Gain/Loss Report and permeability values, future surface water losses along

the permanent Chinde Wash diversion are expected to be negligible.

Losses of surface water from the NAPI discharge point to Navajo Mine monitoring
station CD-2A are occurring above the Yazzie highwall due to a large and highly
vegetated area upstream of the Yazzie highwall, and to a lessor extent due to seeps along
the highwall itself immediately below the diversion. Synoptic monitoring recorded a
decrease in flow of surface water during three measurements along Reach 3 for the first

three-quarters of 772 (974 to 202), 283 (283 to 0) and 275 (390 to 115) gpm, respectively.

The effect that the large and densely vegetated area has on surface water flow is two-fold:
1) it reduces peak flows, and 2) it enhances surface water loss. Surface water losses occur
due to the flows spreading out, creating a larger surface area for infiltration and
evaporation. The extensive and dense vegetated area will consume water by transpiration
during the majority of the year. In addition, un-quantified seeps have been observed on
the Yazzie highwall face beneath the Chinde temporary diversion confirming that surface
water is infiltrating in the vegetated area. The cumulative effects of these processes,
without an additional source of incoming water, is to reduce the amount of available

surface water for downstream flows

Following backfilling of Yazzie pit, the seeps on the face of the highwall beneath the
temporary diversion will decrease significantly or stop due to the placement of low-

permeability spoil against the highwall.

The continuous monitoring data also recorded that during large storm events, there is an
increase in flow volume from CD-1A to CD-2A. This flow volume increase is typical of
an ephemeral channel and is the result of increasing watershed size downstream.
Specifically, the contributions of additional flow from tributaries progressively produce

an increasing volume of flow downstream.
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Synoptic flow measurements and continuous flow data collected and reported in the Chinde
Gain/Loss Report (Appendix OO) have adequately characterized and documented gains and
losses of surface water flows along specific reaches of Chinde Wash. In particular, the data
collected support the conclusion that future reconstructed channels built in spoils will not

significantly alter surface water flows due to vertical infiltration.

11.6.3.4 Hosteen Wash

The Hosteen Wash watershed area is about 9.1 square miles. Mining activities disturbs
approximately 3.7 square miles of this drainage. The Hosteen Wash watershed will decrease in
size by 1,271 acres postmining. This is largely a result of postmining changes in the drainage

divide between Hosteen and Chinde Wash, in which Chinde Wash increases by 844 acres.

Pre-mining drainage density for Hosteen Wash was estimated to be 3.18-mi./sq. mile for the
entire drainage area and 2.8-mi./sq. mile for the area disturbed by mining. Postmining drainage
density for Hosteen Wash is 6.1 mi./sq. mile over the area disturbed by mining. These results
indicate a higher postmining drainage density for the wash. This higher drainage density is to

ensure that gullying would not develop on this watershed due to insufficient drainage.

Final Surface Configuration designs were developed in CHAPTER 12 (see Section 12.3,
EXHIBITS 12-6A and 12-6B). For design of reclaimed channels, see Section 11.6.5. Drainage
geometry and grade were selected to maximize stability without causing sediment deposition.
Sediment deposition may produce local convexities as a result of the aggrading conditions in the

channel. These convexities may develop headcuts and begin to erode.

With the postmining channel, some reworking of channel materials will occur, especially during

the large flood events. However, channel aggradation or channel degradation would not develop
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within the reclaimed channel because the graded profile and channel dimensions will be

designed to maintain dynamic equilibrium. See the Reclamation Surface Stabilization Handbook

for information regarding the design of reclamation structures.

Comparison of SEDCAD 4 predictions for pre- (see CHAPTER 7, APPENDIX 7-A) and
postmining (see CHAPTER 11, APPENDIX 11-CC) flows and sedimentology are provided in
TABLE 11-18. This comparison indicates decreases in flow and sediment yields associated with
postmining conditions. These predicted decreases are due to a reduction in the badlands area and

a slightly lower curve number attributed to reclaimed areas.

The peak flow resulting from a 10-yr., 6-hr precipitation event is predicted to decline from a pre-
mining estimate of 1,417 cfs (Structure 9) to a postmining estimate of 538 cfs (Structure 18) for
the entire Hosteen drainage. The runoff volume was predicted to decline from 247 acre-feet,

pre-mining to 126 acre —feet, postmining.

The SEDCAD 4.0 modeling for the 10-yr., 6-hr event indicates that the predicted peak sediment
concentration for post-mining will decrease and the peak settleable concentration will increase.
The peak sediment concentration decreased from 45,433 mg/l to 37,159 mg/l and the peak
settleable concentration increased from 1.11 ml/l to 2.31 mV/1. The increase in peak settleable
solids is attributable to replacement of pre-mining badland areas (clay-rich) with a postmining
sandy loam soil. The clay rich areas will increase the suspended solids concentration, while
sandy loam areas will decrease the suspended solids concentration and increase the settable
solids (sand) concentration. The Sedcad analysis also indicates that the total sediment yield will

decrease from a pre-mine yield of 8,658 tons to a post-mine yield of 3.400 tons.
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Comparison of pre-mining and postmining flows and sediment yields resulting from a 10-yr., 6-
hr precipitation event were performed separately for several sub-watersheds disturbed by mining
within the Hosteen Drainage (TABLE 11-18). In all of the sub-watersheds compared, with one
exception, the flows and sediment yields declined as a result of mining, even in subwatersheds

that increased in size following mining.

Baseline water quality in Hosteen Wash should be similar to that of Chinde Wash because of the
similar soils, geology and vegetation found within the basins (see CHAPTER 7). Postmining
concentrations for sulfate, iron manganese and TDS should decrease slightly due to reduction of
badlands area and better distribution of topsoil over the disturbed areas. Acid forming or toxic

materials are not present in the drainage.

11.6.3.5 Barber Wash

The Barber Wash watershed area is about 5.3 square miles. Mining activities disturbs
approximately 1.4 square miles of this drainage. Barber Wash will decrease in size by 849 acres
postmining. This is largely due to post-mining topography changes at the drainage divide
between the Barber and South Barber drainages, in which the South Barber drainage increases by
928 acres. The upper portion of the Barber drainage has the most significant change;
approximately 928 acres will be diverted into the South Barber Channel (see Exhibits 7-4C and
11-75A).

Pre-mining drainage density for Barber Wash was estimated to be 1.75 mi./sq. mile for the entire
drainage area and 1.46 mi./sq. mile for the area disturbed by mining. Postmining drainage

density for Barber Wash is 6.7 mi./sq. mile over the area disturbed by mining.

These results indicate a higher postmining drainage density over the area disturbed by mining.
The postmining drainage density may be greater than necessary to achieve a geomorphically
stable topographic condition. The increased drainage density was deemed necessary to avoid

excessive overland flow lengths. In the event the drainage network is too extensive for the
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associated flows and sediment yields, the drainage density would decrease where channel flows
are insufficient to transport sediment yield from overland flow and upstream contributions. This
may occur in the upper reaches of some channels. As these headwater channels fill with
sediment, drainage density will decrease as the channel network approaches an equilibrium with

the flow and sediment yield regime of the contributing watershed.

Final Surface Configuration designs were developed in CHAPTER 12 (see Sections 12.3,
EXHIBITS 12-6A and 12-6B). For design of reclaimed channels, see Section 11.6.5. Drainage
geometry and grade were selected to maximize stability without causing sediment deposition.
Sediment deposition may produce local convexities as a result of the aggrading conditions in the

channel. These convexities may in turn develop headcuts and begin to erode.

Comparison of SEDCAD 4.0 predictions for pre- (see CHAPTER 7, APPENDIX 7-B) and
postmining (see CHAPTER 11, APPENDIX 11-DD) peak flows and sediment yields resulting
from a 10-yr., 6-hr precipitation event are provided in TABLE 11-19. In all cases, the
comparison indicates a decrease in flow and sediment yields associated with postmining
conditions. These predicted decreases are due to a reduction in the badlands area and a lower

curve number attributed to reclaimed areas.

The peak flow resulting from a 10-yr., 6-hr precipitation event was predicted to decline from a
pre-mining estimate of 404 cfs to a postmining estimate of 284 cfs for the entire Barber drainage.
The runoff volume was predicted to decline from 101 acre-feet, pre-mining, to 59 acre-feet,

postmining.

The SEDCAD 4.0 modeling for the 10-yr., 6-hr event indicates that the predicted peak sediment
concentration (milligrams per liter) for post-mine decreased compared to pre-mine, 24,586 mg/1
for post-mine and 27,241 for pre-mine. Total sediment yields (tons) decreased for postmining
conditions while the predicted settleable solid concentrations increased. The settleable solids

concentration for the post-mine is 2.2 ml/l compared to the pre-mine concentration of 0.36 ml/l.
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The change is attributable to replacement of premining badland areas (clay-rich) with a
postmining sandy loam soil. The clay rich areas will increase the suspended solids
concentration, while sandy loam areas may decrease the suspended solids concentration and

increase the settable solids concentration.

