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INTRODUCTION

Included in this addendum report to Bokum Resources
Corporation's Ground Water Discharge Plan submittal of
August, 1978 are the responses to requests for additional
ir formation raised by the Environmental Improvement Division's
~ettex of October 25, 1978 to Bokum Resources. The report is
organized sequentially in sections by number corresponding
to the questions in the memorandum from John Dudley and
Bruce Gallaher of the Water Pollution Control Section of the
EID which was included in the October 25, 1978 letter to
Bokum Resources Corporation.

Bokum Resources Corporation (BRC) and its consultants
Stears Roger (SR), Woodward-Clyde Consultants (WCC), and
Science Applications, Inc. (SAI) have maintained close
liason with each other and the EID in order to proceed as
expeditiously as possible with the additional investigation
that has been required. That liason has involved several
meetings with EID and consultants to discuss and evaluate
the suitability and criteria for additional investigations
conducted by the above mentioned organizations.

In general, the concern expressed by the EID in their
October 25, 1978 letter and attached memorandum may be
divided into four general areas which include:

~ definition of the shallow ground water flow in and

adjacent to the proposed tailings impoundment area

- the proposed diversion of Canon de Marquez and
Arroyo Hondo surface and ground water flow upstream
of the tailings impoundment area to Canon de Santa Rosa



which is north-northeast of the tailings area.

—_ the integrity of the proposed seepage cutoff
trench to prevent ground water flow from
entering the tailings impoundment area and to

prevent tailings liquids from exiting the
impoundment area.

—  adequacy of monitoring efforts to assure detection
of any potential seepage from the tailings

impoundment area.
The remainder of this report includes detailed descrip-
tions of additional investigative efforts of BRC, SR, WCC
and SAI to respond to those specific questions raised by the

EID related to the four aforementioned general areas of

concern.

Each following section is numbered to correspond to the
23 questions raised by EID. Each section is prefaced by the
question raised by the EID from their October 25, 1978

correspondence.



Preface to Questions B-1 through 4 Raised by the EID

The first four questions ra'lsed by the EID from the
October 25, 1978 letter deal with a more detailed evaluation
of the shallow ground water system in and adjacent to the
proposed Marquez tailings impoundment area. Specifically,
the questions are related to providing more detailed maps
showing areal extent of alluvial materials under and
adjacent to the impoundment area, saturated thicknesses of
alluvial materials, potentiometric surface of the alluvial
system, and hydraulic characteristics of the alluvial
materials.

Because BRC proposes to construct a compacted clay
seepage cutoff trench‘to irtercept ground water entering the
impoundment area and prevent seepage from exiting the same
area, definition of the shallow ground water within the
impoundment area becomes less critical than in those areas
immediately upstream and downstream of the impoundment area.
As an alternative, SAI suggested that intensive field in-
vestigation in the areas where ground water flow is proposed
to be intercepted by the cutoff trench would be of greater
value in evaluating the shallow ground water system adjacent
to the tailings impoundment area. Thus, two critical areas
of ground water flow evaluation were defined as existing:
(1) upstream of the tailings impoundment area where the pro-
posed diversion ditch and adjacent seepage cutoff trench
interse; * Canon de Marquez, and Arroyo Hondo and (2) east of
the downstream toe of the tailings dam and parallel to its

axis,




On November 20, 1978, members of the Water Pollution
Control Section of EID met to discuss with SAI the proposed
field investigative effort to define the shallow ground flow
regime in the aforementioned two critical areas. Details of
well/piezometer completions, locations and testing efforts
were discussed. At that time EID agreed that these two areas
were indeed critical and would require the greatest effort.
In an effort to supplement the more detailed investiga-
tions of the two critical areas, SAI has reviewed in consider-
able detail the logs and cross sections prepared by WCC in
their geotechnical investigations. Those logs and cross
sections prepared by WCC have been included in two previous
submitalls to the EID (Appendix J of BRC mill license
application and Appendix A of BRC's Ground Water Discharge
Plan submittal of August, 1978). Thus, in addition to SAI's
intensive investigation in the two eritical ground water
areas, a map detailing the areas of saturation, saturated
thicknesses and ground water elevations as discerned from WCC
investigations throughout the tailings impoundment area is
presented in Figure 1-1. It must be noted, that although
the WCC borings are adequate for delineating saturated versus
non-saturated areas, these borings were not intended for hydro-
logical investigation. Thus, interpretation of the infor-
mation on water level from the uncased WCC borings must be
considered only in general. They are presented here because

they are available, not because they are entirely suiteble.




SAl's ground water investigation report to BRC is included
as Appendix A to this report. This report gives detaiis of
field investigations in the two critical ground water flow

areas. Specific responses to question B-1 through 4 follow.



B-1: A MAP SHOWING THE AREAL EXTENT AND THICKNESS OF ALLUVIAL
MATERIALS UNDER AND ADJACENT TO THE TAILINGS DISPOSAL AREA.

As mentioned previously in the introduction to this
section, details of the water level determinations conducted
by SAI and WCC are compiled on Figure 1-1 (note that data
presented by the two studies are shown by different symbols).
The map shows areas of shallow ground water saturation,
alluvial thickness (alluvium is defined as all materials
including claystone, sand, sand and gravel, and silty sands
overlying the competent unweathered Mancos Shale), saturated
thickness, and ground water elevations. Use of the term
alluvium is not meant to imr®~ all materials are water-
deposited nor that all material is interconnected as a single
aquifer throughout the area of the tailings impoundment.

In fact, it is likely that although ground water exists
across the impoundment area, the groundwater between the

two major aquifers (Canon de Marquez and Canon de Santa Rosa)
is not a continuous aquifer connecting the two canons.

It represents a small amount of perched ground water.
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B-2: A MAP SHOWING THE SATURATED THICKNESS OF ALLUVIAL
MATERIALS IN THE SAME AREA SPECIFIED IN B-1.

