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December 22,199

RETURy ORIGINAL Topgg
, pq,

Mr. Ramon E. Hall
Director
United States Nuclear Regulatog Commission
Uranium Recovery Field Office
Region IV <

730 Simms Street, Suite 100 ?
Golden, Colorado 80401 rnL L C. ,cn.

a.

RE: LICENSE #SUA-1470 S U 3c ]gg 0%l/ ' |IOU . ''
DOCKET #40-8902

u

Dear Mr. Hall:

This letter is a request to an amendment to AP.CO's Source Material License
#SUA-1470, for the following items:

1. Design modifications - Carbonate Tailings
2. Final design modifications - Main' railings Impoundment South Toe Bench
3. Slope design modifications - Main Tailings Impoundment
4. Rock Specifications - Quary and Scoring Criteria

Att ached are the proposed modifications along with support documentation. As
purieusly discussed with your staff the above referenced items are a result of final design
investQations and digovery of unknown subsurface conditions during current reclamation
activities.

Should you have any questions or wish to review this information with us pleasc contact
myself or Christopher Sanchez of my staff.
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I
| 1.0 DESIGN MODIFICATIONS -

CARBONATE TAILINGS SURFACE AND COVER DESIGN
.

I
1.1 Introduction

I ARCO proposes to make adjustments to the configuration, depth of radon cover and

surface erosion protection on the Carbonate Tailings. Since approval of the

reclamation plan ARCO has undertaken an exploration program to better identify the

aerial extent of the Carbonate Tailings. The results of this exploration have

identified the main body of Carbonate Tailings on the eastern side of the

impoundment to be smaller than originally anticipated. The main body tailings has

been defined as the area where tailings have significant depth. Many areas

surrounding the impoundment were discovered to be shallow and uneven. Figure 1.1
,

f illustrates the original boundary and the new boundary developed following the

i exploration program.

Two of the three Bluewater Mill disposal areas reside within the boundary of the
:

! Carbonate Tailings as shown in Figure 1.1. During decommissioning of the Mill
1 these areas were filled with debris and soil. In determining the final design<

configuration for the Carbonate Tailings, ARCO has re-evaluated the coverg
'N requirements taking into account the layers of debris and soil. These
' modifications have been incorporated into the overall design of the Carbonate

! Tailings.
,

1.2 Relocation of Tailings

i

ARCO will relocate the existing shallow tailings outside the new Carbonate Tailings'

boundarv into the main body of the tailings impoundment to the degree possible with

I conventional equipment. Tailings depths outside of the new boundary range from a

few inches to approximately 3 feet. Relocation of the tailings to within the new
,

[ boundary will eliminate the areas where placement of radon barrier and crosion

protection would be difficult due to the irregular configuration of the tailings.:

il
1
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The new Carbonate Tailings boundary was established from log hole information

collected along the perimeter of the impoundment. The log hole locations are shown

on Figure 1.2 and profile information is attached in Appendix A. Relocated

tailings will be placed in the northwest low lying areas within the new boundary

prior to placement of radon barrier. The final proposed topographic surface is

shown on drawing Figure 1.3. Approximately 25,000-cy of tailings will be relocated ,

to locations within the new boundary.I .

The northwest area of the Carbonate Tailings are to receive radon cover to
,

following the placement of the relocated tailings. A protocol for evaluation of

the final cover over the north portion of the impoundment has been submitted in

ARCO's Final Radon Barrier Design, ARCO Bluewater Mill Main Tailings Report dated

December 1993. This area is to be reevaluated and the final radon cover depth

placed.

!
!

1.3 Radon Barrier Design ;

Disposal Area #2 and Disposal Area #3 are within the boundary of the Carbonate

Tailings. Each of the Disposal Areas have received a significant amount of debris

and soil during the decommissioning of the Bluewater Mill Tailings and processI 2residues will be covered to attenuate radon to less than 20 pCi/m /s. Cover

thickness calculation were completed using the computer RAECOM model utilizing the !

I revised parameters contained in our December 1993 Final Radon Barrier Design Report

and to account for the interstitial soils placed in the debris layers. The complete ;

analysis is included in Appendix A of this report.-

1.3.1 Disposal Area #2

Disposal Area #2 in the Reclamation Plan was divided into two major

sections, the Carbonate Tailings South (Asbestos Disposal Area) and the

Northern Area. The asbestos disposal area is geographically distinct from

the remainder of the area in that it resides in a basalt depression as shown

on Figure 1.1. The remainder of the disposal area is on the surface of theI >

former Carbonate Tailings.

I
.,

I
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Carbonate Tailings South - Asbestos Disnosal Area

This area has been reclaimed in accordance with the ARCO Reclamation

Plan as amended by ARCO's May 9,1991 request for license amendment.

Approximately 7-feet of asbestos contaminated debris and

interstitial fill was placed, followed by 12-feet of radon barrier.
'

A soil / rock matrix is in place on the surface with rip-rap and filter

on all 5:1 slopes. Drainage out of the basin is provided by a

spillway cut through the adjacent basalt.

(- Djsposal Area #2 - Northern Area

( The northern area of Disposal Area #2 received two lifts of debris

and soil, with depths of 5-feet and 2-feet respectively. Each lift

{ of debris with interstitial soil has been covered with a 2-foot

layer of engineered fill. i

The RAECOM model for cover thickness requirement .a this area was

modified to include the two lifts of soil / debris and engineered fill

on the disposal area. Input for the model is derived from

parameters prepared by Rogers and Associates, the Roy F. Weston

Report for ARCO's Reclamation Plan and ARCO's Final Radon Barrier

Design Report, December 1993. A profile of current conditions is

b shown on Figure 1.4. The calculated model show that no additional
2cover is required in this area to meet the 20pCi/m /s radon flux.

1.3.2 Disposal Area #3

During decommissioning Disposal Area #3 received a 5-foot lift of debris

and interstitial soil. A 2-feet layer of engineered fill has been placed

over the debris / soil lift.

The RAECOM model input for cover thickness requirements was modified to

include the lift of soil and debris material placed on the disposal area.

3
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:

b
h;put for the model is derived from parameters prepared by Rogers and

Associates and Weston for ARCO's Reclamation Plan and Decommissioning

Plan. A crofile of current conditions is shown on Figure 1.5 The cover

requirement as calculated by the RAECOM model for Disposal Area #3 is 2.4-

feet.

Drawing 1.3 shows the modified surface configuration for the Carbonate

Tailings which take into account the modified cover requirements.

1.4 Ero.sion Protection

Erosion protection requirements for the Carbonate Tailings have been reevaluated

using the new boundary and adjusted topographic surface. The erosion parameters

{ are the same as those contained in ARCO's Reclamation Plan.
,

1.4.1 Ilydrology

Surface configuration design of the Carbonate Tailings provides for

drainage from the center of the Tai!ings to the exterior edges in all

directions. The area defined as the northeast quadrant has the largest area

relative to the hydraulic length and thus becomes the critical design area.

Hydraulic modeling was completed using the Corp. of Engineers HEC-1

computer program and the natural channels computer program which employs

the Manning equation. Maximum discharge was calculated using the PMF event

as previously determined in ARCO's Reclamation Plan.

The calculated maximum unit discharge for the northeast quadrant is 0.57-

cfs. Peak surface velocity has been calculated at 2.15-feet /second. The

{ maximum calculated velocity on the 5:1 slope is 4.FA feet /second.

1.4.2 Erosion Protection

Consistent with the rock sizing methods in ARCO's Reclamation Plan, the

4
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__ __ _ - _ - _ __ -__. . . . .

. .