The peak concentrations of suspended solids and settleable solids are only order-of-magnitude
predictions, it is concluded that there should be no significant change between pre- and
postmining in the peak concentrations of total suspended solids and total settleable solids.
Sediment yields for the same event declined from a pre-mining yield of 1,672 tons to a

postmining yield of 1,076 tons.

Baseline water quality in Barber Wash should be similar to Chinde Arroyo because of similar
soils, geology and vegetation found within the basins (see CHAPTER 7). Postmining
concentrations for sulfate, iron, and manganese should decrease slightly due to a reduction of
badlands area and better distribution of topsoil over the disturbed areas. Acid forming or toxic

materials are not present within the drainage.

11.6.3.6 Neck Arroyo

The Neck Arroyo watershed area is about 1.88 square miles. Approximately 14 percent of this
drainage lies within the permit area, although mining disturbs about three percent of the
drainage, while about one percent of the drainage will be directly disturbed by the location of

roads.

It is possible that road crossings and rail crossings could slightly alter the flow and sediment
equilibrium resulting in either temporary aggrading or degrading conditions to develop in the
stream channel above or below the road crossing. After removal of the road crossing the
affected channel reach will return to the approximate pre-mine condition. Acid forming or toxic

materials are not present where they could contaminate water supplies within Neck Arroyo.
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Comparison of SEDCAD+ predictions for pre- (see CHAPTER 7) and postmining flows and

sedimentology are provided in TABLE 11-20. This comparison suggests slight decreases in flow

and sediment yields under postmining conditions. These decreases are due to the lower curve

number attributed to reclaimed areas and also lower slopes and better vegetation cover on

reclaimed areas.

TABLE 11-20

COMPARISON OF PRE- & POST MINING PEAK FLOWS AND SEDIMENT YIELDS

NECK ARROYO
10 - YEAR, 6 - HOUR PRECIPITATION EVENT

SEDCAD+ Difference
Subwatershed Pre-mining Postmining from Pre-mining
Flow Sediment Flow Sediment Flow Sediment
J B S SwW (cfs) (Tons) (cfs) (Tons) (cfs) (Tons)
1 1 1 1 31.18 348.00 30.79 343.69 -0.39 -4.31
1 1 1 5 31.38 402.34 27.52 361.50 -3.86 -40.84
11-186
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The peak flow resulting from a 10-yr., 6-hr precipitation event was predicted to decline from a
pre-mining estimate of 247 cfs to a postmining estimate of 244 cfs for the entire Neck drainage.
Likewise, the runoff volume was predicted to decline from 39.0 acre-feet, pre-mining, to 38.7

acre-feet, postmining.

The SEDCAD+ modeling for the 10-yr., 6-hr event indicates that predicted peak concentration of
total suspended solids increased slightly for postmining conditions even though peak settleable
solids concentrations and sediment yields decreased. This slight increase in total suspended solid
concentrations appears to result from numerical error associated with routing high concentrations
of sediment in flood flows. Since the peak concentrations of suspended solids and settleable
solids are only order-of-magnitude predictions, it can be concluded that there should be no
significant change between pre- and postmining in the peak concentrations of total suspended
solids and total settleable solids. Sediment yields for the same event declined from a pre-mining

yield of 14,351 tons to a postmining yield of 14,284 tons.

Comparison of pre-mining and postmining flows and sediment yields resulting from 10-yr., 6-hr
precipitation event were performed separately for each sub-watershed disturbed by mining within
the Neck arroyo drainage (TABLE 11-20). In all cases, the flows and sediment yields remained

the same or declined as a result of mining.

Pre-mining drainage density for Neck Arroyo was estimated to be 3.11 sq./mi. for the entire

drainage area and should not change as a result of mining.
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11.6.3.7 Lowe Arroyo

The Lowe Arroyo watershed area is about 11.25 square miles. Approximately four square miles
of this drainage lies within the permit area. Final surface configuration and drainage designs

have been developed as discussed in CHAPTER 12 (see Section 12.3) and Section 11.6.5.1.

Drainage geometry and grade were selected to maximize stability without causing sediment
deposition. Such sediment deposition may subsequently develop headcuts and erode as local
convexities in the channel develop as a result of aggrading conditions. With the postmining
channel, some reworking of channel materials will occur especially during the large flood events.
However, major channel aggradation or channel degradation would not develop within the
reclaimed channel because the graded profile and channel dimensions are designed to maintain
dynamic equilibrium. Channel instabilities could develop as a result of headcuts working

upstream from changes in base level on Chaco Wash or the San Juan River.

The lérgest hydrologic change is the routing of undisturbed drainages east of the lease boundary.
Premine, the drainages east of the lease formed the main branch of the Lowe channel which
flowed east to west toward SEDCAD structure 10. In the postmine, these drainages are routed to
the south initially before flowing west and north toward SEDCAD structure 11 (See pre- and
postmine watershed maps for Lowe, Exhibits 7-4 & 11-77). As shown on Table 11-21, the
watershed to structure 7 decreases by 1808 acres in the postmine while the watershed to structure
11 increases by 1584 acres. The outlet for the Lowe drainage is the same location (lease

boundary) as the premine at structure 12.
The southern post mining drainage that flows to structure 11 differs from the premine channel

alignment in order to accommodate a lower gradient in the reclaimed channel. The post mining

drainage that flows to structure 10 has a similar alignment as the premine channel.
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In the postmine, the Lowe watershed increases by 93 acres at the expense of Cottonwood Wash.
This change in watershed acres occurs along the southern boundary between Lowe and
Cottonwood drainages. The shifting of 93 acres from Cottonwood Wash to Lowe Wash will
have no appreciable effect on the peak flows or sediment yields of either watershed due to their

large size and reclamation practices.

Comparison of SEDCAD 4.0 predictions for pre-mining (see APPENDIX 7-D and APPENDIX
11-X) and postmining flows and sedimentology provided in TABLE 11-21 for a 10-year, 6-hour
event. Overall there is a slight decrease in peak flow and sediment yields postmining. Sediment
yields for the 10-year, 6-hour event at the downstream outlet (Structure 12, lease line) are
predicted to decline, despite an increase of 93 acres in watershed size postmining, from a pre-
mining yield of 3682 tons to a postmining yield of 3227 tons. The decline in sediment yields and
peak flows is due primarily to a lower curve number resulting from reclaiming with sandy
topsoil, better vegetation cover on reclaimed areas and terraces that reduce the slope lengths for

the post-mine drainage. .

The peak flow resulting form a 10-yr., 6-hr precipitation event was predicted to decrease from a
pre-mining estimate of 926 cfs to a postmining estimate 514 cfs for Lowe Wash below the lease
boundary (Structure 12). The runoff volume at structure 12 is predicted to decline from 238

acre-feet, pre-mining, to 192 acre-feet, postmining.
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11.6.3.8 Cottonwood Arroyo

The Cottonwood Arroyo watershed area is about 80 square miles and approximately 14 percent
of this drainage is within the mine lease area. The pre-mining watershed areas are shown on
Exhibit 7-4A. The final surface topography and drainage configuration has been developed and
is discussed in Section 11.6.5.1 and Chapter 12.3.

The primary hydrologic change to Cottonwood Wash is the disturbance of the North Fork of
Cottonwood Wash. Approximately 10,662 feet of the North Fork will be permanently re-aligned
from the pre-mine due to reclamation (See Exhibit 11-77). As noted in the discussion of Lowe
Wash, the Cottonwood Wash watershed will slightly decrease from the premine but with no

appreciable hydrologic effects.

Table 11-22 shows the comparison of flow and sediment yield for the 10-yr, 6-hr. precipitation
event for portions of Cgqttonwood tributaries that drain the Iﬁined area and the outlet of
Cottonwood Wash into Chaco Wash. The differences in sediment yields (tons/acre) and peak
flow are negligible between pre and postmining at the lease line (structure 36). Sediment yields
for the 10-year, 6-hour event at the downstream lease line are predicted to slightly decrease from
a pre-mining yield of 30,644 tons to a postmining yield of 30,409 tons. The small changes in
the sediment and peak flow figures reflect the small amount of mining disturbance in the

Cottonwood watershed as a whole.

The peak flow resulting from a 10-yr., 6-hr precipitation event at the lease line is predicted to
slightly decrease from a pre-mining estimate of 2,890 cfs to a postmining estimate 2,880 cfs.

The runoff volume at structure 36 is predicted to decline from 1,473 acre-feet, pre-mining, to

1,384 acre-feet, postmining
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11.6.3.9 San Juan River and Chaco River

The San Juan River Basin covers an area of about 12,900 square miles. Approximately 0.2
percent of this drainage lies within the permit area. The Chaco River has a watershed area of

4,350 square miles. The mine permit area occupies about 0.6 percent of the total drainage area.

The San Juan River and Chaco River channels and flood plains will not be directly impacted by
mining activities. The only possible impact on these rivers would be through the discharge of

surface or groundwater from the mine area or from reclaimed surface and backfill.