Again, the reader is referred to Figure 1-1 and Appendix
A for more detailed evaluations of the saturated thickness of
the alluvial materials in and adjacent to the tailings impound -
ment area. It should also be noted here that comparison of
ground water elevations and saturated thickness between those
piezometers drilled by SAI (DD and TD locations - Figure 1-1)
and the water levels of the WCC drilling (TH locations -
Figure 1-1) are complicated by two factors:
— Drilling by WCC occurred August, 1977 to March, 1978
pPrior to any construction activity. Excavation of
the seepage cutoff trench has significantly altered

water levels adjacent to the proposed tailings dam

in borings and piezometers subsequent to the water
level measurements made by WCC.

~— Interpretation of water level elevations in uncased
weathered materials may be of questionable accuracy.

However, Figure 1-1 does provide insight to the
horizontal extent of saturation in the tailings impoundment
area. SAI studies indicate that in the diversion ditch area
and downstream toe of the tailings dam, saturated thickness
is controlled by proximity of the sand and gravel in and
adjacent to Canon de Marquez (and Arroyo Hondo in the
diversion ditch area) to the underlying dry unweathered
Mancos Shale. Saturated thicknesses in the confined ground

water condition sites were generally one to three feet and



controlled primarily by the occurrence of fractures and
gypsiferous layers in the weathered claystone overlying the
unweathered Mancos Shale. In all drilling, the perched
nature of both the unconfined and confined ground water
systems was confirmed by recovery of hard, dry, competent
shale under the water bearing zone with split spoon
sampling through the hollow stem auger (see Appendix A).
That is, the drilling results indicate water did not
penetrate the unweathered shale.

In almost all cases saturated thicknesses are small
and average about five feet, and range from less than one
foot to as much as seven feet in the diversion ditch area
and one to four feet in the tailings dam area. TH-18
drilled by WCC in September, 1977 showed a saturated thick-
ness of 20 feet which when compared to the other ground
water occurrences and ground water elevations appears
anamolous for the area near Arroyo Hondo approximately mid-
way between the diversion ditch and the tailings dam, and
suggests that the level does not represent the true ground

water elevation for the area.
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B-3: A MAP CONTOURING THE POTENTIOMETRIC SURFACE WITHIN THE
SATURATED ALLUVIUM IN THE SAME AREA

As mentioned previously, ground water elevations for
WCC borings are not strictly comparable to water levels
obtained more recently by SAI. However, Figure 1-1 does
show ground water elevations for WCC borings reporting ground
water. Figure 4 in Appendix A shows a more detailed poten-
tiometric map for the shallow alluvium in the diversion
ditch area. This potentiometric map was prepared using
ground water elevations in the DD piezometer array in the
diversion ditch area for purposes of assessing the shallow
ground water baseflow in that area.

As mentioned in Appendix A, the hydraulic gradient in
the diversion ditch area varies from 0.013 to 0.031 ft/ft.
Prior to conducting the hydraulic investigation in the
diversion ditech area, a small dam had been constructed
across Arroyo Hondo for purposes of impounding water for
construction purposes. This dam was drained prior to
initiating the field investigations discussed herein. It
is thought that much of the variability in saturated
thicknesses and hydraulic gradient in this area may be
attributable to residual effects of the impounded water in
Arroyo Hondo.

The equipotential lines shown in Figure 4, Appendix A

indicate flow moving parallel to the channels of Arroyo

Hondo and Canon de Marquez in an east-southeasterly direction.
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Elsewhere in the tailings impoundment area, it is not as easy

to discern as Precisely the potentiometric surface. In the

tailings dam area, ground water flow directions have un-

doubtedly been affected by construction activity in the

seepage cutoff trench. However, it is apparent that the

ground water flow is to the east in the alluvial and confined

ciaystone units as evidenced by ground water elevations

throughout the area. The absenze of ground water in WCC

borings north from Canon de Marquez and Arroyo Hondo

paralleling the diversion ditch alignment (TH-44, 53, 56)
suggests that the saturated area reported in the La Laguna
basin and eastward is a result of recharge from the playa

lake basin of La Laguna and not the result of recharge from

west of the tailings impoundmert area.



B-4: A MAP UPON WHICH FIELD AND/OR LABORATORY SATURATED
PERMEABILITIES ARE PLOTTED FOR ALLUVIAL SANDS AND GRAVELS
IN THE SAME AREA AS ABOVE.

As discussed in the introduction to the sections dealing
with shallow ground water flow (B-1 through 4), the two
critical areas of ground water flow adjacent to the diversion
ditch and tailings dam near Canon de Marquez and Arroyo
Hondo are considered to be the most important in terms of
providing quantitative description of ground water flow.

In order to accomplish this goal, part of SAIl's field
investigation included a pump test analysis of the shallow
ground water flow in the sands and gravels of Canon de
Marquez. As discussed in Section 3.0, Appendix A, a range
of permeabilities of 585 to 1200 gallons/day/ft? (29,000
to 59,000 ft/yr) were determined from those tests. Based
on ground water gradients and saturated cross sectional
areas as discerned from the DD piezometer array, shallow
ground water baseflow is estimated to be approximately 30

to 70 gallons per minute in the Canon de Marquez/Arroyo

Hondo drainage.




DETAILED LITHOLOGIC LOGS FOR THE
FOR ANY ADDITIONAL HOLES DRILLED

INFORMATION REQUESTED ABOVE.

Drilling logs of the piezometers (and BRMW monitor

wells) are included in SAl's Hydrologic Investigation Report

L

included as Appendix A of this addendum report. Drilling

[+

loge and cross sections of the WCC Geotechnical report

have been submitted in BRC license application (Appendix J).
Also included with the logs of SAI's piezometer installations

are schematic representations of the piezometers showing

lithologies and piezometer completion information
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B-6: RESULTS OF A SUFFICIENT NUMBER OF FIELD AND/OR LABORATORY
SATURATED PERMEABILITY TESTS CONDUCTED ON SO-CALLED "ZONE I"

MATERIALS TO ADEQUATELY DEFINE THE RANGE OF PERMEABILITIES
FOR THESE MATERIALS.

The reader is here referred to Appendix B containing the
WCC report on Zone I material testing. This report contains
information and calculations pertaining to questions B-6, 7,
8, 11, and 12 of the EID memo of Octboer 25, 1978.

Tests were performed by WCC on twelve samples representative
of Zone I material from selected borrow area locations., It
was considered that the selection of a range of representative
samples would be more expeditious and as valid a technique
for determining the range of permeabilities of compacted
Zone I material as testing 50 to 100 random samples.