[1
Corp. of Engineers Method was oed to size rock covers for the newly

{ designed surface of the Carbonate Tailings. Erosion protection will

consist of a 50/50 mixture soil / rock matrix over the entire surface. A

d =1% inch rock will be used in the soil / rock matrix. Slope cover50

protection has not required any change to the rock size and filter proposed

in the 1990 Reclamation Plan. Calculations for rock selection on the top

surface soil / rock matrix and verifications of the slope rock sizing are"

shown in Appendix A.
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2.0 SOUTH BENCH - PLACEMENT OF RADON BARRIER AT TOE OF

SOUTH DIKE MAIN TAILINGS IMPOUNDMENT

p 2.1 Introduction

The area south of the Main Tailings Impoundment at the toe of the 5:1 slope between

Station 113+00 and Station 123+00 has been determined to contain tailings

materials. Figure 2.1 provides a plan view of this area showing the extent of the

tailings material. The tailings material found varies in thickness from several

( feet to over seventeen feet in depth. ARCO proposes to cover these areas with an

approximately 3.4-feet of radon barrier, a depth similar to that designed for the

Main Tailings Impoundment embankments in the original 1990 Reclamation Plan.

|

| 2.2 Radon Barrier

RAECOM models indicate that 1.2-feet of cover is the maximum cover this area,

!

requires to attenuate radon levels to NRC criteria. A depth of 3.4-feet has been

placed over this tailings material which is consistent with the radon cover on the

adjacent Main Tailings Impoundment embankment slopes. The log hole information for

the south bench area and the RAECOM calculations for this area are attached in

Appendix B. Radium concentrations used in the design of the cover were determined

from field samples collected at several locations within the area. The physical

properties of the tailings are similar to those found in the Old Acid Tailings. In J

addition, early aerial photographs indicate that deposits were made during the same

period as the Old Acid Tailings. RAECOM calculations use the physical

characteristics of the Old Acid Tailings with the measured radium concentrations of i

field samples taken. Figure 2.2 shows the complete design configuration of the

South Bench. A typical cross section of the proposed South Bench is shown in Figure )

2.3.

2.3 Erosion Protection 1

|- The top surface of the South Bench has been designed to meet stable slope criteria.

| The stable slope calculation is included in Appendix B with this report. Following

f
;

6
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I i

final grading the surface will receive 12 inches of topsoil and be seeded with the |

~

mixture contained in the ARCO Reclamation Plan. Universal Soil Loss Equation

, (USLE) calculations were completed on the top surface and are also included in this |
'

; report. These USLE calculations show that 2.3 inches of material will be eroded

during the 1000 year design life. A 5-foot wide apron, consisting of d30 =2 % inch
'- rock, will be constructed at the base of the Main Tailings Impoundment embankment

to dissipate hydraulic energy from slope runoff. The 5:1 slopes around the edges of

the South Bench will be protected with the same 6 inch depth of d a= % inch filter3

rock and d a=2% inch rock which will be placed on the Main Tailings Impoundment3

embankments. A 5 foot wide rock apron will be placed at the base of the 5:1 slopes

; to mitigate head cutting into the slope.
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[
3.0 SLOPE DESIGN MODIFICATION -

[; NORTIIEAST MAIN TAILINGS IMPOUNDMENT

3.1 Introduction

ARCO proposes to modify the Main Tailings Impoundment slope design contained in the

1990 Reclamation Plan between stations 75 +00 and 86+00. (Figure 3.1) The 30 inch El

Paso Natural Gas pipeline is to be relocated away from the present toe of the Main

Tailings Impoundment at this location. The slope along the El Paso Natural Gas

pipeline will be a cut and fill operation and extend over the former location of the

b El Paso right-of-way.

( 3.2 Slope Design

{ The slope will be modified from the 1990 Reclamation Plan to reduce the quantity of

material excavated due to removal of the gas pipeline as shown on Figure 3.2, With

{ no constraint on the slope toe from the El Paso right-of-way less cut is required to

construct the reduced slope. The reclaimed slope geometry will remain 5 horizontal

to 1 vertical. The slope geotechnical stability will be enhanced because of less

cut into the tailings impoundment and will be similar to that of the Main Tailings

slopes with cut / fill type constmetion. Slope geotechnical analysis of this area

completed 'or the 1990 Reclamation Plan indicates the slope is stable under static

and pseudo- static conditions.

3.3 Construction

Removal of material at the upper portion of the slope will consist of sand tailings

[ and embankment soil. This material will be excavated and placed onto the Acid
'Tailings Impoundment and compacted to 95% of Maximum Dry Density (MDD) in

{ compliance with Reclamation Plan specifications. The fill material at the slope

toe will be soils obtained from the borrow site or the evaporation pond dikes, and

compacted to 95% MDD. Radon barrier is to be constructed over the tailings exposed

by excavation. The depth of radon barrier is to be 1.4 feet which meets

specifications for the sand tailings proposed in ARCO's Final Radon Barrier Design

"
[
-

'
' '

- - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ -
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,

Report - December 1993. Figure 3.2 shows detail of the slope construction.

r

|

|

\ |
3.4 Erosion Protection

l

The slope will be protected by a rock cover similar to the slope spillway areas of |
k the Main Tailings Impoundment. A 6 inch deep filter consisting of dso=l/2 inch rock

will be placed over the raden barrier. A 12 inch deep rip-rap cover will be

constructed over the tilter with d a=5-inch rock. A protective apron of the same3

! slope rock protection will be extended 10 feet at the toe of the slope and ten feet

at the crest.
.
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4.0 ROCK SPECIFICATIONS - QUARRY AND SCORING CRITERIA

4.1 Introduction

The source of rock to be used for erosion protection at the Bluewater Mill has been

changed from an onsite quarry to a quarry located approximately three miles east of

the site on property owned by Homestake Mining Company.I
ARCO is requesting that the rock material specifications be based on the Nuclear

Regulatory Commission (NRC) total scoring criteria rather than individual hardness

characteristic test results. This scoring criteria is to be applied to all rock

products regardless of quarry location.

ARCO is also clarifying specifications for quality control of the soil / rock matrix

to be used for erosion protection on the Main Tailings and the Carbonate Tailings

Impoundments.

4.2 Rock Quarry

The new rock quarry is a high quality igneous rock from a local basalt flow. TheI preliminary inplace testing indicates the rock possesses the same properties as

those of the ARCO proposed quarry as previously submitted in the Reclamation Plan.

The averages for rock quality scoring from the new quarry site are shown on Table

4.1.

Rock testing from the new quarry indicates that from about 5 feet below the surface

an overall score of greater than 80 can be met, which is more than adequate for the

Bluewater Mill erosion protection products. |

I i
4.3 Specifications

I Rock to be used for erosion protection must meet a minimum overall score of 65 for

the d o=1.5 inch, and d o=2.0 inch products. The minimum score for the d o=5 inch rock
3 3 3

shall be 66 and a minimum score of 72 for the d =2.5 inch rock products. All$
50

1

'

10
'

I



I
scoring will be derived in accordance with the Nuclear Regulatory Commission Final

~

Staff Technical Position, Design of Erosion Protection Covers for Stabilization of
i Uranium Mill Tailings Sites, August 1990. The test series will consist of Specific

Gravity, Absorption, L. A. Abrasion (100 revolutions), Na2SO Soundness and Tensile4

i Strength to determine the scoring of the erosion protection rock.
:
;

; Table 4.2 describes the erosion protection rock size and minimum scoring for the
!gE respective reclaimed areas. Rock sizing calculations and gradations for each

,
reclaimed area are shown in Appendix B to the 1990 Reclamation Plan and subsequent

} amendments. The test series indicated above and gradation tests shall be performed

on the material at the crusher. For each gradation specified, tests will be made at

j 10,000 cy intervals or at a minimum of three times during production. The initial

test shall be made prior to transportation of any material from the crusher. Where

| the quantity of a specific size material to be produced is less than 10,000 cy, one

test series shall be completed at the beginning, approximately half-way through the

run and one near the end.