The Chaco River does not receive groundwater base flow and thus would not be impacted by
changes in groundwater quality. A relatively small amount of groundwater from backfill areas
could reach the San Juan River after a period of about 200 years. As explained in Section
11.6.2.4, this quantity is so small relative to flows in the San Juan River that little change in the
water quality of the San Juan River would be expected. Furthermore, based on leaching studies
of overburden and spoils, chemical quality expected from backfill leachate would be very similar
to baseline quality in coal seams. Consequently, no change in water quality in the San Juan

River would be expected from groundwater from the mine area.
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Storm runoff from the active mine area is totally contained within the mine and is not discharged
to surface water courses. Consequently there would be no impact on surface water quality of the

San Juan and Chaco Rivers as a result of mine water discharges.

Diversion of flows in the major channels such as Chinde may result in minor disruption of
dynamic equilibrium within the stream channel. These changes could increase or decrease
sediment loads along segments of the channel but are usually unlikely to change sediment loads
to the San Juan or Chaco Rivers. The diversion of Chinde Wash through the Big Fill culvert is
one example where flood attenuation may reduce sediment loads downstream to the Chaco
River. The hydrologic consequences of such changes are temporary adjustments in channel
grade and geometry until a new equilibrium is reached. From field observations it appears that
channel adjustments have already occurred downstream of the Big Fill culvert and the channel is

approaching equilibrium conditions.

Analysis of impacts of reclamation of drainages and stream channels, as described in Section
11.6.3.1 through 11.6.3.8, indicates only minor changes in flow and sedimentology which are
likely to have minimal impact on channel conditions and sediment loads in the San Juan and

Chaco Rivers.
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11.6.3.10 Surface Water Reference Criteria

Surface water reference criteria were developed from eight (8) years of surface water monitoring

data to aid in the evaluation of future surface water monitoring data.

Each reference criteria value at each station (TABLE 11-24a through 11-24g) was determined by
selecting the larger of the mean plus two (2) standard deviations which was determined from the
baseline data, the maximum value in the data set or the standard. The standard was determined

as the smallest of the following three (3) categories:

e Irrigation Water criteria
e Livestock Water Criteria

e 40 CFR Part 434 Coal Mining Point Source Effluent Limitations

Reference criteria were not determined for calcium, magnesium, sodium, potassium, carbonate,

bicarbonate and sulfate because these parameters will be used to calculate an ion balance.

The reference criteria will be adjusted based on changing technical information and regulations

and new field data. The criteria will be re-evaluated at permit renewal time.

11.6.3.11 South Barber Drainage

The South Barber Drainage has a watershed of about 0.8 square miles. Mining activities will
disturb approximately 0.03 square miles (17 acres) of this drainage area. The post-mine
topography will increase the South Barber drainage by 928 acres. This is largely due to the post-
mining topography changes at the drainage divide between the Barber and South Barber
drainages that increases the South Barber drainage by 928 acres. The most significant change
from pre-mine is that the upper portion of the Barber drainage will be diverted into the South
Barber Channel (see Exhibits 7-4C and 11-75A).
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Pre-mining drainage density for the South Barber drainage was estimated to be 5.93 mi./sq. mile
for the entire drainage area. Post-mining drainage density for the South Barber drainage is 5.98
mi./sq. mile over the area disturbed by mining. These results indicate that the post-mining and
pre-mining drainage densities are about equal. This along with other erosion control practices on
the reclaimed areas will ensure that the sediment yield from the post-mining surface will be less

than pre-mine.

Final Surface Configuration designs are presented in CHAPTER 12 (see Sections 12.3,
EXHIBITS 12-6A and 12-6B). For design of reclaimed channels, see Section 11.6.5. Drainage
geometry and grade were selected to maximize stability without causing sediment deposition.
Sediment deposition may produce local convexities as a result of the aggrading conditions in the

channel. These convexities may in turn develop headcuts and begin to erode.

Comparison of SEDCAD 4.0 predictions for pre-mining (APPENDIX 7-N) and post-mining
(APPENDIX 11-EE) flows and sedimentology is provided in TABLE 11-23 for a 10-year, 6-hour
event. The comparison indicates an increase in the total sediment yield for post-mining and the
peak flows remain about equal. The predicted sediment yield is 765 tons for post-mine and 599
tons for pre-mine. The predicted peak flows are approximately equal at 166 cfs. The increase in
sediment yield for post-mine condition is primarily due to the increased drainage area; the yield

in tons per acre is 1.1 tons/ac for pre-mine and 0.5 tons/ac for post-mine.

The Sedcad modeling also indicates for the post-mine condition a decrease in peak sediment
concentration and an increase in peak settleable concentration. The predicted peak sediment
concentration is 39,347 mg/] for post-mine and 40,564 mg/l for pre-mine. The predicted peak
settleable concentration is 1.36 ml/l for post-mine and 0.0 ml/l for pre-mine. The change is
attributable to replacement of pre-mining badland areas (clay-rich) with a post-mining sandy
loam soil. The clay rich areas will increase the suspended solids concentration, while sandy
loam areas may decrease the suspended solids concentration and increase the settable solids

concentration.
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The comparison indicates there is no significant change between the pre and post-mine peak
sediment and peak settleable concentrations. For the same storm event the total sediment yield in

tons per acre declined for the post-mine condition.

11.6.3.12 Pinabete/Chaco Tributaries

Three tributaries to the Pinabete Arroyo will be disturbed by mining activities in Area 4 North.
The tributaries are identified as Tributary A, B, and C on Exhibit 11-77. The Pinabete Arroyo
drainage basin is about 59.1 square miles. A small portion, approximately 1.7 square miles or
2.9 percent of the drainage basin will be disturbed. The post-mining topography increases the
Pinabete Arroyo drainage basin by 84 acres. This is primary due to the topography changes at the

drainage divide between the Pinabete Arroyo and Cottonwood Arroyo.

A tributary to the Chaco Wash will also be disturbed by mining activities in Area 4 North. The
tributary is identified as Tributary A to the Chaco on Exhibit 11-77. The Chaco Wash drainage
basin is approximately 4,350 square miles. A very small portion, approximately 0.8 square miles
will be disturbed. Due to the topography changes at the drainage divide between the Chaco Wash

and Cottonwood Arroyo the drainage basin or affected tributary decreases by 53 acres.

Pre-mining drainage density within the Area 4 North disturbance area was estimated to be 2.64
mi./sq. mile. Post-mining drainage density for the area was estimated to be 2.67 mi./sq. mile.
The pre and post-mine drainage density are approximately equal. This will achieve

geomorphically stable conditions that are equivalent to pre-mine.

Final Surface Configuration designs were developed in CHAPTER 12 (see Section 12.3,
EXHIBITS 12-7A). For design of the reclaimed channels, see Section 11.6.5.3.

Comparison of SEDCAD 4 predictions for pre- (see CHAPTER 7, APPENDIX 7-O) and
postmining (see CHAPTER 11, APPENDIX 11-SS) flows and sedimentology are provided in
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TABLE 11-30. The comparison of the peak flows and sediment yields from the 10 year-6 hour
storm event indicates decreases in flow and sediment yield in the post-mine conditions from
Tributary B and C to the Pinabete that are sufficient to offset the increases in sediment yield and
flow from Tributary A to the Chaco and Tributary A to the Pinabete. The total sediment yield is
predicted to decline from 468 tons pre-mine to 346 tons post-mine. The total flow leaving the

permit area is predicted to decline from 238 cfs pre-mine to 180 cfs post-mine.

The runoff volume resulting from a 10 year-6 hour precipitation event in the post-mine condition
is predicted to decline from a pre-mining estimate of 30 ac-ft to a post-mining estimate of 23 ac-

ft for all the tributaries combined.

The SEDCAD 4.0 modeling for the 10 year-6 hour event indicates that the predicted peak
sediment concentration for Tributary A to the Chaco and Tributary B to the Pinabete in the post-
mining conditions are similar to pre-mine even though the predicted peak settleable solids
concentration increased from 8 ml/l to 9 ml/l and 0 ml/l to 11 ml/l, respectively. The increase in
peak settleable solids is attributable to replacement of premining badland areas (clay-rich) with a
postmining sandy loam soil. The clay rich areas will increase the suspended solids concentration,
while sandy loam areas will decrease the suspended solids concentration and increase the settable

solids (sand) concentration.

The modeling also indicates a decrease in peak sediment concentration for Tributary C to the
Pinabete in the post-mine condition that is sufficient to offset the increase peak sediment
concentration for Tributary A to the Pinabete. The peak sediment concentration for Tributary C
and A to the Pinabete are 41,628 mg/] pre-mine, 31,607 mg/l post-mine and 9,517 mg/l pre-mine,
15,224 mg/] post-mine, respectively. The overall sediment yield, all tributaries combined, is 0.4

tons/acre pre-mine and 0.2 tons/acre post-mine.
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TABLE 11-24a
SURFACE WATER MONITORING REFERENCE CRITERIA
STATION CD-11?