Results of the permeability tests conducted by wWCC
indicate permeability values for compacted Zone I materials
considerably lower than the values assumed for purposes of
seepage calculations. Tests were done with both demineral-
ized water and simulated acidic raffinate liquid. Perme-
ability determinations were in accordance with U.S. Bureau
of Reclamation Permeability and Settlement of Soils,
Designation E-13, USBR Earth Manual, 1974 (see Appendix B
for test description). Average water permeability for the
Zone I material was 0.026 ft/yr (2.6 X 10-° cm/sec). Per-
meability values for artificial raffinate tests were below

equipment sensitivity (<.001 ft/yr), indicating that the



interaction of raffinate and Zone I materials will
some solid precipitate such as gypsum or induce additional
clay swelling to produce lower permeabilities. 'he presence

of slightly calcareous soils in the borrow areas suggests

precipitation of hydrated calcium sulphate (gypsum) would

be likely when Zone I materials are mixed with the acidiec

(sulfuric acid) raffinate.




. B-7: DETAILED DESCRIPTION OF WHERE "ZONE I'' SAMPLES WERE

COLLECTED, HOW THEY WERE PREPARED, AND/OR HOW THE PERMEABILITY
TESTS WERE PERFORMED.

Table I of Appendix B contains a summation of test results

of permeabilities for the twelve selected Zone I samples.

The locations of

sample collection are also reported in the

same table. The samples were selected from borrow areas

near the tailings dam excavation stockpile and the diversion

ditch excavation area.

Tests were performed on the -3/4 inch fraction of the

twelve representative Zone 1 samples. Appendix B provides

complete details on the USBR procedures followed in making

the permeability determinations on the twelve Zone 1

material samples,
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B-8: A DETAILED LITHOLOGIC DESCRIPTION OF EACH ZONE 1
SAMPLE TESTED.,

Again, the reader is referred to Table I of Appendix B
for a lithologic description of the Zone i - 25 selected.
Lithologies of these samples, borings by WCC, and descriptions
used by SAI in their field investigations were made using
the Unified Soils Classification System (USCS). Figure 8-1
shows the lithologic description of USCS descriptions.

Ranges of lithologies from sandy silty gravel (GP-GM) to

silty lean clay (CL) are reported for the Zone I material

samples which were tested.



Unified Soil Classification System*’

1960) or ASTM Designation: D2487-661,

UNIFIED SOIL CLASSIFICATION SYSTEM

18

Soils are visually classified by the Unified Soil Classification system on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples 10 aid in classification
The classification system is briefly outlined on this chart. For a more detailed description of the system, see **The
Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised April
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FIGURE 8-I



B-9: INFORMATION ON THE CHEMICAL QUALITY OF THE TAILINGS
EFFLUENT,

Table 9-1 shows the estimated chemical quality of the
tailings effluent. The references for sources of quality
data are shown on the table. Water quality determinations
for the tailings effluent will be monitored and reported

as discussed in Section 18.

19



ANTICIPATED TYPICAL ANALYSIS OF WASTE

LIQUORS SENT TO TAILINGS DAM

20

i/l

(g/1)
Uy0, 0.01 Al 0.4 Zn 0.01
V205 0.01 Mn 0.4 S0, 2.0
Mo 0.003 Mg 0.2 PO, 1.0
As 0.004 Ti 0.01 Cl 0.3
Ca 0.8 Cu 0.01 Ra-226 3000 pC
Fe (total) 4 Ni 0.002 Se 0.006
Fe +2 1 Cr 0.001 pH 2
Si 1 Sn 0.004
Na 0.7 Pb 0.005
TABLE 9-1
ANTICIPATED TAILINGS EFFLUENT QUALITY

Reference
1. Hazen Research, Inc. (raffinate tests on BRC ore leach)
2. Environmental Survey of Uranium Fuei Cycle, Report-1248,

U. S. Atomic Energy Commission Division of Licensing,

Washington, D. C., April, 1974.
3. L. Storm, Marquez Mill Superintendent, personal

communication, Janaury, 1979.
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B-10: A DETAILED EXPLANATION OF THE SOURCES OF PROCESS
LIQUIDS GOING TO THE TAILINGS PILE, AS WELL AS QUANTITIES
TO BE RECYCLED TO THE MILL.

Figure 10-1 shows the maximum capacity mill process flow
chart. Included on that flow chart are the estimated process
liquids (acid, flocculant, make-up water, chemicals, etc.).
Figure 10-2 shows the estimated liquids to tailing, stage
capacity curve, stage time curve. From that drawing the
following liquids to tailings rates are anticipated:

262 gpm, tailings
155 gpm, raffinate (85% recycle)

103 gpm, annual precipitation (Stages I & II)

132 gpm, annual precipitation (Stages I1I,
IV and V)

Based on investigations summarized in Appendix
A of this addendum

50 gpm, shallow ground water inflow
Activation of Stage II dam construction is initiated
when the liquid pool elevation reaches 6540 ft (MSL). The
entire seepage cutoff trench will be completed at the end
of Stage II construction. Thus, shallow baseflow from
Canon de Marquez and Arroyo Hondo will be blocked and

diverted upon completion of Stage II construction.
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FIGURE 10-2
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B-11: SEEPAGE CALCULATIONS, ASSUMED PERMEABILITES, AND
MODELS USED TO ARRIVE AT THE ESTIMATED 0.01 CFS. SEEPAGE LOSS.

B-12: SEEPAGE LOSS CALCULATIONS FOR THE COLLECTION DITCH
AND EVAPORATION POND

The reader is again referred to Appendix B containing
the WCC Zone I testing report. It should be noted that
althought the permeability tests performed by WCC indicate
average permeabilities of 0.026 ft/yr, the calculations
regarding seepage losses used a permeability value of 1 ft/yr.
Thus, the reported seepage loss values are considered to be
conservative by a factor of approximately 40X,

The results of the seepage calculations using the

permeability value of 1 ft/yr are summarized below:

~— seepage through dam cutuif trench = 0.0063 cfs
= seepage under dam filter blanket = 0.0005 cfs
— seepage through collection ditch lining =<0.0001 cfs
— seepage through evaporation pond = 0,.0035 cfs

— seepage through "reservoir' cutoff
trenches = 0.0014 cfs
TOTAL SEEPAGE = 0.0118 cfs

Deta'led calculation of seepage through these zones is

presented in Appendix B.
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B-13: A COMPLETE SET OF DESIGN DRAWINGS FOR THE REDESIGNED
DIVERSION DITCH AND DAM IO BE LOCATED UPSTREAM OF THE
TAILINGS DISPOSAL AREA.