;

4.4 Soil Rock Matrix Specifications

; The soil / rock matrix is to be placed onto the top surface of the Main Tailings

Impoundment and the Carbonate Tailings Impoundment as described in ARCO's approved

Reclamation Plan. The following criteria and sequence will be utilized to evaluate

the construction of the soil rock matrix.

1. Place rock onto the radon barrier surface at about two times (2x) the rock

d-50

2. Rock shall be visually inspected during placement for unifonnity and proper

gradation. Areas which indicate segregation shall be reworked to comply

with specification requirements. Random gradation tests will be conducted

to verify visual appraisals.

3. Place soil over rock at approximately four to six inches in depth.

I
11

I
- - - .
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1
1

4. Mix soil and rock by use of scarification equipment (example: disc or
;

; closely spaced small rippers). The scarification is to be in three

directions; one 90 to the other and the third pass is to be at 45" and )
bisect the first two passes. Care will be taken to prevent disruption of |

the underlying radon barrier.
,

5. Soil and rock will be roller packed with a minimum of three passes to 1

consolidate the soil and rock bed.

.

6. The soil rock matrix will be field tested for depth by use of the grid
'

described in the approved Reclamation Plan Measurements of rock, and soil

depths will be made from test holes. One depth test hole will be taken for

every 200,000 square feet.

7. Revegetation of the top surface soil / rock matrix will be performed

following the procedures contained in the approved 1990 Reclamation Plan.

I
I !

I ;

I

|I i
|
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TABLE 4.1

ROCK QUALITY SCORING
IlOMESTAKE'S MALPAIS BASALT QUARRY SITE (NE 1/4,28/T12N/R10W)

!

Sample Rock Type Weighting Factor (WF)/ Test Value (TV) / Score for:

Numbeit1 = igneous)
Specific Gravity Absorpnon Sulfate Smndness LA Abraskm Schmidt flammeTensi'e Strength

c /cc 11 % Loss *e Loss S R.H osi

Averages For All Tested Samples

Numbers of Samples tested = 21.(O 21 (U 21.(W) 9.fX) 3.00 12,0)

TV= 2.65 I.84 0.93 38.40 52.40 1I i 1.(X)

Score - 8.06 3 48 9.83 0.00 6.70 8.52

Rating = 72.51 6.97 108.16 0.00 20.20 85.20 Rock Source Composite Rating, %.

Uung All

Maximum possible raung (MPR)= 90.00 20.00 110.0 10.00 30.0) 100.00 Rock From O' to 30' =

Rating in % MPR= 80.56 34.83 98.33 0.0; 67.21 85.20 81.4

Averages For All Samples Below liighly Vesicular Zone (O'-5')

Numbers of Samples tested = 17.00 17.00 17.00 9 00 3,00 12.00

TV= 2.71 1.67 0.90 38.40 52.40 1111.00

Score = 9.28 3.87 9.82 0.00 6.70 8.52

Ranng= 83.50 7.74 107.98 0.00 20.20 85.20 Rock Source Composite Rating. %,

Using Only

Maximum possible rating (MPR)= 90.00 20.00 110.00 10.00 30.00 100.00 Rock From 5' to 30' =

Rating in % MPR= 92.78 38.68 98.17 0.00 67.21 85.20 84.6

i

i

w
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TABLE 4.2

EROSION PROTECTION ROCK SCORE

Rock Size d., Minimum Quality Score *2

Main Tailings hiinimum Reclamation Plan

Design *'

Top Surface (North) 0.5" 1.5 " 65

Top Surface (South) 0.5 " 2.0" 65

Slopes 2.0" 2.5" 65

Spillway 4.3 " 5.0" 66

Carbonate Tailings

Top Surface .05" 1.5" 65

: Slopes 2.3" 2.5" 72 -

Acid Tailings
,

Slopes 0.5" l.5" 65

Stockpile -

Slopes 0.5" 1.5" 65

* Corp. of Engineers hiethod for Top Surface, Stephenson hiethod for Slopes

2* h1 nimum 65 score is required for critical areas, NRC 1990

, _ - - _ . , - _ - _ _ _
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE Jr 13-2

' O 0.4
.. ... .

COVER MATERIAL
0.7 j!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!! TAILINGS

3

1.0 NATIVE Soll
2

MALPAIS

3

4

5

6

'
|

0

9

|

I
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 14-2
i

AILINGS0 ggg
1.0 w 2 dlS NATIVE SOIL

1 ::: : : ::::: ::.::
:s:::ipf:::::9.fii MALPAIS

.

2

3

4

l5

|
6

7

8
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POTl10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 17-2

0 0.2 COVER MATERIAL
0.5 ** TAILINGS

MALPAIS
1

2

3

4
.

5

6

7

8

9

,
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POTHOLE LOG | CARBONATE TAILINGS BOUNDARY INVESTIGAT1014

DEFTH SYMBOL DESCRIPTION HOLE # 19-R

0 0.2 COVER MATERIAL
0.2 TAILINGS

,

1 21 NATIVE SOILS

2

3 MALPAIS

4

5

6

7

0

9

.
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CARBONATE TAILINGS BOUNDARY INVESTIGATIONPOTHOLE LOG

DEFrTH SYMBOL DESCRIPTION HOLE # 22-2

COVER MATERIAL0 .04
.07 d)$$hhh WWGS

1

NATIVE Goll
2 2.0

3
MALPAIS

4

5

6

7

8

9
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 23-2

0 0.4 """""" TAILINGS
!!!TiOJrf

1
m !' #

1.5 !:::it ! ' . : 1:E NATIVE Soll
!b:bi!2
;:p;::.;q :q :g;:::::;:: MALPAIS:

3

4

5

6

7

8

9
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 24-2

0 0.4 ummmmmmmma TAILINGS

l(ipplJyyII:fi@i[[f@$l 1.5 NATIVE Soll
,!g$4;;M94Y.)i| i;i?Mi .
j -1

d62
fijijiiijillitjf[i||fj!!![+ MALPAIS
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4.

5

6

7
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGAll0N

DEPTH SYMBOL DESCRIPTION HOLE # 28-2

0 0.4 - COVER MATERIAL
0.7 TAILINGS

1 em o m
14 Nl[-NlNIh NATIVE Soll

2 num m
.|| MALPAISj .-

4

5

6

7

8
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POTl10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 29-2

0 0.4 Wh!%idis COVER MATERIAL
m rmeeu TRACE TAILINGS
m r n : .rg{

1.0 !1|::1. !.1 :.' ViHNATIVE Soll
I ' L ). - ; i i'i

FU Li i in
1 :n L T ; ' !n
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!!!!!!!:!!i!!!!L!!!.!!:i!!!!!!MALPAIS
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POTl10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 30-2

0 .w.........
u m *. n n :t:

e. ...s :M..... w, . . . .. .

R+::.;;::::: ':::2 COVER MATERIAL1.0
t....'..*..'.t.~; c.. . . . . . .
. . . ......

3
* .'.'.'.*.*.'.*{
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION
l t
i

i DEPTH SYMBOL DESCRIPTION HOLE # 32-2
|-
|

0 . .gM;Orijp TRACE TAILINGS ON SURFACE
fi g ;r:. :1 cn ... ; st:rnsu. ::::a4-re ;.2:::

a.A:. 4 ne
s+

ta... :: :: c.e.g'ig+; ; !$pNATIVE Soll
v.... . . .< z.