PARAMETER UNIT SELECTED CRITERIA MAXDETECT LIMIT
Conductivity pmhos/cm 3189 10
pH Units 8.7 -
TDS mg/1 2284 25
TSS mg/1 1265 25
Calcium mg/1 120 10
Magnesium mg/] 324 10
Sodium mg/1 586 25
Potassium mg/1 5.23 0.5
Carbonate mg/1 443 2
Bicarbonate mg/1 572 10
Sulfate mg/1 986 10
Chloride mg/1 139 10
Fluoride mg/1 4.3 0.1
Iron mg/] 20.7 0.25
Boron mg/1 0.90 0.1
Selenium mg/1 0.015 0.001

(1) Data set includes NAPI irrigation, seasonal seepage, and precipitation runoff
samples.

(2) Data set represents samples from 1996-2003.
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TABLE 11-24b
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION CD-2"

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity umhos/cm 4187 10
pH Units 8.5 -
TDS mg/1 3328 25
TSS mg/1 365 25
Calcium mg/1 624 10
Magnesium mg/l 56.4 10
Sodium mg/1 727 25
Potassium mg/1 11.0 0.5
Carbonate mg/l 36.8 2
Bicarbonate mg/1 398 10
Sulfate mg/1 1763 10
Chloride mg/1 176 10
Fluoride mg/1 2.14 0.1
Iron mg/1 6.1 0.25
Boron mg/1 0.55 0.1
Selenium mg/1 0.013 0.001

(1) Data set includes NAPI irrigation, seasonal seepage, and precipitation runoff
samples.

(2) Data set represents samples from 1996-2003
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TABLE 11-24c
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION CN-1**

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity pmhos/cm 2019 1
pH Units 8.6 -
TDS mg/1 1611 25
TSS mg/1 293,000 1
Calcium mg/1 - 0.5
Magnesium mg/1 - 0.5
Sodium mg/1 - 0.5
Potassium mg/] - 0.5
Carbonate mg/l - 2
Bicarbonate mg/1 - 10
Sulfate mg/1 - 10
Chloride mg/1 1500 10
Fluoride mg/l 1.84 0.1
Nitrate mg/l 3 0.05
Iron mg/1 7.0 0.25
Manganese mg/1 4.0 0.25
Boron mg/1 0.78 0.1
Selenium mg/1 0.02 0.001

(3) Data set includes irrigation and precipitation runoff samples.
(4) Data set represents eight (8) years of data collection, 1985-1992
(5) Baseline data collection is not complete, monitoring discontinued May 2000.
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TABLE 11-24d
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION CNs-1*

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity pmhos/cm 2300 1
pH Units 8.7 -
TDS mg/1 1669 25
TSS mg/1 1,120,000 1
Calcium mg/1 - 0.5
Magnesium mg/1 - 0.5
Sodium mg/1 - 0.5
Potassium mg/1 - 0.5
Carbonate mg/1 - 2
Bicarbonate mg/1 - 10
Sulfate mg/1 - 10
Chloride mg/1 1500 10
Fluoride mg/1 1.84 0.1
Nitrate mg/1 3 0.05
Iron mg/1 7.0 0.25
Manganese mg/1 4.0 0.25
Boron mg/1 1.02 0.1
Selenium mg/1 0.02 0.001

(3) Data set includes irrigation and precipitation runoff samples.
(4) Data set represents eight (8) years of data collection, 1985-1992
(5) Baseline data collection is not complete, monitoring discontinued May 2000.
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TABLE 11-24e
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION CS-13*

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity pmhos/cm 5620 1
pH Units 8.62 -
TDS mg/1 1240 25
TSS mg/1 1,030,000 1
Calcium mg/1 - 0.5
Magnesium mg/1 - 0.5
Sodium mg/] - 0.5
Potassium mg/] - 0.5
Carbonate mg/1 - 2
Bicarbonate mg/] - 10
Sulfate mg/] - 10
Chloride mg/1 1500 10
Fluoride mg/] 1.32 0.1
Nitrate mg/1 3 0.05
Iron mg/] 17.6 0.25
Manganese mg/] 4.0 0.25
Boron mg/1 1.10 0.1
Selenium mg/l 0.02 0.001

(3) Data set includes irrigation and precipitation runoff samples.
(4) Data set represents eight (8) years of data collection, 1985-1992
(5) Baseline data collection is not complete, monitoring discontinued May 2000.
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TABLE 11-24f
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION NB-1**

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity pmhos/cm 8200 1
pH Units 8.6 -
TDS mg/1 8260 25
TSS mg/1 67,300 1
Calcium mg/l - 0.5
Magnesium mg/l - 0.5
Sodium mg/] - 0.5
Potassium mg/l - 0.5
Carbonate mg/] - 2
Bicarbonate mg/l - 10
Sulfate mg/1 - 10
Chloride mg/1 1500 10
Fluoride mg/l 2.96 0.1
Nitrate mg/l S 0.05
Iron mg/1 7.0 0.25
Manganese mg/l 4.0 0.25
Boron mg/] 0.98 0.1
Selenium mg/] 0.02 0.001

(3) Data set includes irrigation and precipitation runoff samples.
(4) Data set represents eight (8) years of data collection, 1985-1992
(5) Baseline data collection is not complete, monitoring discontinued May 2000.
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TABLE 11-24g
SURFACE WATER MONITORING REFERENCE CRITERIA

STATION NB-2>*

PARAMETER UNIT SELECTED CRITERIA MAX DETECT LIMIT
Conductivity umhos/cm 4200 1
pH Units 8.6 -
TDS mg/1 3840 25
TSS mg/1 64,500 1
Calcium mg/] - 0.5
Magnesium mg/1 _ - 0.5
Sodium mg/1 - 0.5
Potassium mg/l - 0.5
Carbonate mg/1 - 2
Bicarbonate mg/1 - 10
Sulfate mg/1 - 10
Chloride mg/1 1500 10
Fluoride mg/l 1.86 0.1
Nitrate mg/] S 0.05
Iron mg/] 7.0 0.25
Manganese mg/1 4.0 0.25
Boron mg/] 0.75 0.1
Selenium mg/l 0.022 0.001

(3) Data set includes irrigation and precipitation runoff samples.
(4) Data set represents eight (8) years of data collection, 1985-1992
(5) Baseline data collection is not complete, monitoring discontinued May 2000.
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11.6.4 Stream Buffer Zone Evaluation

Seven major drainages have been identified within the Navajo Mine permit area and are
discussed in Section 11.6.3.1, and shown on EXHIBIT’S 7-3, 7-4, and 7-4C (CHAPTER 7). The
seven drainages are: Chinde Wash, Hosteen Wash, Barber Wash, Neck Arroyo, Lowe Arroyo,
Cottonwood Arroyo and Pinabete Arroyo. Mining or support activities are projected to occur in

all of the listed drainages except in the Pinabete Arroyo.

Mining will not occur in the Neck Arroyo, however, transportation roads and facilities are

present. The drainage to the Lowe Arroyo has been diverted around the mining area see Section

11.5.5.3.

A Summary of the Probable Hydrologic Consequences, Section 11.6.1, the discussion of mining

activities upon the quality and quantity of surface water was concluded to be negligible. See
CHAPTER 7, for a review and understanding of the results and conclusions reached for surface

water in Section 11.6.1. The conclusions reached in Section 11.6.1, meets the requirements

found at 30 CFR 816.57.

Those areas identified as stream buffer zones (EXHIBIT’S 11-9 through 11-11) outside the
approved mining disturbance (see CHAPTER 12, EXHIBIT’S 12-1, 12-2, and 12-3 for
scheduled mining disturbance) will not be disturbed by surface mining activities (30 CFR
816.57(b)) and will be marked as described in Section 11.1.1. The remaining drainages will not

be marked since none of the sub-watersheds within the identified drainages meet the definition of

buffer zone stream.

The stream buffer zone for the Pinabete Arroyo will fall outside the permit boundary, thus it will

not be identified and marked.
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11.6.5 Area II Reclaimed Channels

Three reclaimed channels in the Area II FSC have watersheds that are larger than 640
acres, which require detailed designs according to the Reclamation Surface Stabilization
Handbook. The three reclaimed channels are Chinde Arroyo Branch 1, Hosteen Wash
Branch 1, and South Barber Channel. The design of the main branch of Chinde Arroyo
will be submitted under a separate cover. The alignments of the reclaimed channels are
shown on EXHIBIT 11-76 and the pre-mine surface configuration with channels is
shown on EXHIBIT 11-76F.

The design of the reclaimed channel was based on a comparison of pre-mine channel
flow velocities with post-mine channel flow velocities using HEC-RAS. Specifically, the
design philosophy was to design a channel that is: 1) equally or more stable than the pre-
mine channel] (by demonstrating that the post-mine flow velocities are less than the pre-

mine), and 2) able to convey the 100-year, 6-hour event.