The diversion channel was redesigned following a meeting
between EID, NRC, BRC and consultants on October 3. 1978.
The resulting modifications included widening the channel
to 40 feet at the bottom, decreasing the channel slope to
0.2%, and riprapping the channel to above the level of the
probable maximum flood flow. Subsequently, the geomorpho-
logic aspects of the diversion channel have been investigated
by Dr. Peter F. Lagasse (consultant to the EID) and Dr.
Stanley A. Schumm (consultant to BRC).

Dr. Schumm has proposed that the diversion channel be
constructed essentially as orginally planned, then allowed
to degrade to its natural gradient (approximately 1.8%),
with BRC insuring that the channel be brought to this gradient
by mechanical means, if necessary.

The present design concept incorporates the natural
erosion concept specifically as follows:

1. Elimination of riprap on the floor and west
slope of the diversion channel.

2. Addition of a ten foot wide by four foot deep
cut at the centerline of the diversion channel
as a "'starter cut" for natural erosion.

3. Addition of a 200 foot radius approach to the
diversion channel for Canon de Marquez, resulting
in a wide transition section.

G A U R R L N NI T TR & e | A A R Ve St O S s



Reduction of the '"r'" value for the diversion
channel and approach channel at PMF to 0.025.
The result is higher velocities at lesser depth
of flow. Calculated depth of the PMF flood at
the point of diversion is 23.6 feet leaving a
freeboard of 8.4 feet with a dam height of 32
feet. Calculated depth through curves #l, #2,

and #3 is 26.3 feet, leaving a freeboard of
5.7 feet.

Riprap was re-evaluated at the point of diversion,
using USBR chart for stone sizing below stilling
basins. Twenty-four inch stone size was selected
with blanket thickness of 36 inches.

Applicable diversion channel design drawings included as a

part of this report, are 08-2-24, 08-2-26, and 08-2-38.

Additionally, applicable design computations are included

(see Appendix C). Also included in Appendix C are the

additional following materials:

1.
2.

Dr. Stanley Schumm's report to Stearns Roger.

Stearns Roger's calculations pertaining to
modifications of the diversion ditch as
discussed above.

If required, as an alternative to stabilization of the

channel by natural erosion, BRC will mechanically achieve

the ultimate channel section and gradient (approximately 1.8%)

during the first five years of mill operation.

26
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' B-14: A DETAILED TOPOGRAPHIC MAP SHOWING THE ROUTE OF THE
TAILINGS SLURRY LINE FROM THE THICKENERS TO THE INFLECTION
LINE OF THE TOPOGRAPHY EAST OF THE MILL SITE,

a. DETAILS OF HOW A TAILINCS SLURRY SPILL IN THIS
AREA WOULD BE CONTAINED AND PREVENTED FROM
FLOWING NORTH AND WEST INTO MARQUEZ CANYON UP-
STREAM OF THE PROPOSED DIVERSION DAM,

b. DESCRIPTION OF HOW RUNOFF FROM THE MILL AREA IS
DIVERTED AND CONTROLLED,

Appendix D at the back of this report contains design
drawings for the tailings distribution system, and
descriptions of piping, energy dissipators, pipe flow

‘ ‘ capacities etc. The key plan and drawing index map shows
: the route of the tailings line from the mill area to the
mesa "inflection point" and routes of the line to distri-
bution spigots on the tailings dam and diversion ditch
embankment .

As may be discerned from the key map, at all points
along the slurry line route, drainage will flow into the
tailings impoundment area. Thus, an uncontrolled slurry
line break at any point on the slurry line will flow to
the tailings impoundment area. The additional drawings in
Appendix C contain detail line grades and profiles for the

1 tailings line distribution system.
i Stearns Roger drawing number 08-2-31 (Appendix D)
! . shows a plan view of the mill area. As noted on the

drawing, the north side of the mill area shows a runoff




interception ditch which will be used for diverting precipi-

tation runoff from the mill area. This ditch daylights on

the east side of the mill area approximately 30 feet north

of the inflection point for the tailings slurry line. The

entire mill area is graded to prevent runoff from draining

off the mesa to its northern side. Additionally, all leach
tanks, solvent extraction tanks, and other chemical storage
facilities have Primary containment structures surrounding

the particular vessels. Grading in the mill area will

pProvide drainage to the northern collection ditch.



B-15: DESCRIPTION OF SAMPLE COLLECTION AND HANDLING
PROCEDURES FOR ALL SURFACE AND GROUND WATER DATA PRESENTED,
AND A SAMPLE COLLECTION DATE AND LOCATION FOR SAME.

Since August, 1978 when the BRC Ground Water discharge
plan was filed, two additional water quality sampling trips
were made in September and December to the Marquez area.
Table 15-1 presents the results of the most recent water
quality analyses from the Marquez area. Analytical results
for the sampling trip in December, 1978 are not yet
complete. :

Table 15-2 includes a description of the sample
collection, handling and location for the water quality
data presented in Appendices B and C of the Ground Water

Discharge Plan submittal of August, 1978,
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BRSR-1 BRSR-2 BRSR-3
Ra-226 (pCi/l) (total) <.6 1.1 + 0.4 1.7+ 0

. *Th-230(pCi/1) (total)1.1l + 0.5 7+ 1.2 .0+ 0
U (total) 0.003 0.013 0.011
Ra-226 (pCi/l) 0.7 + 0.3 0.9 + 0.3 1.4 + 0.5

*Th-230 (pCi/l) 5.3+ 2.1 <.8 <.6

U 0.006 0.022 0.016
Ag <,01 <.01 <.01
Ba 7% | .3 Sl
cd 0.001 <.001 0.001
Co <.01 <.01 <.01
Fe 0.23 0.08 0.04
Pb <.001 <,001 <.001
Mn 0.013 0.011 0.004
Mo 0.001 0.001 0.001
Ni <.01 <.01 <.01
Se <,01 <.01 <.01
NO; as N <.01 0.2 0.1
cl 7.0 32, 30.