1 2.0
i .;;,sp*; p ;*'

| (+* . *4 Tk * . ? . * . * $ * sf I

h*s' d *.*'.*.'s* ?
i

'

v; . . :.u ee

ey(.::. . : vr- P.*!*..*1'Uff|*kbC:*!*i*i*;**fe |

I ?.f f ff.'I'7.:.* ? II.,N.;.:.:.:'I
.:...:... ...... .

J
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRINION HOLE # 36-2

0
0.4 COVER MATERIAL
0.2 !! mitis wm TAILINGS,

1

2.5 NATIVE Soll

2-

3
1

MALPAIS

4

|
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POT 110LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE ft 30-2

0 COVER MATERIAL0.3

0.5 gg!!!!!!! TAILINGS

1

.

2.0 NATIVE S0ll

2

i
cr!

MALPAIS

4

.
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 39-2

0 COVER MATERIAL0.3
0.3 @ cil!M TAILINGS

NATIVE Soll
1

1.0

! MALPAIS

2
|

3

|
4 l

l

|
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POTHOLE LOG ] CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH 1YMBOL DESCR:FTION HOLE lt 43-2

0 COVER MATERIAL0.4
NTAILINGS - TRACE ATOP ROCK

MALPAIS

1

2

3

4

!

!
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 45-2

0 .
a.

' . : ...i. .[f {-[..
;. ._....

'; ). %. ..-

1.0 ' [.| COVER MATERIAL
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3

4
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POTilOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEIUll SYMBOL DESCRIPTION HOLE #f 49-2 R -
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4.1 ? || ; COVER MATERIAL
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 50-2
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTil SYMBOL DESCRIPTION fiOLE # 54-2

0 .:.n:n5en.I;.:!i!:)1:it
-

1jl*.*L*.*it;f;ff
1.y;J.?.*;*;*;*t-*.j 12.7.*.*.*c.?;;;'
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:::::::::::::pf COVER MATERIAL
2 4.0 **** *-
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3 ". ' . ' . * |. . - |. - |. . *..

.

. . . . . . . . .-
,,'._'.. ...'. . , .. .' * *
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION
i
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DEPTH SYMBOL DESCRIPTION HOLE # 56-2-

| 0 ,,

h...wd. i:arsgit:;.|' ifsj
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M j aan
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 59-R
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DEPTH SYMBOL DESCRIPTION HOLE # S0-R
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 62-2
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 64-2
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # G7-2
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DEPTH SYMBOL DESCRIPTION HOLE li 68-2
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 74-2
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POTl10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 75-2
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 76-2
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 03-2

'f;k |.: COVER MATERIALI1.0
l U.2

~~' ~"

TAILINGS

MALPAIS
2

3

4

5

6

7

0

9

.

!
- .| . I

.

.



.-. .. . . . ._-. -- .. .... .- . .- .-. . .

" " E M M M M M M mmm a e a g g ,

POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGAll0N

DEPTH SYMBOL DESCRIPTION HOLE #f 8st-2
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n!pT;;ggjg|[w:en:t;gCOVER MATERIAL1.5

i

: ....J:.i . . . i . : . :. :. TAILINGS [ TRACE) 1
2 .: = : : :.: : MALPAis

3

4

5

6

7

8

9
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTil SYMBOL DESCRIPTION HOLE # 85-2

1.0 COVER MATERIAL

MALPAIS

2

3

4

5

6

7

8

9

.
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGAll0N

DEFTH SYMBOL DESCRIPTION HOLE #f 86-2 >

0 g;g;;;g gg
c:... n c. .

1 2.0 is:lt;RI!?E COVER MATERIAL

0.1
W... . . ; e.w: .-

-
.

...c..-
TAILINGS2

!T lfL!T NATIVE Soll

3

4
.

5

6

7
-

0

9

;

|

|

- - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ - _ _ - _ _ . _ - _ _ _ _ - _ . - _ _ _ - - - - _ - _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ .
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POT 110LE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEFTH SYMBOL DESCRIPTION HOLE # 87 -2

1.0 COVER MATERIAL

* TAILINGS1.0
2

'!::'.':5!!!:!!- NATIVE S0ll
{1.0 --

3
IMEidIl[!$$lII[f] MALPAIS |

4 I
. i

I
I

5

G

I
\

8
,

l
1

9 |

\ |
|

I

|

|

-

_

_-m___ __ m__ _ - _. _ -)
-
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEFTH SYMBOL DESCRIPTION HOLE # 109-2

0 ... ... .
:::::::::

1.0 :j::::::::::::::: COVER MATERIAL
.........:.s. .. . .. o s

. j .q..9q

MALPAIS

2

3

4

5

.

e

-.mm_-_ ___-.._m____-__-.__m. _ _ _ _ _ . _ _ - _ . . _ _ _ _ . _ _ . . - - - _ _ _ _ ----as_ _ _ _ _ _ _ - _ _ _ _ . _ . - _a . _ *w_ e = w- - ~ w w v i- -"'N W W '-9"-" % 'T- "-

m
-
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POTil0LE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE ft 110-2
9

l r

0.3 .
TAILINGS

2
- k MALPAIS

3

4

5

6

7

8

9

. _ _ _ - _ _ - . _ _- -- _. ._ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 111-2

0

1.0 COVER MATERIAL

1 0.3 TAILWGS

MALPAIS
2

:

3

4

5

+
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEFTl1 SYMBOL DESCRIPTION HOLE # 115-2

0 .,;g4;g;4;gr;;
::: t a e m r

E!!id!!!:[jjjg COVER MATERIAL1.2 !
|t 4i:OH:i:l!

1 ro>x

0.5 jj!!!||||!"}s!!!!!! TAILINGS

MALPAIS
2

3

4.

5

e
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION
:

DEFTH SYMBOL DESCRIPTION HOLE # 117-2

0 .........
............ . . . . . . ..
. . . . . . . . .-
.::.::.:.:.::.: COVER MATERIAL

1.5 ...... . . . . . .-
. ..

1 ...-:::-:-::'~'

. . . ... . ... ..... .. .
'''' ''

TRACE TAILINGS
MALPAIS

3

4

.

5
'

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . .- . .. . . . -
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l POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 121-2

0 ;gy;g;;;443p

|h*ra. x:t
u

. . v 0:Hi: COVER MATERIAL1.0
t.E. k.$. :

3
.

4.:..!!.!'. /

TRACE TAILINGS )..

::::::: : ::: ::::
::::. .:: . : . . .:: 7 . . MALPAIS

--

.

I
1

'2
!

3

4

5

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ - _ . ..
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POTil0LE LOG - CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 123-2

*********
. . . . . . . . . .
.......t
*********
.........

* * * * * * * *i*,. . . . . . . -
*********

............ . . . .. ..
3 2.0 ;;*.::::::*.::::: COVER MATERIAL

. .

, ,

.......;.
;*.* *.*.*.*.*.*v... . , . , . . . . . . ,
. ..

+ . . . . . . t'
********

c... ...cg .

TRACE TAILINGS
MALPAIS

3

4

5

_
.. . ..

_ - _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ . _ - _ _ _ - _ _ _ _ -
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRINION HOLE 11 124-2

0

hhhfh COVER MATERIAL0.5

3;!;i!!!!Bu!!!!!!!T||TAlLINGS0.s,

$|||||h MALPAIS

2

3

4

5

_ _ _ _
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POTil0LE LOG CARDONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 125-2|

0 ,
- ._: . ..