Table 11-26 compares pre-mining and post-mining channel velocities for the entire
channel reach that was modeled. Both the maximum and average flow velocities are
provided for each of the three drainages modeled. Table 11-27 provides a detailed
breakdown between channel reaches (channel stations) by listing the design flows that
were input at each station and the corresponding flow velocities for that particular
channel reach. For all design storm events, the reclaimed channels have a lower
maximum and average flow velocity than the premine channels sce Table 11-26. Results
of the HEC-RAS analysis also indicate that the reclaimed channels will convey the peak
flows generated by the 100-year, 6-hour precipitation event. Complete HEC-RAS output
files for all three modeled channels by design storm events (2, 10, 25, 100-year, 6-hour
peak flows) are provided in Appendix 11-NN (post-mine) and Appendix 11-PP (pre-

mine).
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The lower post-mine flow velocities are attributed to lower peak flows and different channel
geometries in the reclaimed channel versus the pre-mine channel. The lower peak flows result
from replacement of pre-mine badlands with reclaimed areas that have lower curve numbers.
Generally, the pre-mine channels that were modeled are incised, which confines the flow and
increases the flow depth, producing higher channel velocities than the reclaimed channel. The
grades of the pre-mine channels were also steeper. The reclaimed channel section consists of a
pilot channel and a main channel or a floodplain (See EXHIBIT 11-76E). The geometry of the
design sections for the reclaimed channels were proportioned depending on the magnitude of the

flows.

Pre-mine and post-mine channel peak flows were estimated using SEDCAD for the 2, 10, 25,
and 100-year, 6-hour events. The supporting documentation for the pre-mine peak flow
estimations are in Appendix 7-A (Hosteen Wash), 7-B (Barber Wash), 7-G (Chinde Arroyo) and
7N (South Barber Channel). The supporting documentation for the post-mine peak flow
estimations are in Appendix 11-BB (Chinde Arroyo), 11-CC (Hosteen Wash), 11-DD (Barber
Wash), and 11-EE (South Barber Channel).

The pre-mining SEDCAD drainage subdivision for Chinde Arroyo is shown on EXHIBIT 7-3,
the post-mining drainage subdivision is shown on EXHIBIT 11-75. The pre-mining SEDCAD
drainage subdivision for Hosteen, Barber, and South Barber drainages is shown on EXHIBIT 7-

4C, the post-mining drainage subdivision is shown on EXHIBIT 11-75A.

The peak flows were input upstream of the prediction points or SEDCAD structures for both the
pre-mine and post-mine HEC-RAS analysis. Inputting the peak flows in this manner will
generate conservative results. The results of the HEC-RAS pre-mine analysis for the 2, 10, 25,
and 100-year, 6-hour peak flow for the modeled channels are in Appendix 11-PP, HEC-RAS
Results for Area II Pre-Mine Channels.
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Analysis of Pre-mine Channels

Due to the lack of detailed cross-sectional channel data within the lease, the development of the
pre-mine channel sections used in the HEC-RAS is based on one representative surveyed cross-
section. This cross-section is taken from both upstream and downstream of the lease for each
respective drainage. The surveyed downstream cross-section was repetitively projected
upstream across the lease to a transition zone for that particular channel. Similarly, the surveyed
upstream cross-section was repetitively projected downstream across the lease to the transition

zone.

The transition zone, 1300 to 1500 feet in length, connects the upstream and downstream channel
configuration. The length and location of the transition between the upstream and downstream
cross-sections was based on topographic information. Natural pre-mine transitions (I.E., incised
badland channel to a broad valley channel) are evident from the topography and these

approximate locations determined the location of the modeled transitions.

This method of interpolation across the lease area for development of the pre-mine channel for
the HEC-RAS analysis was applied for modeling Hosteen Wash Branch 1. Locations of the
transitions and the representative upstream and downstream cross-sections used in the HEC-RAS

modeling are shown on the pre-mine plan and profile sheets, Exhibit 11-76G.

The channel profiles used in the HEC-RAS pre-mine analysis were extracted from USGS and

aerial surveys at 10-foot contours.

Analysis of Reclaimed Channels

The flow velocities in the reclaimed channels were determined by inputting the reclaimed
channel sections into HEC-RAS. The reclaimed channel reaches are transitioned into the existing
natural channel at the upstream and downstream ends. The transitions of the reclaimed channel

to the natural channel generally occurred over a 500 to 700 foot reach. The post-mine peak
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flows and gradient for that particular drainage dictated the geometry of the reclaimed channel.
The reclaimed channel cross-sections are shown on EXHIBIT 11-76E, Sheet 1. The locations of
the transition reaches and the design sections used in the HEC-RAS model are shown on the plan
and profile sheets EXHIBITS 11-76A, 11-76B, and 11-76C.

The reclaimed channel profiles are generally uniform, which was stipulated by the elevation of
the channel bottom at the upstream and downstream lease boundaries. Except where the
reclamation has been completed, such as the downstream reach of the Barber Reclaimed
Channel. In this case, the elevation of the channel just up-stream of the completed reclamation

and the channel elevation downstream at the lease line will determine the grade.

Due to the completed reclamation in Up Dip Barber the grade of the Barber Reclaimed Channel
is set and will not change. Because this area is reclaimed and includes an existing vegetated
channel, the necessity of constructing a reclaimed channel and resultant disturbance to the area
across the reclamation should be evaluated. Specifically, the natural channel that has developed
and which will continue to develop during the time prior to final reclamation will likely have a
similar geometry to the reclaimed channel, particularly the pilot channel. The lower reach of the
Barber Reclaimed Channel will be monitored for channel development and stability in order to

determine if construction of the reclaimed channel is required.

The profile of the Barber Reclaimed Channel just east of the rail will have a significant drop; this
reach of channel will require a riprapped drop structure to control erosion. The drop structure
will be designed for a 25-year, 6-hour stability and 100-year, 6-hour capacity. The reclamation of
the channel will be done during the final reclamation of the railroad embankment. The

embankment material will be used to reduce the grade of the drop structure.

Chinde Branch 1 in the post-mining topography is a tributary to the to the Chinde Permanent
Diversion, which did not occur in the pre-mine topography. The post-mining topography changes
the pre-mine drainage pattern by diverting the upstream watersheds of the Hosteen Wash into the

Chinde Arroyo watershed. Consequently, the results of the HEC-RAS analysis could not be
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compared to a corresponding pre-mine channel. However, the flow velocities can be compared to
velocities in the other pre-mine channels analyzed. The flow velocities in Chinde Branch 1 are
all less than the velocities in the other pre-mine channels, except for the Barber Wash 2-year, 6-

hour average velocity (see Table 11-26).

The Chinde Branch 1 Reclaimed Channel converges with the Chinde Diversion at approximately
Sta 0+00, see EXHIBIT 11-76A. The HEC-RAS analysis for Chinde Branch 1 includes this
western lease boundary will be a part of the Chinde Permanent Diversion. The desion section for

Chinde Branch 1 is shown on FExhibit 11-76 E, Sheet 1.

South Barber Channel in the post-mining topography is a tributary to the Neck Arroyo. The post-
mining topography changes the pre-mine drainage pattern by diverting the upstream watersheds
of the Barber Wash into the South Barber watershed. The reclaimed South Barber Channel will
have a riprapped drop structure from Station 13+91 to 20+70. Refer to Appendix 11-DD for
riprap size design and Exhibit 11-76C and 11-76E for the profile and typical section. The flow
velocities in South Barber Channel are less than or equal to the velocities of the pre-mine

channel (see Table 11-26).

Reclaimed Channel Development

The reclaimed channels are designed to have flow velocities equal to or less than the pre-mine
channels. Some erosion is expected, particularly in the pilot channels. All natural channels erode
because they are in constant state of change depending the magnitude of flows conveyed. During
low flows deposition will occur in some reaches of the channel and erosion in other reaches.
Deposition will occur in reaches where the channel bed widens and the flow spreads out, thus

reducing the velocity. Erosion (down cutting with some lateral movement) will occur in reaches
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TABLE 11-26
PRE-MINE AND POST-MINING CHANNEL VELOCITIES

Chinde Branch 1

Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) (fps) (fps) (fps)
2-Year n/a n/a 4.43 4.02
10-Year n/a n/a 6.80 4.50
25-Year n/a n/a 7.62 4.88
100-Year n/a n/a 8.09 5.19
Hosteen Wash Branch 1
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) (fps) {fps) (fps)
2-Year 9.56 4.81 6.65 5.10
10-Year 12.91 6.23 9.42 4.63
25-Year 14.38 6.92 9.58 4.97
100-Year 15.97 7.62 10.63 5.42

South Barber Channel

Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) (fps) (fps) (fps)
2-Year 7.65 5.13 7.65 3.53
10-Year 10.25 6.78 10.25 4.41
25-Year 11.05 7.42 11.05 4.85
100-Year 12.25 7.92 12.21 5.30
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TABLE 11-27
HEC-RAS RESULTS