[ ] F 0.33 0.66 0. 64
S04 309. 407. 411,
TDS 340. 1080. 1052.
pH 8.4 8.9 8.9
TSS 19. 23. 31.

(all analyses, handling and collection as per specifications
in Table 18-1 all concentrations in mg/1 except where noted)

*NOTE: Radiometric analyses reporting counts <20 oCi/l
typically show levels which are higher in dissolved
fraction than in the total determination because of
high analytical errors in ranges approaching limits
of detection.

TABLE 15-1
SURFACE WATER QUALITY DATA COLLECTED 9/8/78




Water Level BRMW-2 BRMW- 3 BRMW-4 BRMW-5 BRMW-6

'(Ft below

b

Land Surface 10.2 3.50 6.03 3.20 10.00
Ra-226 (total) 1. + 0.3 7.8 1.6 1. ¢+ 1.6 7.3 4+ 2.1 1.3 4+ 0.3
Th-230 (total) 8. + 4.4 <.6 <.6 2.5 + 0.8 0.6 + 0.2
U (total) 0.009 0.02 0.011 0.012 0.012
Hg (total) 0.002 0.0011 .0004 <.0004
Ra-226 <.b 2.3 4+0.3 <.6 <.6 <.6
Ra-228 5. %k, 3.+ 13 J. + 1. B ! &3
Th-230 .143.1 28+1 1.1 + 0.8 3.4 + 0.9 2.1 4 1.
U 0.009 0.010 0.017 0.013 0.018
Al N 0.4 0.2 <.1 0.2
As <.01 <.01 <.01 <.01 <.01
Ba P 4 <.} v s:1 L
Cd 0.003 0.003 0.002 0.002 0.001
Cr 0.067 <.001 <.001 <.001 <.001
Cu 0.006 0.006 0.006 0.005 0.007
Pb 0.001 <,001 0.001 0.001 0.002
0.02 0.07 0.07 0.07 0.07
Mn 0.16 0.95 0.072 0.016 0.044
Co <.01 <.01 <.01 <.01 <.01
Mo 0.002 0.003 0.003 0.003 0.003
Ni <.01 <.01 <.01 <.01 <.01
Ag <.01 <.01 <.01 <.01 <.01
Zn 0.07 0.04 0.04 0.03 0.04
Se <.01 <.01 <.01 <.01 0.01
Cl 45, 48 13. 44 59,
F 0.76 0.69 0.58 0.76 0.46
S0, 1000, 768. 2110, 1960, 2030.
DS 1889. 1590. © 3410, 1070. 3420,
NO, 0.2 0.2 g 0.2
pH 7.7 7.5 7.7 7.9 1.7

(all sample collection, handling as per specification on Table 18-1)
(all concentrations in mg/l also except Ra-226, Th-230, Ra-228 in pCi/l)

‘ TABLE 15-1 (CONT'D)
GROUND WATER QUALITY COLLECTED 9/7/78




SAMPLE

DENTIFICATION COLLECTION TECHNIQUE HANDLING

DATE(S) OF SAMPLING

BRW-1

BRW-2

BRW-4

BRW-5

BRW-6

BRW

BRSR-1

BRSR-2

BRSR-3

BRMW-2

BRMW-3

74 - 7C

9-8-77

9-8-77

9-8-77

9-8-77

9-8-77

10-5-77

3-6-78, 4-3-78
5-1-78, 9-5-78
12-12-78

3-6-78, 4-3-78
5-1-78, 9-5-78
12-12-78

3-6-78, 5-1-78
5-1-78, 9-5-78
12-12-78

3-6-78, 4-3-78
5-1-78, 9-5-78
12-12-78

3-6-78, 4-3-78
5-1-78, 9-5-78
12-12-78

1 6
2 6
1 6
1 6
1 6
1 6
1 6
1 6
1 6
3 6
3 6
TABLE 15-2

SAMPLE LOCATION

R s

LOCATION DESCRIPTION

Spring discharge from base of
Point Lookout Sandstone (Ojo
Marquez) in headwaters of
Canon de Marquez.

Artesian well tapping Point
Lookout Sandstone at the head
of Canon de Marquez.

Marquez Mine discharge;
reportedly major water pro-
duction in shaft at the time
from Tres Hermanos Sandstone.

Canon de Marquez immediately
upstream of mine

Road crossing in Canon de
Marquez immediately south of
townsite.

Equally spaced sampling
locations in Canon de Marquez
from immediately downstream
of mine to the tailings
impoundment area.

Immediately upstream of mine
in Canon de Marquez (same as
BRW-5 above)

Immediately downstream of
mine in Canon de Marquez.

Same as BRW-6

32

In Canon de Marquez immediately

upstream of the proposed
diversion ditch.

In Canon de Marquez downstream

of the proposed seepage
evaporation dam.



SAMPLE DATE(S) OF SAMPLING
IDENTIFICATION COLLECTION TECHNIQUE HANDLING
' BRMW-4 3-6-78, 4-3-78 3 6
5-1-78, 9-5-78
12-12-78
BRMW- 5 3-6-78, 4-3-78 3 6
5-1-78, 9-5-78
12-12-78
BRMW- 6 3-6-78, 4-3-78 3 6
5-1-78, 9-5-78
12-12-78
Table 2.6.1C 4-19-76 4 7

previous Disc.
Plan Submittal

Mine Well

4-19-76 5 7

COLLECTION

Rinse new sample container and submerge
or dip from stream with acid rinsed and
washed polyethylene cup.

Artesian flow to new container after
rinse with sample.

Water level measure, bail dry, return
next day and bail sample after rinsing
bailer and new sample container with
ground water sample.

Swab.

Submersible pump.

33

LOCATION DESCRIPTION

In Canon Seco upstream of its
confluence with Canon de
Marquez.

In Canon de Marquez immediately
downstream of its confluence
with Canon Seco.

In Canon de Santa Rosa east of
the northwest corner of the
tailings dam.