.

1;ipM-
,,

,
,

:L a COVER MATERIAL' '

1.0 ,

UHWH!yli!!(1j

!!!!!!!! !!!! TAILINGS1.0
:1!!!!.
e

. !
2 -<

,

gi;i;;mgik:g!:3iij MALPAIS

3

l

5

- !

. _ _ _ - _ _ - _ - -- - - _ . . _- _ - - _ - - _ _ _ - _ _ _ _ _ - - _ - - - _ - _ .-
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 127-2

0 .........-

. . . . . . . . .:

. . . . . . . . . -

. . . . . . . ~ . . -

. . . . . ~ . . . . . '....~.....-'

l.

::::.:.:..:..:..:
-

1
...... .

...... .. . . . ... .. ._. . . .._... ._.._._._.. . ....

2 4.0 ::::::::::::::::: COVER MATERIAL .'
,

.........

.........

... .....

. . . . . . . . . -

.........- .i. . . . . . . . . '3 O:O.:O:'

....~.....

....~.....
.. . . .~. . ...........
. . . . . . . . . -g

0.2 " " * " " * ' TA! LINGS
MALPAIS

5

:

, . .

L .
. -
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POT 110LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEmil SYMBOL DESCRIPTION HOLE 11 128-2

0 - - ~ -

0.G COVER MATERIAL

assmen:qggdjgg MALPAIS1

|

2

3

4

5



.. .. . .. . . . -. . .. .. .

POTl10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGKil0N

DEPTH SYMBOL DESCRIPTION HOLE # 129-2

0.5 I!!dN!hhi~ ~- COVER MATERIALwig e.a
0.2 TAILINGS. . ... . ; ; ;. . ;.; ;.; ...

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

1 i:i!!!!:i|i:!Ii!!~i?!|i:i!!:i!!MALPAIS

2

3

4

5

- - _ _ _ ._ _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ - _ - _ - _ . -__- _ .
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1
POTil0LE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE # 130 -2

0 -

1.2 5 ; COVER MATERIAL
1 :/ j; TRACE TAILINGS

$ MALPAIS
2 - - -

-

3

A

5

6

7

8

9

-

,
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POTI-10LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 132-2

0 ;.;g;g;;g;,
I ... ......... ....

1.0 i:::::::::::::::j: COVER MATERIAL
'

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

1 0.2 ' ' ' 'ES TAILINGS
''

MALPAIS

2

3

4

5

- _ _ _ _ _ _ _ _ _ _ - -
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POTil0LE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE 11134 -2

COVER MATERIAL1 2.0 L 'yjig,

UI2
1.0 TAILINGS

T ':i3 '

MALPAIS: -;

4

5

6

7

8

9

_ _ _ - _ _ _ - _ _ _ _ - - _ _ - _ - - _ _ - - - _ _ _ - _ - _ - _ - - - _ _ - _ _ _ - _ - _ - -_
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POT 110LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPfl0N HOLE lt 135-2

44
'

(j%|
:| COVER MATERIAL1.0 o.an e

1 l- -N TRACE TAILINGS
-Mj MALPAIS

2

3

4

5
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.

POTil0LE LOG CARDONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 136-2

0 ygg ggjpg
h r : t : a.<

2
-

g: ._,.a- -
,

1.5 1 Li?!d COVER MATERIAL
1 wadu

c ;i::: a .:1?<

, .e,

"}:? I! h k i

MALPAIS
2 -

, |

:

.

3
1
I

4

5

|
1

- _ . . . . - . . - _ _ _ _ _ _ _ _ _ _ _
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGAll0N

DEPTH SYMBOL DESCRifrHON HOLE # 210-2

0 . , . . . . - . . . . . .

ucceaan.. -
I!pracece ?**a*.*;iL*$*ik*
+-

vue. . v- e >.

i;9:':r.k:.::.y: COVER MATERIAL
1 2.0 u... ....

. ..... ...-
e. c. . . . . . . . . ........v..

.....
;

.. ..

: ... . . . . .t.+:- . . . .r..n. .p ...... .

0.4 M TAILINGS
..... ..... . ....

!si?!L:!-!!!!?!!!:!?! MALPAIS

3

4

1

|

5

\
l

{

-_m. _ _ _ _ _ _ _ . _ _ _ _ _
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i

POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION
._

,

DEPTH SYMBOL DESCRIPTION HOLE # 235

0 . -

.. TRACE OF TAILINGS i

f1.0 $ COVER MATERIAL
jgsjhjg0.5 NATIVE Soll

2 !!!!!!!.!!.!!!!!!!.!!!!.!!!!!!!!!!!!!!MALPAIS:q: .: .: ::. +:+-

3

4

5
|

G

7

8

9

l

-- - - - _ - - - - - - - - - - - - - - - -
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1

PC rdLdLOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 237

0 :. . . . . . .:.u.v.*.. . em.

. . . . .. .r. ..

*
.

1
.. ?. . . . * v. :. .-

. .

... . . . . . . .-.

4.0 ;::{:{::.:i:{:{;{j COVER MATERIAL2 , .........r.. .. .. . . ,.,...
.. .. ...........

3 .:.: :.:.:4.: :.:
...,......
.........

g ....~.....;
.

. .

.. - . .10 '- '. ... TAILINGS
g

G 2.0 NATIVE S0ll

7
MALPAIS

0

9

- _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ __ -.
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POTl10LE LOG CARBONATF ml 'NGS BOUNDARY INVESTIGATION
..

DEPTH SYMBOL DESCRIPTION HOLE # 238

1.5 COVER MATERIAL

::s:::::::::::::::i:::::::::::::::TRACE TAILINGS
|
- 2 :;::::::::::::::::::::::::::::a.:::.:':

::::r.::: :.: :::.:::. ::::: : MALPAIS.

3

4

5

6

7
;

8

9

_ - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE lt 239

0
%D:*: Git p:h >. ~ . : m .

18I 1 {{{!{:{:{:{|{!!!{! COVER MATERIAL

fill:]:3:}:l:l:}!i._ - TRACE TAIllNGS
2 0.3 y; 7.- T M '- NATIVE S0ll

4
-

~ ~'

MALPAIS
-

3
|
| 4

5

6

7

8
3
J

s9

_ _ _ - ____ __-_ -___ ____ - -- _----- - - - - - - - - -
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POTilOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE 11 240

0 . . .

1 1.0 - COVER MATERIAL

nam
.

022 TAILINGS
MALPAIS

3

4

5

6

7

8

9

.

m_.__... .__-.. ____ _.__._..__ _.__._ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ . _ . _
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEFTH SYMBOL DESCRIMION HOLE # 241

| o .........

!N|||!!!!!NNhCOVER MATERIAL WITH TRACE TAILINGS
' 1.0

1 0.2 $5@!In$6 NATIVE Soll
.?i:p;:ii:!i::pini!!::: MALPAIS

-

2

| 3

4

5

6

7

8

9

- - _ - _ _ _ _ _ _ _ _ _ _ _ - _ .
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POTil0LE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 242

|$$ *flfles:gi!!i-!IIlI COVER MATERIAL
3.0 4it!. p -t 4 a

'

. . ; i -::

2 rt -t .,g: u -,..

s!h:$!!$1!!!?! $
mimt3

0.7
'

TAILINGS
4

1.5 : NATIVE Soll
5 .t;

MALPAIS
G

7

0

9

--
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION HOLE # 243

0
11:t!!M.:M ui!
!!!!::E'.!III!!!! COVER MATERIAL

1 2.0 .:. .:. ; . . . .- -

s=. w... w.