Chinde Branch 1 Post-mining

2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta)] Q (cfs){ Max Avg 1Q(cfs)] Max Avg |Q (cfs)| Max Avg Q (cfs) | Max Avg |
192.92 38 3.59 3.47 104] 4.92 4.76 149 5.61 4.82 213] 6.19] 4.85
170.00 101 4.22 4.18 258] 6.80] 4.31 468 7.62 4.88 511 7.75] 4.93
123.00 112 4.43] 4.10 332] 6.21 4.49 496 7.04f 492 741 8.05] 5.41
37.00 108 4.331 4.19 333] 6.17 4.48 503 7.06 4.89 758 8.09] 5.36
Hosteen Branch 1 Pre-mine
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta)| Q (cfs) | Max Avg ]1Q (cfs) | Max Avg 1Q(cfs)| Max Avg 1Q(cfs) | Max Avg |
104.00 62 6.46 2.20 192 7.91 2.72 286] 12.90 3.22 423] 8941 3.23
74.00 135 8.76 4.28 395| 10.39 4.91 583] 11.00 5.16 854| 11.77] 5.51
46.00 180 8.79 7.01 511 11.87 9.58 748] 13.27] 10.70] 1,089] 14.73} 12.17
I6.00 226 9.56 8.91 640] 1291 12.16 937] 14.38] 13.53} 1,366] 15.97| 15.03
Hosteen Branch 1 Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta)f Q (cfs) | Max Avg 1Q(cfs)| Max Avg 1Q(cfs)| Max Avg | Q(cfs) | Max Avg
86.00 121 6.30] 4.83 364 8.43 4.52 540 9.26] 4.9 793] 10.17 5.37
28.00 125 6.65 6.33 409 9.42 5.16 627 9.58 5.24 951| 10.63| 5.64
South Barber Channel Pre-mine
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta)] Q (cfs) Max | Avg Q (cfs) | Max Avg ] Q(cfs) | Max Avg | Q (cfs) | Max Avg
15.42 51 7.65 5.13 166] 10.25 6.78 2511 11.05 7.42 375] 1225} 7.92
South Barber Channel Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta)] Q (cfs) | Max Avg | Q (cfs)| Max Avg ] Q(cfs)| Max Avg Q (cfs) | Max AVL
107.54 24 3.23 3.14 73] 4.56 3.76 110 5.28] 4.08 164] 6.04] 4.51
87.54 22 3.16 2.80 781 4.81 3.42 123 5.52 3.82 192 6.27| 4.26
27.00 31 2.98 2.87 103} 4.43 3.38 159 5.09 3.68 243 5.87| 3.97
20.70 51 7.65 5.06 166] 10.25 6.58 251] 11.05 7.19 3771 12.21 7.71
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where the channel bed narrows and confines the flow, which increases the velocity. This

generally occurs in reaches with increases in channel bed slopes.

During high flows the sediment deposited during the low flows will be washed down stream and
lateral movement of the channel banks will also occur with some down cutting of the channel
bed. This process is also expected to occur in the reclaimed channels. Lateral movement of the
pilot channel is expected but will be confined within the banks of the main channel. The pilot
channel in time is expected to resemble the surrounding natural channels. It could be incised in
some reaches of the channel with depths as deep as 5 feet at the floodplain. The incised channel
depths in the existing or natural channels directly downstream of the lease are much deeper (See
EXHIBIT 11-76E). Erosion is expected to occur in the reclaimed channels but the erosion rate
will be less since the flow velocities in the reclaimed channels are less than the pre-mine (See

TABLES 11-26 and 11-27).

The erosion depth or incised pilot channel depth was selected based on observations of channel
erosion in mine spoils. Typically at a scour depth of three feet or less into the spoil material,
armoring of the channel bottom has occurred as the finer-grained sediments are winnowed away.
Armoring of the channel consists of the preferential concentration of the remaining coarser
material that range in size from pea — sized gravel up to large (3 foot length of the long axis)

sandstone cobbles and boulders.

Low frequency (10-year, 6-hour or greater) large flows and corresponding higher velocities are
required to transport these coarse materials. Consequently for the higher frequency (2-year, 6-
hour) smaller flows, the abundant coarse materials in combination with vegetation will serve to

stabilize the grade and minimize erosion and down cutting.

Cut bank depths up to 5 feet deep could result if a 3 feet deep incised pilot channel should
migrate and abut against a 1.5 to 2.0 feet thick floodplain bank (See FIGURE 11-27). If the
incised pilot channel exceeds three feet deep or should erode beyond the toe of the main channel

into the reclaimed slope, the area/erosion will be repaired.
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11.6.5.1 Area III Reclaimed Channels

Seven post-mining or reclaimed channels in the Area III FSC have watersheds that are larger
than 640 acres, which require detailed designs according to the Reclamation Surface
Stabilization Handbook. The alignment of the seven post-mining/reclaimed channels are shown
on Exhibit 11-78 and are designated as Lowe, Lowe North, Lowe North R2, Lowe North R3,
Lowe North R4, Lowe South, and North Fork. The pre-mine surface configuration with channels
is shown on EXHIBIT 11-78A.

The design of the reclaimed channel was based on a comparison of pre-mine channel flow
velocities with post-mine channel flow velocities using HEC-RAS. Specifically, the design
philosophy was to design a channel that is: 1) equally or more stable than the pre-mine channel
by demonstrating that the post-mine flow velocities are less than the pre-mine, and 2) able to

convey the 100-year, 6-hour event.

Mining has disturbed the main channel and tributaries of Lowe North and Lowe South Branches;
therefore detailed cross-sections of the pre-mine channels are not available to perform a
HEC_RAS analysis for comparison with the reclaimed channels. In lieu of a comparison with
pre-mining channel conditions, the reclaimed channels were designed to have average flow
velocities less than 5 fps during the peak flow from a 2 year-6 hour storm event. The limiting
criterion of 5 fps is based on the erosive velocity of the spoils, which is 5 fps. The bottom and
banks of the reclaimed channels will be in the regraded spoils. The channel bottoms and banks
will not be topsoiled. Only the North Fork pre-mine channel and the downstream reach of the
Lowe Arroyo near the western lease boundary were analyzed as pre-mine channels for

comparisons with the post-mining channel.

Table 11-28 compares pre-mining and post-mining channel velocities for the entire channel

reaches that were modeled. Both the maximum and average flow velocities are provided for
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each of the drainages modeled. Table 11-29 provides a detailed breakdown between channel
reaches (channel stations) by listing the design flows that were input at each station and the
corresponding flow velocities for that particular channel reach. For all design storm events the
reclaimed channels have a lower maximum and average flow velocity than the premine channels.
For all the reclaimed channels not compared to a pre-mining channel the average flow velocities
during the 2 year-6 hour storm event are less than 5 fps. Results of the HEC-RAS analysis also
indicate that the reclaimed channels will convey the peak flows generated by the 100-year, 6-
hour precipitation event. The HEC-RAS output files for all the reclaimed and pre-mining
channels modeled are provided in Appendix 11-X1 and 11-Y1 (post-mining); and Appendix 11-
X2 and 11-Y2 (pre-mining).

The lower post-mine flow velocities are attributed to lower peak flows and different channel
geometries in the reclaimed channel versus the pre-mine channel. The lower peak flows result
from the replacement of pre-mine badlands with reclaimed areas that have lower curve numbers.
Generally, the pre-mine channels that were modeled are incised, which confines the flow and
increases the flow depth, producing higher channel velocities than the reclaimed channel. The
grades of the pre-mine channels were also steeper. The reclaimed typical channel section
consists of a main channel that will retain the 2 year-6 hour peak flow with a floodplain. The
flows larger than the 2 year-6 hour peak flow will overflow into the floodplain (See EXHIBIT
11-78C). The geometry of the design sections for the reclaimed channels was proportioned

depending on the magnitude of the flows.

Pre-mine and post-mine channel peak flows were estimated using SEDCAD for the 2, 10, 25,
and 100-year, 6-hour events. The peak flows were input at the prediction points or SEDCAD
structures for both the pre-mine and post-mine HEC-RAS analysis. The supporting
documentation for the pre-mining peak flow estimations are in Appendix 7-D (Lowe Arroyo),
and 7-H (Cottonwood Arroyo). The supporting documentation for the post-mining peak flow
estimations are in Appendix 11-X (Lowe Arroyo), and 11-Y (Cottonwood Arroyo).
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The pre-mining SEDCAD drainage subdivision for Lowe and Cottonwood Arroyo is shown on

EXHIBIT 7-4, the post-mining drainage subdivision is shown on EXHIBIT 11-77.

Analysis of Pre-mine Channels

Mining has not disturbed the North Fork of the Cottonwood Arroyo, the reach inside the permit
boundary was field surveyed to obtain cross-sections on approximately 100-foot intervals. The
locations of the cross-sections are shown on Exhibit 11-78A, Sheet 3. The cross-section data and
the predicted peak flows from SEDCAD were input into HEC-RAS to obtain pre-mining channel
flow velocities and depths. The HEC-RAS results are presented in Appendix 11-Y2 and

summarized on Table 11-28 and 11-29 in this section.

The downstream reach of the Lowe Arroyo at the western permit boundary was also surveyed to
obtain cross-sections on approximately 100-foot intervals. Mining has not disturbed this reach of
channel. The cross-section data and the predicted peak flows were input into HEC-RAS to obtain
both pre-mining and post-mining channel flow velocities and depths for comparative purposes.
The HEC-RAS results are presented in Appendix 11-X2 (pre-mining) and Appendix 11-X1

(post-mining) with results summarized on Table 11-28 and 11-29 in this section.