Exploration well uncased (see
coordinate location Table 2.6.1C
of Ground Water Discharge Plan.

Mine supply well completed in
Gallup Sandstone (MAR-131B
sheet 2 of 2 of Ground Water
Discharge Plan).

HANDLING
6. As per specifications in
Table 18-1.
7. Unknown

TABLE 15-2 (CONT'D)



B-16: ADDITIONAL DATA (I.E. GEOPHYSICAL LOGS, PREPARED CROSS

SECTIONS, ETC.) WHICH DOCUMENT THE PRESENCE OR ABSENCE OF
FAULTS IN THE TAILINGS DISPOSAL AREA.

As noted of Figure 2.3 of the Ground Water Discharge
Plan submittal of August, 1978, an inferred fault has been
located based on geophysical logs obtained from BRC. Copies
of these geophysical logs for exploration holes 392-B, 396-B, 439-B
390-B, and 394-B are included as Appendix E of this document.

The second fault area discerned from the State Ceologic
Map is shown traversing the Mesa Marquez area near the mill
cite. On November 2, 1978, Jay Lazarus of the EID made
walking traverses of the faulted area on Mesa Marquez to
examine the area. He reported that no apparent large
vertical displacement was evident, but that jointing and
minor faulting of the Gallup Sandstone which caps the mesa
was apparent. There is no additional evidence to infer
that the fault extends further north into the tailings
impoundment area either from visual observation from atop
the mesa or from exploration logs of the area. As discussed
in Sections 18 and 20, moritoring of the upper Tres Hermanos
Sandstone in the vicinity of the fault zone east of the

tailings dam is proposed.
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B-17: MAPS, LEGAL COVENANTS, LEASES AND NARRATIVE DETAILING
THE LAND OWNERSHIP, LAND USAGE PATTERNS, LAND USE RESTRICTIONS,
AND PRESENT/PROJECTED SHALLOW GROUND WATER WITHDRAWALS ALONG

THE MARQUEZ CANYON-SALADO CREEK DRAINAGE SYSTEM FROM MARQUEZ
TO GOTERA VILLAGE

Bokum Resources Corporation controls land ownership and
usage in the vicinity of the Marquez tailings impoundment
area as detailed in two agreements: (1) Lease by and between
Bokum Resources Corporation and the Juan Tafoya Land Crant
(see Appendix F-1); (2) Purchase agreement by and between
Bokum Resources Corporation and the Juan Tafoya Land Corporation,
successor to the heirs of Juan Tafoya Land Grant (see
Appendix F-2).

The lease with the Juan Tafoya Land Grant covering
lands as shown on plate attached to Appendix F-1 provides for
the following which relate to this ground water discharge

plan addendum:

- Term of Lease - Lease shall extond for a primary
term of five (5) years from March 31, 1975, and
shall be automatically renewed for a second five
(5) year term at the option of Bokum Resources
Corporation upon payment of value in cash and so
long thereafter as Bokum Resources is conducting
mining operations or an active exploration pro-
gram upon the property.

— Bokum Resources has the exclusive right and
privilege to (1) explore for, develop, extract,
mill, store, and market all minerals, metals and
ores: (2) to use so much of the surface as may be



necessary in connection with the foregoing
operations; and (3) to use said production
facilities installed on the property for the
additional purpose of producing metals, ores,
minerals or materials from lands which are
owned, operated or controlled by Bokum Resources
adjacent to or nearby the property. Such right
to use said production facilities may continue
after the expiration of the lease so long as

use is required by Bokum Resources in connection
with operations on said adjacent or nearly lands.

— Bokum Resources shall have the right to drill and
maintain water wells upon the property and shall
have the right to use all of the water developed
without charge.

The purchase agreement, dated May 3, 1978, by and
between Bokum Resources Corporation and the Juan Tafoya Land
Corporation (formerly known as the Juan Tafoya Land Grant)
provides for the purchase of surface rights to land as shown
on plat attached as Appendix F-3 and specifically relates

tc the ground water discharge plans as follows:

~ Bokum Resources Corporation is the fee title
holder of the deeded property (approximately
1,000 acres). There is no reversion in the
agreement during the first initial 20 years and
Bokum Resources Corporation can continue owner-
ship with notice and exercise of option with the
result of continuing ownership for two additional
one year periods. At the expiration of the 20
years, plus two option periods of ten years each,
title to the property will revert to the Juan
Tafoya "and Grant corporation upon "discontinuance
of the ownership of the property or the mill
operations thereon."




Bokum agrees to construct a fence encompassing
the acreage purchased to prevent animal entrance.

Bokum Resources is permitted to reroute certain
roads which presently exist and which presently
run through or into the property, as well as
certain waterways presently existing upon the
premises. The Juan Tafoya Land Corporation
grants the authority to Bokum to reroute any of
said roads and waterways around the property
conveyed to Bokum.

The Juan Tafoya Land Corporation agrees to
cooperate with Bokum in its aim of constructing
and maintaining facilities upon said property,
including ingress and egress, without interruption
from any of the Corporation's stockholders or
officers and the Corporation agrees to exercise
reasonable efforts to prevent any stockholders
from constructing any buildings, whether domestic
or commercial, within one-half (%) mile of the
outside boundaries of the tailings pond.

Bokum agrees that upon discontinuance of ownership
of said property or the milling operations thereon
Bokum shall restore the property by complying
with all federal and state law and regulations
pertaining to restoration but not less than the
placing of top soil upon said property where top
soil is required for vegetation growth.

)

Upon expiration ofjownership under this agreement
when Bokum discontinues mill operation and use of
the property for that purpose, the lease of

March 31, 1975, referred to above shall remain in
full force ar? effect unless otherwise terminated
as provided in said lease.




There are certain private tracts of land lo~ated with-
in the boundaries of the Juan Tafoya Land Grant and ccrtain
of these private tracts are within one-half mile of the
exterior boundaries of the ultimate tailings pile. For
purposes of elaboration, these tracts will be considered in
two groups. The first group lies within one-half mile and
upstream of the tailings area, and the second group lies
within one-half mile and downstream of the tailings area.