::::0?:E-

2 ----- - -

0.4 : -' TAILINGS
0.2 NATIVE Soll

3 MALPAIS

4

5

6

7

8

9

- - - , _- - - - - - - - _ - - _ _ . _ - _ _ _ - _ _ _ _ - _ _ _ - - _ _ _ . .
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POTI-IOLE LOG . CARBONATE TAILS BOUNDARY INVESTIGATION INFO

SYMBOL-|DESCRIPTION HOLE # 244DEFITH

0
I

COVER MATERIAL
1 2.0

2 0.3 CIAY
* TAILING SANDS0.5

3 ' : :n unn NATIVE SOILS0.3' -

4
MALPAIS

5

6

7

8

~

9

i

___ _ __ - - _ - _ - . - .- -
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESYlGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE # 246

0 ;gggqqg
1.5 ME;-1; NATIVE S0lLS

|%!1 |O itet!

MALPAIS2

3

4

5

6

7

8

-

9

!

i
,

O

%

- . _ __ _ _ . __ . _ _ _ _ _ _ _ _ __ _ _ - -____&
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE # 247

0

[%@rMcd,3
- -

m-

!U : Mi
1

,

3.5 ['/
. 3$

[{ COVER MATERIAL
2 ;;;y ,,. , , , , ,

* t stn

am
3

.#g , , c o ,

: Mo oo o .

ao ; g g g,w

TAILING SANDS0.5 in '

4-
! E SL! MALPAIS

m# = #ig

G

7

0
.

.

_ ___ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE tt 240

0
ppgp y; y
o 2sm

1 : - d;.4
:. '+". ,

. :
; ' M;:;
s;:r; ys:.-n

2 4.0 m c:V i COVER MATERIAL
Id@|45ix$

3 Ed!!!|!!|0|:3
'

E6 |N6?
!RN;sided4

0.5 ....2|E.a :!!!!!L TAILING SANDS
, R|3|L

~

5 i. wp : u
a, Lir & C

MALPAIS
G

7

8

9

_ _____ - - _ _ _ _ _ _ _ _ _
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POTHOLE LOG CARBONATE TAILINGS BOUNDARY INVESTIGATION

DEPTH SYMBOL DESCRIPTION IIOLE # 249
|

0
!!!!!!!I!!!!N..g;!
;r. . n.ni -

COVER MATERIAL
!$1 2.0 Hs!D111t:!!1

~in;cd.ead-

* * ' ' ' ' . . w h,t ...

'''1 2'

O.6 . TAILINGS SANDS-

. . ... . . . . ..

*''** "''''' *^**
, . , ' ,

. .... . . ..

MALPAIS

4

5

6

7 i

8

9

i
,

i

!
!

'

1
_. _ _ _ _ _ _ _ _ _ _ _ - __ w
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVd' STIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLEtt250

0 saiinmisiiin
- -

i ;i s ; o :. '- ,

1.5 :- - ' -- COVER MATERIAL. .

I ||b||,,,|b|i
0.3 Nr"~itir~^ TAILING SANDS

2 ---

.::::::::::::::.
20 ::::::::::::::::

3 !!!!!!!!!!!!!!!! NATIVE SOILS
::::::::::::::::
:.;;;; :::::::::

4
M|.'f:+ i.!:! '!.5j!$MMALPAIS
i!;

5

6

7

8

9

-
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEFTH SYMBOL DESCRIPTION HOLE # 251