The Manning’s roughness coefficients (n) used for the North Fork pre-mine channel in the HEC-
RAS analysis were as follows: 0.045 for the floodplain, 0.035 for the channel banks, and 0.030
for the channel bottom. For the Lowe Arroyo pre-mine channel, the reach in the vicinity of the
western permit boundary, the n values used were: 0.045 for the floodplain and a composite n of

0.033 for the channel bottom and channel banks.

Due to the lack of detailed cross-sectional data of the North Lowe and Lowe South main
channels including its tributaries, the pre-mine HEC-RAS analysis were not preformed for these

channels.
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Analysis of Reclaimed Channels

The flow velocities in the reclaimed channels were determined by inputting the reclaimed
channel sections into HEC-RAS. The reclaimed channel sections were taken from the Area III
FSC on approximately 200-foot intervals. The reclaimed channel reaches are transitioned into
the existing natural channel at the upstream and downstream ends. The transitions of the
reclaimed channel to the natural channel generally occurred over a 100 to 200 foot reach. The
post-mine peak flows and the gradient of that particular drainage channel dictated the geometry
of the reclaimed channel. The locations of reclaimed channel cross-sections used in HEC-RAS
are shown on EXHIBIT 11-78, Sheets 2-4. The typical reclaimed channel sections are shown on

EXHIBITS 11-78C and the profiles are shown on Exhibit 11-78B.

The Manning’s roughness coefficients (n) used for the reclaimed channels in the HEC-RAS
analysis were as follows: 0.045 for the floodplain and a composite n of 0.033 for the channel .
bottom and channel banks. For the configuration of the reclaimed channels analyzed the
composite n is approximately equivalent to a channel having n values of 0.030 for the channel
bottom and 0.035 for the channel banks.

Due to lack of detailed cross-sections of the pre-mine channels in the Lowe Arroyo watershed a
comparative analysis could not be made between pre-mining and post-mining conditions. In lieu
of a comparative analysis, the reclaimed channels in the Lowe drainage area were designed to
have flow velocities less than 5 fps during the 2 year-6 hour peak flow. The gradients of the
reclaimed channels in the Lowe drainage area are also generally less than pre-mine, except in the
steep reaches where drop structures are required. This coupled with the cross-sectional
configuration of the reclaimed channel strongly indicates that the post-mine flow velocities could
possibly be less than the pre-mine. The HEC-RAS results for the reclaimed channels within the
Lowe watershed are in Appendix 11-X1 and summarized on Table 11-28 and 11-29.
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Drop structures will be utilized in the steep reaches of the reclaimed channels to control erosion.
The drop structures will be designed to remain stable during the 25 year-6 hour peak flow and
pass the 100 year-6 hour peak flow with a 1-foot freeboard. A computer software, Rip-rap
Design Systems, Version 2; WEST Consultants, Inc.; San Diego, Ca, which calculates rip-rap
size utilizing seven different methods was used to determine the rip-rap size. Four design
methods (ASCE, USBR, Isbash, and HEC-11) were used to determine the D5 rock size. For the
selected Dso rock size refer to the drop structure schedule on Exhibit 11-78C. The supporting
design data for the drop structures is presented in Appendix 11-X3. The locations of the drop
structures are shown on the plan and profile drawings, Exhibit 11-78, Sheets 2 and 3; and Exhibit
78B, Sheets 1 and 2, respectively.

Tributaries having less than 640 acres of watershed may require rip-rap down drains depending
on the grade at the entrance into the main reclaimed channel. The designs for these down drains
will be done during the final regarding process and will be presented on reclamation as-built

drawings. The as-built drawings will be submitted to the regulatory agency.

Reclaimed Channel Development

The reclaimed channels are designed to have the average flow velocities less than the pre-mine
channels or less than 5 fps. Some erosion is expected, particularly in the main channels. All
natural channels erode because they are in constant state of change depending the magnitude of
flows conveyed. During low flows deposition will occur in some reaches of the channel and
erosion in other reaches. Deposition will occur in reaches where the channel bed widens and the
flow spreads out, thus reducing the velocity. Erosion (down cutting with some lateral movement)
will occur in reaches where the channel bed narrows and confines the flow, which increases the

velocity. This generally occurs in reaches with increases in channel bed slopes.

During high flows the sediment deposited during the low flows will be washed down stream and

lateral movement of the channel banks will also occur with some down cutting of the channel

11-217 (11/96; 5/01)



bed. This process is also expected to occur in the reclaimed channels. A pilot channel is expected
to develop within the main channel. Lateral movement of the pilot channel is expected occur but
will be confined within the banks of the main channel. The pilot channel in time is expected to
resemble the surrounding natural channels. It could be incised in some reaches of the channel
with depths as deep as 6 feet at the floodplain. The incised channel depths in the existing or
natural channels directly downstream of the lease are much deeper. Erosion is expected to occur
in the reclaimed channels but the erosion rate will be less since the flow velocities in the

reclaimed channels are less than the pre-mine (See TABLES 11-28 and 11-29).

The érosion depth or incised pilot channel depth was selected based on observations of channel
erosion in mine spoils. Typically at a scour depth of three feet or less into the spoil material,
armoring of the channel bottom has occurred as the finer-grained sediments are winnowed away.
Armoring of the channel consists of the preferential concentration of the remaining coarser
material that range in size from pea-sized gravel up to large (3 foot length of the long axis)

sandstone cobbles and boulders.

Low frequency (10-year, 6-hour or greater) large flows and corresponding higher velocities are
required to transport these coarse materials. Consequently for the higher frequency (2-year, 6-
hour) smaller flows, the abundant coarse materials in combination with vegetation will serve to

stabilize the grade and minimize erosion and down cutting.

Cut bank depths up to 6 feet deep could result if a 3 feet deep incised pilot channel should
migrate and abut against a 2.0 to 2.5 feet thick floodplain bank (See FIGURE 11-29). If the
incised pilot channel exceeds three feet deep or should erode beyond the toe of the main channel

into the reclaimed slope, the area/erosion will be repaired.
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TABLE 11-28

PRE-MINE AND POST-MINING CHANNEL VELOCITIES

North Fork
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event {fps) (fps) (fps) {fps)
2-Year 9.34 5.18 6.42 4.79
10-Year 12.08 6.46 8.71 4.73
25-Year 12.58 6.88 9.47 4.66
100-Year 13.48 7.20 10.73 4.70
Lowe
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) {fps) (fps) {fps)
2-Year 8.80 4.46 7.76 3.87
10-Year 11.59 5.95 8.70 5.20
25-Year 12.95 6.55 10.18 5.90
100-Year 14.51 7.13 12.03 6.56
Lowe North
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) (fps) (fps) (fps)
2-Year n/a n/a 5.58 4.32
10-Year n/a n/a 7.94 4.40
25-Year n/a n/a 8.38 4.42
100-Year n/a n/a 9.356 4.50
Lowe North R1
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event {fps) (fps) (fps) (fps)
2-Year n/a n/a 2.21 2.02
10-Year , n/a n/a 3.76 3.40
25-Year n/a n/a 4.41 3.97
100-Year n/a n/a 5.11 4.57
Lowe North R2
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event {fps) (fps) (fps) (fps)
2-Year n/a n/a 3.93 3.83
10-Year n/a n/a 5.99 4.1
25-Year n/a n/a 7.06 4.03
100-Year n/a n/a 8.03 3.98
Lowe North R3
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event {fps) (fps) (fps) (fps)
2-Year n/a n/a 5.24 4.47
10-Year n/a n/a 7.15 6.14
25-Year n/a nfa 7.98 6.76
100-Year n/a n/a 9.09 7.49
Lowe North R4
Pre-Mine Post-Mining*
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) {fps) {fps) (fps)
2-Year n/a n/a n/a n/a
10-Year n/a n/a n/a n/a
25-Year n/a n/a n/a n/a
100-Year n/a n/a n/a nla
Lowe South
Pre-Mine Post-Mining
Maximum Velocity | Average Velocity | Maximum Velocity | Average Velocity
Storm Event (fps) {fps) {fps) (fps)
2-Year n/a n/a 4.87 3.38
10-Year n/a n/a 7.09 3.56
25-Year n/a n/a 7.39 3.57
100-Year n/a nla 8.24 3.68
* The reclaimed reach is riprapped.
11-219

(3/03; 10/06)