The tracts that are located one-half mile and upstream
of the tailings area are described as Tracts 3A, 4A, 6A, 7A,
63 and the La Joya Tract. Bokum Resources Corporation has
mineral leases on Tracts 3A, 4A, 6A and 7A. Copies of those
leases are attached hereto as Appendix F-4.

The tracts downstream and within one-half mile of the
tailings area are known as the El Bosque Tract and the Loma
Larga Tract. The El Bosque Tract is owned by Bokum Resources
Corporation with title vested in them with the subsequent
agreement that only after discontinuance of all mill opera-
tionswill the tract be reconveyed to the previous grantors
or their heirs and assigns. Copies of the purchase agree-
ment survey and deed are attached hereto as Appendix F-5.
Bokum Resources Corporation has no contractural agreement
or lease agreement with the tract known as Loma Larga.

All private tracts, whether upstream or downstream,
within the one-balf mile perimeter of the tailings area, are
presently not being used for any residential purposes and

if any grazing is taking place on those lands, it is to a



very limited extent. No water wells exist on any of these

private tracts. It is also important to point out that
regardless of the ownership of the private tracts of the
land grant itself, no residences are located within one-half
mile of the perimeter of the proposed tailings area.

For reference only, note is made of Tract 5A which is
located on the eastern boundary of the Juan Tafoya Land CGrant
and is outside the one-half mile perimeter of the tailings
area. Bokum Resources Corporation has a mineral lease on
Tract 5A, and is attached as Appendix F-6.

All land east of the eastern boundary of the Juan
Tafoya Land Grant along the Salado Creek drainage is owned
by Sohio and Reserve 0il and Minerals for approximately two
and three-quarters (2-3,4) of a mile.

Present and future downstream potential shallow ground
water use between the tailings dam and the property boundaries
in Canon de Marquez is unlikely as Bokum intends to intercept
and divert both shallow ground and surface water runoff up-
stream of the tailings impoundment area and divert this to
Canon de Santa Rosa. Thus, the area between the tailings
dam and the confluence of Canon de Marquez with Canon Seco
and Canon de Santa Rosa (coinciding closely with the
eastern Juan Tafoya Land Grant) will be deprived of pre-
vious recharge sources which would normally provide shallow
ground water to this area and ground water in Canon de

Santa Rosa will increase by an equivalent amount. The

extent of the ground water recharge diversion has been
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estimated (based on baseflow rate at the diversion ditch) to
be approximately 30 to 70 gallons per minute (= 100 ac-ft/yr).
Bokum Resources Corporation currently has water rights to
divert this diminished ground water recharge source. Thus,
it would be advantageous for any potential future land
owner to seek shallow ground water supply in the Canon de
Marquez/Salado Creek area downstream from the tailings dam
at points east of the property boundary where the shallow
ground water recharge of Canon Seco and Canon de Santa Rosa
has been added to the Salado Creek shallow ground water
system. The principles of the Juan Tafoya Land Grant will
be advised of this situation so that in the future they in
turn may advise any potential ground water developers of
the depleted shallow ground water resource in the area
immediately downgradient of the tailings impoundment area.
The two ground water discharge sites identified on the
Salado Creek drainage downstream of the tailings dam site on
the La Gotera 7% minute USGS topographic map were visited by
members of the EID on November 2, 1978 with SAI staff. It
was noted that the well located slightly west of the Evans
Ranch was abandoned and in a state of disrepair. The well/
spring at the Evans Ranch was not visited. Efforts to
contact the occupants of Evans Ranch for the intent of
obtaining well information and water quality samples have
been unsuccessful to date. John Nixon of the New Mexico
State Engineer's Office was contacted on January 19, 1979

to inquire if drillers logs or other well information on



the two above mentioned wells (Section 34, TI1I3N, R4W) were
available from the State Engineer's Office. Mr. Nixon
reported that the Water Rights Division of the SEO had no
information on those two well locations. As noted above,

it is stated that the proposed monitoring plan will detect
any seepage from the tailings dam early enough that remedial
action can be taken to collect any contaminated ground water
prior to its exiting the Juan Tafoya Land Grant. Therefore,
it is not considered that further documentation of ground
water use/withdrawals further east in the Salado drainage
are necessary. Bokum will intercept any contaminated ground
water exiting the impoundment area prior to its moving off

the property boundary.
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B-18: A DESCRIPTION OF THE RATIONALE USED IN DESIGNING THE
GROUND WATER MONITORING PROGRAM.

In designing the ground water monitoring system for the
Marquez tailings impoundment system, the following areas

are of importance:

- In the vicinity of the diversion ditch and the

adjacent seepage cutoff trench approximately 300
to 400 feet east of the ditch.

— To the east of the downstream toe of the tailings
impoundment dam.

— Directly east of and approximately parallel to the
axis of the tailings dam near an inferred fault
which has been tentatively located based on
exploration borings (see Section 16 for discussion
and Figure 18-1).

— In the southeast corner of the tailings impoundment
area where the tailings dam is separated by a knoll.

In order to accomplish the goals outlined in the four
areas mentioned above, a selected number of existing and
Proposed piezometers and wells were chosen as the most
suitable sites for ground water monitoring. A more detailed
description of the selected sites for monitoring, a summary
of measured water quality pérameters, sampling frequency,
field techniques and ancillary surface monitoring follows.

The reader is here referred to Figure 18-1 for the location

of monitoring sites.
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' Diversion Ditch Area

East

of

Monitoring Sites: DD-8, BRMW-2

Purpose: To monitor baseflow water levels and water
quality upstream of the diversion ditch and
seepage cutoff trench.

Monitoring Sites: DD-1, 2, 3, 9, 16, 18

Purpose: To monitor water levels adjacent to Canon
de Marquez upstream of the seepage cutoff
trench. :

Monitoring Site: DD-11

Purpose: To monitor water levels and water quality
between the diversion ditch and the seepage
cutoff trench in Canon de Marquez.

Monitoring Site: DD-10

Purpose: To monitor water levels until seepage cut-
off construction; follow by water level
and water quality after cutoff trench
construction in Canon de Marquez.

Tailings Dam

Monitoring Sites: ID-3, 8, 3, 6, 180; 11 a8 13

Purpose: To monitor water levels and water quality
directly east of tailings dam adjacent to
Canon de Marquez.