0
, 0.6 []jM [j COVER MATERIAL -

| 0.3
' ' ' -

'

~~~

TAILING SANDS
'

' '
!!!!!!!!!!E!!:! NATIVE SOILS1.1

kh|| MALPAIS
3

A

5

6
.

| 7

8

9

-
- _ - - _ - _ _ ---__ -_ ___ __-_ _.
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INiTO

SYMBOL |DEPTH DESCRIPTION HOLE 11 253

=_Jo

1 I

2
5.0 CLAY- STOPPED DIGGING @ 5.0' DUE TO

3 EXTREME DENSITY

4

5
~

G

7

8

9
.

I
|

|

%. ... .i. _ - . - _ - - . - - - - _ _ _ - - - - -
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POT 110LE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH | SYMBOL |DESCRIPTION HOLE # 254

o :. m..... .
. ..

u u::- ...

{{{'{{[{{
- COVER MATERIAL1 2.0

, . w . .:
[ . .;. . .

2 ..:.:.:.:......
1.0 - !!!!!!!!!!!!!!!! NATIVE SolLS

""""'""3
MALPAIS

5

6

7

8

9
_

!

. = . - - -- -- _ _ - --
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE # 255-

0 ;i|ili3!i359:

l 1.0
1

. .=. ~ COVER MATERIAL
-

:-
'

.. m
0.3 $$ , TAILING SANDS

; :::::.:::.:::::.
| 2 1.5 'jjjjj:jjjijjjjj!. NATIVE SOILS, .. .............

| ::::::::::::::::
3

!"!!$isig;[ii!;|j MALPAIS
-- :m

4

5 !

6
i

7

0
I
l

9 I
f,

!

_ _ _ _ _ . -__..__-______:-_-___-.__n__ s___..
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

DEPTH SYMBOL DESCRIPTION HOLE # 256

0 nmemmw
' :g;__7 - -

7 _

hh ;g|| NATIVE SOILS1- 2.0 [;

. - a
Y' "

|2 .5
liin
!sii

.

3 |
-

MALPAIS

!

4

5

6

7

8 I

9

|
1

|

I

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . _ . . _ _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ _. _ _ _ . . _ _ _
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POTHOLE LOG CARBONATE TAILS BOUNDARY INVESTIGATION INFO

SYMBOL |DESCRIPTION HOLE # 257
DEPTH

0
-

_ _ _ _ _ _

-

__

_

1 2. 0 """"~""" LOOSE COVER MATERIAL

2 . TRACE TAILINGS
1.0 HARD CLAY- BACKHOE REFUSED

3

4
.

5

6

-

7
.

8

9

|

,

----- - - - - _ _ _ _ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _.
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ANDERSON Enginsering Company,Inc.

[. .- Roy, Utah 84067 P.O. Box 2 231 428-9344 Engineers
4655 South 1900 West St. Southwsst Office Long Basch Office

Telephone 801 731 4596 Grants, New Mexico 87020 Construction Managers

CALCULATION SHEET[

[ '/ fJOB Ch,oulL.~ SHEET NO. CALC M W

CK'D BY DATE U/U/M TITLE T An~2 N . s v i*m
t
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ANDEPSON Eng<neering is . VALASA Group Company
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TABLE 6-1
s

SOIL AND RADON SOURCE REGIONS AND
THEIR DEFINING PARAMETERS

Effectivea Average

| Present Avera geb Ave ra ge Avera ge Radon
Source Radium Radon Long-Term Diffusion

Thickness Concentration Emanati on Moistu re Coefficient
2(cm /s ) A ns.Recion (feet) (oCi / oram) Fra cti on (% dry wt)

,

c.co753
2.7 9.5 0.018 I 54-Terrow Soil --- ---

Eain Tailings-Sands 40 103-409 .20 8.0 0.025
3 e
(Main Tailings-Mixed 15 242-538 .24 15.0 0.008S

in Tailings-Slimes 9 424-522 .20 22.0 0.0011

id Acid Tailings 4.7 2023-2214 .24 20.0 0.0010 1,5c;
S

ast Carbonate T. 10 1030-1601
l

* Carbonate T. 7 415-921 f .30 20.0 0.0025

(SouthCarbonateT. 5 1963
s

vap. Ponds .2-2 37-345 .17 9.5 0.0195
|
' tockpile Area 1 53 41 9.5 0.036

ill Area 7 22 41 10.0 0.0164

indblown (W-1 & W-2) 5-4 34 .32 9.5 0.014

Windblown (W-3) 1 76. .30 9.5 0.036

4

|

Total thickness for old acid tailings, evaporation ponds, stockpile area, and |
windblown areas; extent of sampling for all other areas. Ranges shown for-measured, i

.

non-uniform regions.

Ranges show maximum variation in averaged vertical concentration profiles.
.

~ 6-2
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Table B.2 Carb Tails Pit 2 Source Term

Building Ra-226 Th-230 Volume
8activity (Ci) activity (Ci) (m )

Carbonate Leach 0.05 0.062 212.6

j Old Yellowcake 37.3--- ---

5 Acid Leach 0.01 0.113 69.5
Resin Fulp 0.18 0.40 1014.4 |
Counter Currer.t 0.008 0.006 6.4

8 0.5New Yellowcake --- ---

TOTAL 0.248 0.581 1340.7
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. RAECOBPC. BAS

. PITI INFORMATION : 08:56:01 12-23-1993

BOTTOM FLUX = 0 pC1/m*2/sec
R CONC. = 0 pC1/1
E LAYER 1 FLUX = 276.13 pCi/m^2/s

NO OFTIMIZATION APPLIED

L THICK POR MOIST SOURC E.F. D2NS DIFF FLUX CONC. MIC
" (cm) (t) (pci/g) (g/cm'3) COEF (pCi/m^2 / s ) (pC1/cm* 3 )

7 50.0 .3133 .9.5 1 .2 1.84 0.00753 1.94 0.0 0.587

6. 61.0 .341 9.5 1 .2 1.78 0.01390 2.22 4.5 0.633

5 61.0 .37 9.5 2.06 .3 1.68 0.01900 4.52 9.3 0.681

4' 61'. 0 . .341 9.5 1 .2 1.78 0.01390 8.21 13.6 0.633

3 152.0 .37 9.5 2.86 .3 1.68 0.01900 16.63 31.1 0.681

2 73.0 .341 9.5 1 .2 1.78 0.01390 90.28 118.1 0.633

1-213.0 .411 20 921 .3 1.38 0.00250 198.77 259.8 0.503

.................. ************ TOP ********************************
I*- 7. *~ BORROW *

....** **......**...................................................

- 6 * BORROW *

.........................................**.....** ..****............
'

* |- 5 * DEBRIS
......................... .............***..........................

f- 4 * BORROW *

v..............................................*.....................
-3 * DEBRIS *

.

!

[*.............................................................**... \1

g- 2 * BORROW j*

...............................*.................................... .:
1

*
'

- 1 * TAILINGS
............................................ ** .....******....*.....

***************************** BOTTOM *******************************

IIxv ,4U

r
!
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N
i-
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1

,
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. ANDERSON Enginaaring Company,Inc.
'

4655 South 1900 West St. Southwsst oflice Long Bsach Office
Roy, Utah 84067 P.O. Box 2 231 428-9344 Engineers
Telephone 801 731-4596 Grants. New Mexico 87020 Construction Managers
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CALCULATION SHEET
[

'M]/ < o / A SHEET NO. CALC d AJOB

CK'D BY DATE/>/22 log TITLED de o N'o %
i - < - ;

+" s ocu. dt i,,v,3 ac~ ; y
i

/ |bSLb%e b \ 4* 9ss,/

& A A& 4 e. /#v
( a s ~ e/s,' no,J

Q-2n(ci) = 6. esz = S2(In)j.4in)

h u~ n9.qc,ccof*
=5 ' L'o m s'( n c,a=c;+=) - 17 g );P

/g yM l.4s 148(42+)17(Icy 17s.2Oc")JP

I7s 20G0lb /49 4 )= Bo.8 06 b9 g
s-s

82Oc4)WJ

scT'id)7 1.62P/g"

-.

4

k

ANOf RSON Engineering is a VALASA Group Company
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TABLE 6-1
,

SOIL AND RADON SOURCE REGIONS AND
THEIR DEFINING PARAMETERS

E ffecti vea Average
Present Avera geb Avera ge Average Radon
Source Radium Radon Long-Term Di f fusi on

Thickness Concentration Emanation Moisture ' Coefficient'
2' (cm /s) J, ns.Regi on (feet) (oCi /gran. ; Fra ct i on (% dry wt)

o.00753
2.7 9.5 0.018 l 24-:rrow Soil --- ---

.in Tailings-Sands 40 103-409 .20 8.0 0.025
r

ain Tailings-Mixed 15 242-538 .24 35.0 0.0085

.in Tailings-Slimes 9 424-522 .20 22.0 0.0011

id Acid Tailings 4.7 2023-2214 .24 20.0 0.0010 IS;

st Carbonate T. 10 1030-1601

^ Carbonate T. 7 415-921 f .30 20.0 0.0025
)

uth Carbonate T. 5 1963
'

ap. Ponds .2-2 37-345 .17 9.5 0.0195

ockpile Area 1 53 41 9.5 0.036

ill Area 7 22 41 10.0 0.0164

indblown (W-1 & W-2) .5-4 34 .32 9.5 0.014

indblown (W-3) 1 76. .30 9.5 0.036

|

|
Total thickness for old acid tailings, evaporation pond's, stockpile area, and -

,

|windblown areas; extent of sampling for all other areas. Ranges shown formeasured, .

[ non-uni form regions.
,

Ranges show naximum variation in averaged vertical concentration profiles.

i
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Table B.3 pII Pond Pit 3 Source Term j

I '

Building Ra-226 Th-230 Volume
3activity (Ci) activity (Ci) (m )

' I |

Sand Filter 0.00014 0.009 3.5
Solvent Extraction 0.028 0.080 90.4 |

.

Storage Tanks 0.054 0.742 502.7*
|

TOTAL 0.082 0.831 596.6