TABLE 11-29
HEC-RAS RESULTS

North Fork Pre-mining

2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg | Q(cfs)| Max Avg Q (cfs) | Max Avg | Q(cfs) | Max Avg
150.00 256.0 9.34 5.18] 674.0 | 12.08 | 6.46 971.0 | 1258 | 6.88 | 1,401.0{ 13.48 | 7.20
North Fork Post-mining
2-Year 10-Year 25-Year 100-Year
Fiow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs)| Max Avg | Q(cfs)| Max Avg Q (cfs) | Max Avg Q (cfs) | Max Avg
142.24 249 6.42 4.79] - 665 8.71 4.73 962 9.47 4.66 1,393[ 10.73 4.70
13.03* 1,050] N/A N/A 2,880] N/A N/A 4,196] N/A N/A 6,107 N/A N/A
* For the flow change the reach is undisturbed.
Lowe Pre-minin
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg [ Q(cfs)| Max Avg | Q(cfs) | Max Avg | Q(cfs) | Max Avg
38.83 253.0 | 8.80 500 ) 7350 ) 11569 | 7.13 ] 1,088.0] 1295 | 8.07 | 1597.0] 14.32 | 9.08
15.95 315.0 | 7.35 577 | 926.0 { 10.96 | 8.05 | 1,370.0 | 12.67 | 9.04 | 2,017.0] 14.51 | 10.01
Lowe Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg | Q{cfs)| Max Avg | Q(cfs) { Max Avg | Q(cfs) | Max Avg
38.83 1270 | 7.76 3.94 | 38601 7.09 4.56 578.0 8.25 5.08 859.0 9.66 5.47
33.20 146.0 | 7.09 3.60 | 490.0 | 8.47 5.33 755.0 9.97 6.20 | 1,156.0 | 11.21 | 7.02
15.95 1565.0 | 7.08 3.87 | 5140 | 8.70 5.29 791.0 | 10.18 | 6.01 ] 1,206.0| 12.03 [ 6.72
Lowe North Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
.. |Location (Sta) | Q (cfs) | Max | Avg | Qicfs)| Max Avg Q (cfs) | Max Avg Q (cfs) | Max Avg
'+ 190.01 125.00 5.26 4.14) 372.0 ] 7.03 4.24 553.0 7.69 4.35 820.0 8.78 4.46
53.09 127.00 5.58 4.73] 386.0 | 7.94 4.77 578.0 8.38 4.59 859.0 9.35 4.58
Lowe North R1 Post-mining :
2-Year 10-Year 25-Year 100-Year
Fiow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg | Q(cfs)| Max Avg Q (cfs) | Max Avg Q (cfs) | Max Avg
12.73 17.0 2.21 2.02 77.0 3.76 3.40 126.0 4.41 3.97 202.0 5.11 4.57
Lowe North R2 Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs)| Max Avg | Q(cfs)| Max Avg Q (cfs) | Max Avg Q (cfs) | Max Avg
14.00 112.0 | 3.93 3.83 | 307.0 | 5.99 4.11 445.0 7.06 4.03 643.0 8.03 3.98
Lowe North R3 Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg ] Q(cfs)| Max Avg Q (cfs) | Max Avg | Q(cfs) [ Max Avg
15.89 33.0 5.24 4.04 98.0 7.15 5.42 144.0 7.98 5.96 210.0 9.09 6.60
Lowe North R4 Post-mining
2-Year 10-Year 25-Year 100-Year
Flow Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
Location (Sta) | Q (cfs) | Max Avg {Q(cfs)| Max Avg Q (cfs) | Max Avg Q (cfs) { Max Avg
11.71* 86.0 N/A N/A | 230.0 | N/A N/A 331.0 N/A N/A 475.0 N/A N/A
Lowe South Post-mining
Flow 2-Year 10-Year 25-Year 100-Year
Change Velocity (fps) Velocity (fps) Velocity (fps) Velocity (fps)
(Sta) Q (cfs)| Max Avg | Q(cfs)| Max Avg Q (cfs) | Max Avg Q (cfs) | Max Avg
258.72* 83] N/A N/A 209{ N/A N/A 2961 N/A N/A 418] N/A N/A
243.0 106 3.62 3.07 318 5.78 2.98 473 6.32 3.01 701 7.39 3.13
178.00 106 4.87 3.56 329 7.09 3.86 485 7.39 3.89 739 8.24 3.99
33.2* 106] N/A N/A 490 N/A N/A 755 NI/A N/A 1,156] N/A N/A
15.95* 155] N/A N/A 514] N/A N/A 791] N/A N/A 1,206] N/A N/A

* For the flow change the entire reach is either undisturbed or riprapped.
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11.6.5.2 Ephemeral Stream Diversion Designs

All streams within the Navajo Mine Permit Area with the possible exception of Chinde Arroyo
are hydrologically ephemeral streams. Nevertheless, OSM regulations classify all streams with
drainage areas greater than one square mile as intermittent streams regardless of flow conditions.
Therefore, this section provides information concerning design of permanent diversions for
ephemeral streams and addresses low order stream segments with drainage areas less than one
square mile. Reclamation structures will be designed in accordance with the Reclamation

Surface Stabilization Handbook.

Design flows were developed using the SEDCAD+ computer model following the procedures

and assumptions described in CHAPTER 7.

11.6.5.3 Area IV North Reclaimed Channels

All the drainage basins in post-mining topography are less than one square mile (640 acres). Per
the Reclamation Surface Stabilization Handbook the channels for these drainage basins will not
require detail designs. The detail designs will be developed during the final regrading and

reclamation process.

11.6.54 Area I South Reclaimed Channels

There is one reclaimed channel in the Area I South FSC with a watershed larger than 640 acres,
which requires detailed designs according to the Reclamation Surface Stabilization Handbook.
The reclaimed channel is designated as the Doby North Channel. The alignment of the reclaimed
channel is shown on EXHIBIT 11-85 and 12-5A.

In the vicinity of Doby Pit, the pre-mine surface sloped down towards the west with primarily
sheet flow drainages and some small channels. The post-mine topography changed the pre-mine
drainage pattern by diverting the westward drainages from the off lease undisturbed surface

towards the south via a post-mine channel that runs north to south along the eastern lease
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boundary. The channel also collects surface runoff from a portion of the reclaimed surface to the

west.

Since there was no main channel in the pre-mine surface, the pre and post-mine flow velocities
cannot be compared. The design of the reclaimed channel was based on maintaining the flow
velocity less than the erosive velocity of the channel bed material, which in this case is the spoil
material. The spoil material is primarily composed of shale/clay with sandstone cobbles that has
an erosive velocity of approximately 5 fps. Specifically, the design philosophy was to design a
channel that is: 1) stable by demonstrating that the flow velocities are less than 5 fps, and 2) able

to safely convey the flow from the 100-year, 6-hour event.

Analysis of Reclaimed Channels

The SEDCAD hydrology software was utilized to design the reclaimed channel. The hydrology
for the Doby North Channel was modeled in SEDCAD to simulate the 2, 10, 25 and 100 year- 6
hour storm events. The channel was designed to retain the 10 year-6 hour peak flow without
overflowing the banks. The watershed subdivisions used in the model is presented in Exhibit 11-
85. The results from the SEDCAD runs are presented in Appendix 11-FF. During storms greater
than the 10 year-6 hour, over bank flow will occur at the upper reach of the channel. For all the
storm events simulated, the flow velocities are less than 5 fps, indicating that the channel will be

hydraulically stable.

The profile of the Doby North Channel at the south end of the Doby reclamation area has a
significant drop; this reach of channel will require a riprapped drop structure to control erosion.
The drop structure will be designed for a 25-year, 6-hour stability and 100-year, 6-hour capacity.
The design of drop structure is included in the SEDCAD hydrology model. Refer to Appendix
11-FF.

The location and design details for the Doby North Channel are presented on Exhibit 11-85.
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11.6.6 Hydrologic Monitoring Reporting

Hydrologic monitoring reports will be submitted to OSM on a quarterly frequency and a detailed
monitoring report will be submitted twice during the permit term. The quarterly monitoring
report will consist of a summary of the data collected and events for the quarter, identification of
anomalies, inconsistencies or non-compliances, and include an electronic copy of the raw

analytical data on disk.

In addition to the quarterly hydrologic monitoring report, an in-depth hydrology report will be
submitted twice during the permit term. This detailed hydrologic monitoring report will provide
a detailed reduction, analysis and interpretation of surface and groundwater data collected to
date, in addition to the raw data. The analysis will include plotting hydrographs, parameter
concentration vs. time graphs, trilinear graphs and statistical summaries. The monitoring data is
then compared against historical data trends and water quality standards to identify changes in

water quality or quantity. Specifically for the detailed report, flow and water quality data will be

provided as detailed below.

Flow: For the nearly perennial Chinde Wash stations, CD-1A and CD-2A, weekly hydrographs
will be plotted. A comparison of the flow between the upstream and downstream stations will be

provided.

Water Quality and Sediment: Stage and discharge corresponding to each sample will be reported

along with the measured concentrations. For Chinde Wash, summary statistics will include
water yield and sediment and analyte concentrations for each month. A comparison of water
quality and sediment concentrations between the upstream and downstream stations will be

provided.
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A comparison will be made between surface water quality concentrations collected and the
applicable water quality State of New Mexico for Interstate and Intrastate Streams standards and

Navajo Nation Stream Standards for both the biannual report and the quarterly reports.

Discussion on requirements of the Clean Water Act, National Pollutant Discharge Elimination

System (NPDES) is found in Section 11.2.6.
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