Monitoring Sites: BRMW-3, BRMW-5

Purpose: To monitor water levels and water quality
in Canon de Marquez downstream of the
seepage cutofi trench, tailings dam and
evaporation basin,




Southeast Knoll Abutment (proposed)

Monitoring Sites: TD-14, 15

Purpose:

To monitor potential seepage from the
knoll and saddle dam segment in the
southeast corner of the tailings
impoundment area.

Canon Seco and Canon de Santa Rosa

Monitoring Sites: BRMW-4 and 6

Purpose:

To monitor ground water baseflow from
the two tributary drainages to Canon

de Marquez exiting the BRC property
boundary.

Upper Tres Hermanos Sandstone (proposed)

Monitoring Site(s): TH-1, (2)

Purpose:

To monitor Tres Hermanos sandstone down-
stream of the tailings dam, east of the
inferred normal fault. Second well to
be completed pending on Tres Hermanos
permeability (see Section 20).
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Surface Water Monitoring

— Monitoring Sites: BRS-1 and 2

-~ Purpose: To monitor surface flow in Canon de Marquez
immediately upstream and downstream of the
Marquez mine.

— Monitoring Site: BRS-3

— Purpose: To monitor mine discharge as per specifi-
cations in NPDES permit no. NM0028215

— Monitoring Site: BRS-4

— Purpose: To monitor surface flow at diversion
ditch seepage face resulting from inter-
ception of shallow ground water baseflow

— Monitoring Sites: BRS-5 and 6

— Purpose: To monitor tailings effluent to spigot
outlets (BRS-5) and ponded water in
tailings pile (BRS-6).

- Monitoring Site: BRS-7

— Purpose: To monitor seepage from tailings dam toe
prior to entering the evaporation basin.
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B-19: DESCRIPTION OF PLUGGING PROCEDURES THAT HAVE BEEN, OR

WILL BE FOLLCWED IN PLUGGING BRMW-3, AND ALL OTHER TEST HOLES

AND EXPLORATION HOLES WITHIN OR ADJACENT TO THE TAILINGS
DISPOSAL AREA.

All of the shallow test borings and piezometers drilled
by WCC and SAI have not or are contemplated to be plugged.
All of these shallow borings have been completed generally
less than ten to twenty feet into competent unweathered
Mancos Shale. Because these borings do not penetrate aquifers
other than the shallow alluvial ground water, plugging is not
considered to be necessary.

However, the uncased exploration borings made by BRC

in their uranium development and exploration drilling programs
did penetrate deeper lying water bearing zones (Tres Herwanos,
Dakota and Westwater Canyon Sandstones) that could potentially
be impacted by tailings seepage. All exploration holes
drilled by BRC in their exploration programs throughout the
lease area have been plugged according to specifications of
the New Mexico State Engineers Office. Specifications for
plugging with high gci strength drilling mud or cement are
shown in Appendix G. Exploration holes in the area have

utilized both techniques (mud or cement) for hole plugging.



B-20: CONSTRUCTION DETAILS OF THE PROPOSED TRES HERMANOS
WELLS INCLUDING DRILLING METHOD, CASING PERFORATION PROGRAM,
METHOD OF EMPLACING CEMENT AND GRAVEL PACK, AND DESCRIPTION

OF THOSE ZONES WHICH ARE TO BE CEMENTED, GRAVFL PACKED, OR
LEFT AS OPEN ANNULUS.

Figure 20-1 illustrates the propnsed construction details
for the Tres Hermanos monitoring well(s). The sequence of

completion details follows:

1. Based on geophysical logs of exploration holes
392-B, 396-B, 439-B, 390B, and 394B, (see Section
16 and Appendix E), the fault is inferred to occur
about 350 feet west of 390-B. The well will be
set 150 tc 250 feet west of 390-B (east of fault
on upthrown side of fault). Air rotary drill a
4%" hole one to two feet into the upper Tres
Hermanos Sandstone. After topping the upper Tres
Hermanos Sandstone, ream the hole (air) to 9 5/8"
diameter.

2. 1Install six inch I.D. steel casing with centering
guides to the top of the upper Tres Hermanos.

3. Displace grout through 6" casing into ann':lus.
Grout continuously from the top of the u .cr Tres
Hermanos to the surface.

4. Depending upon water production in the upper Tres
Hermanos Sandstone, rotary drill (air or mud) 5%"
hole 25 to 30 feet through upper Tres Hermanos
Sandstone.

3. Perform grain size analysis on cutting return from
Tres Hermanos to determine proper screen slot size.

6. Install 4" I.D. continuous wire wrap screen through
6" casing with neoprene self sealing packer to T.D.



7. Develop well by air 1lift and/or bailing until fine
material washed from well bore.

Upon final completion, this well (TH-1) i1l be tested
to determine if the Tres Hermanos sand is permeable enough
to warrant a second well on the west side of the inferred
fault. The second well will be drilled after discussion
with EID and presentation of water quality and well per-
formance data to determine if the Tres Hermanos should be
further monitored. 1If needed, the second well would be

completed in & similar manner to TH-1.
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UPPER TRES HERMANOS SANDSTONE
MONITORING WELL




B-21:

WITH REGARD TO MONITORING, THE FOLLOWING GE'ERAL

COMMENTS ARE OFFERED:

A:

TAILINGS EFFLUENT MONITORING SHOULD ALSO BE
CONDUCTED AT THE TAILINGS POND, THE SEEPAGE

COLLECTION DITCH, AND THE EVAPORATION POND ON
A QUARTERLY BASIS.

ALL TAILINGS SAMPLES SHOULD BE PRESERVED WITH
APPROPRIATE ACIDS REGARDLESS OF THE pH OF THE
FLUID AT THE TIME OF COLLECTION.

ALL EFFLUENT AND GROUND WATER SAMPLES COLLECTED
FOR DISSOLVED SPECIES SHOULD BE FILTERED AND
AC’DIFIED IN THE FIELD.

THE PROPOSED LIST OF PARAMETERS FOR CHEMICAL
AND RADIOLOGICAL ANALYSIS REQUIRES SOME ADJUST-
MENT. CERTAIN OF THE CONSTITUENTS LISTED IN
TABLE 3.1 OF TH<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>