j
* Excludes 924 m8 of water in the CCD storage tanks. !

l

I ;
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I g2 0@/
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RAECOBPC. BAS 3\ Q

IUTPUT INFORMATION08:48:59 12-23-1993

BOTTOM FLUX = 0 pCi/m'2/sec

IARE LAYER 1 FLUX - 4 8 0. 01 pC1/m'2/s
O pC1/1IR CONC. .

LAYER 5 ADJUSTED TO GIVE FLUX OF 20 pCi/m'2/s FROM LAYER 5

L THICK POR MOIST SOURC E.F. DENS DIFF FLUX CCNC. MIC
(cm) O) (pCi/g) (g/cm'3) CCEF { pCi /m'2 / a ) (pCi / cm'3 )

-5 74.4 .3133 9.5 1 .2 1.04 0.00753 20.00 0.0 0.587

14
6.0 .341 9.5 1 .2 1.68 0.01390 36.77 88.5 0.654

3 152.4 .37 9.5 1.02 .3 1.68 0.01900 40.63 97.3 0.681

2 28.0 .375 9.5 1 .2 1.68 0.01980 273.46 382.2 0.685

11305.0
.411 20 1601 .3 1.38 0.00250 370.06 369.2 0.503

. ...**. **. .................... Top ........... ***..**** ..........

-5 * PROPOSED CO'/ER *

*****......*....**..........**......................................

*~ 4 * BORROW .
~

*** **............**...................**..........** ..............

- 3 * DEBRIS *

******.........**.**............................**..........**.......

- 2 * BORROW *

*** . *******.......................................................

- 1 * TAILINGS *

.....***......**..................**............... **......***......

***************************** BOTTOM *******************************

u ,4 . ,d . . -

4- b

,

!

b
L

u

-

_ -m__________._____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ __



ANDERSON Enginsering Company,Inc.
4655 South 1900 West St. Southwsst Office Long Beach Of fice
Roy, Utah 84067 P.O. Box 2 231 428 9344 Engineers
Telephone 801 731 4596 Grants, New Mexico 87020 Construction Managers

CALCULATION SHEET

JOB ! [- SHEET NO. C A LCd''d-
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U.S. ARMY CORPS OF ENGINEERS ** FLOOD HYDROGRAN PACKAGE (NEC-1) * *

* * THE HYDROLOGIC ENGINEERING CENTER *FEBRUARY 1981*

* * 609 SECOND STREET* REVISED 02 AUG 88 *

DAVIS, CALIFORNIA 95616* * * *

(916) 551-1748 ** RUN DATE 09/28/1993 TIME 15:07:56 * *

* * * .

.................. *..***....***.....**.. .**...*********.****..*... ............

X X XXXXXXX XXXXX X

X X X X X XX

X X X X X

XXXXXXX XXXX X XXXXX X

X X X X X

X X X X X X

X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIDNS OF HEC-1 KNOWN AS HEC 1 (JAN 73), HEC 1GS, HEC 1DB, AND HEC 1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- A!!D -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN 77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS: WRITE STAGE FREQUENCY,

DSS: READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE: GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 MEC-1 INPUT PAGE 1

LINE 10...... 1...... 2...... 3...... 4...... 5..... 6...... 7...... 8...... 9..... 10

*** FREE ***
1 ID CARBONATE TAILINGS-OPTION B-RUNOFF NORTHEAST GUAD
2 IT 3 0 0 300 0 0
3 to 3

4 KK STG1

5 B4 0.0043
6 PH .0001 0' 4.68 6.79 9.98 11.58 12.28 13.47
7 LS .22 90 0
8 UD .22

9 KK STG2

10 BA 0.0002
11 UD 0.0045

- . .. . .- - .- - - - - _ - - _ - _ - _ _ _ = - _ _ _ _ _ _ _ _ _ - _ . _
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M M M M M M M M M M M M m M M M m' W M

12 KK CM12

13 HC 2
14 22

******** **...**..........**...........j***.****** .....**....** ....**.....**...
. * * .

FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS **

* * THE HYDROLOGIC ENGINEERING CENTER ** FEBRUARY 1981
609 SECOND STREET *

REVISED 02 AUG 88 * **

DAVIS, CALIFORNIA 95616 ** * *

* (916) 551-1748 ** RUN DATE 09/28/1993 TIME 15:07:56 *
* * * *

*. ** *..*************...***************+ ** .......******.*************.********

CARBONATE TAILINGS-OPTION B-RUNOFF NORTHEAST QUAD

3 10 OUTPUT CONTROL VARIABLES
IPRNT 3 DRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA
NMIN 3 MINUTES IN COMPUTATION INTERVAL

IDATE 1 0 STARTING DATE
IIlME 0000 STARTING TIME

No 300 NUMBER OF HYDROGRAPH CRDINATES
NDDATE 1 0 ENDING DATE
NDTIME 1457 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .05 HOURS
TOTAL TIME BASE 14.95 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIP11ATION DEPTH INCHES
LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

... *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** **. *** *** *** *** *** *** *** *** *** *** **. .** *** *** ***

** *******&***



M M M M M M M . I:. M M M M M M M M M M M

. .

STG1 *4 KK *

* .

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

SUBBASIN RUNOFF DATA

5 BA SUB9ASIN CHARACTERISTICS
TAREA .00 SUB3ASIN AREA

PRECIPITATION DATA

6 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
HYDRO-35 TP-40 . TP-49

5 MIN 15 MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2 DAY 4-DAY 7-DAY 10-DAY
4.68 6.79 9.98 11.58 12.23 13.47 .00 .00 .00 .00 .00 .00

STORM AREA = .00

7 LS SCS LOSS RATE
STRTL .22 INITIAL ABSTRACTION

CRVN8R 90.00 CURVE Mb?GER
RTIMP .00 PERCENT IMPERVIOUS AREA

8 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .22 LAG

...

UNIT HYDROGRAPH
24 END-OF-PERIOD CRDINATES

1. 3. 6. 8. 8. 8. 6. 4. 3. 2.
2. 1. 1. 1. O. O. O. O. D. O.

O. O. O. O.

*** **. ... *** ***

HYDROGRAPH AT STATION STG1

TOTAL RAINFALL = 13.47 TOT AL LOSS = 1.25, TOTAL EXCESS = 12.22

FEAK FLOW TIME MAxlMUM AVERAGE FLOW
6-b4 24-HR 72-HR 14.95-HR

+ (CFS) (HR)
(CFS)

+ 57. 3.25 6. 2. 2. 2.
(INCHES) 12.224 12.225 12.225 12.225

(AC-FT) 3. 3. 3. 3.

CUMULATIVE AREA = .00 53 M1
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|

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

.

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

. .

STG2 **9 KK
* .

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

SUBBASIN RUNOFF DATA

10 BA SUBBASIN CHARACTERISTICS
TAREA .00 SUBBASIN AREA

PRECIPITATION DATA

6 PH DEPTHS FOR 0 PERCENT HYPOTHETICAL STORM
. . HYDRO-35 .. .... .......... TP-40 ....... ....... ... .... TP-49 ....... ..
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-bR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
4.68 6.79 9.98 11.58 12.28 13.47 .00 .00 .00 .00 .00 .00

STORM AREA = .00

7 LS SCS LOSS RATE
STRTL .22 INITIAL ABSTRACTION

CRVNBR 90.00 CURVE NUMBER,

RTIMP .00 PERCENT IMPERVIOUS AREA

11 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .00 LAG

...

UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES

2. 1. O. O. O.

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

HYDROGRAPH AT STATION STG2

TOTAL RAINFALL = 13.47, TOTAL LOSS = 1.25, TOTAL EXCESS = 12.22

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 14.95.uq

+ (CFS) (HR)
(CFS)

+ 6. 3.05 0. O. O. O.

(INCHES) 12.225 12.225 12.225 12.225
(AC-FT) O. O. O. O.

- - _ . - _ _ _ _ _
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CUMut ATIVE AREA = .00 So MI

. . . . . . . . . * * * . . . . . . . . . . . . . . . * * . . . . . . . * . * * * * . . . . . . . . . . . . . . . . . . . . . . * * . . . . . * . . * * . . . . . . . . . . . . . . . . . . . . .

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

* *

12 KK * CM12 *
* .

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

13 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE

...

*** ... **. *** ...

HYDROGRAPH AT STATION CM12

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 14.95-NR

+ (CFS) (HR)
(CFS)

+ 57. 3.25 6. 2. 2. 2.
(INCHES) 12.224 12.225 12.225 12.225

(AC-FT) 3. 3. 3. 3.

CUMULATIVE AREA = .00 SQ MI

1

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD Bt.SI N MAXIMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE'

,

i + 6-HOUR 24-HOUR 72-HOUR

HTOROGRAPH ATj
+ SIG1 57. 3.25 6. 2. 2. .00

|

! HYDROGRAPH AT
+ STG2 6. 3.05 0. O. O. .00

|

2 COMBINED AT
+ CM12 57. 3.25 6. 2. 2. .00

* 0* Y h

_-- --- - - _ - _ - - _ _ _ _ _ _ _ _ _ - . . _ .
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s/l}
j0*| NATURAL CHA!MELS |

1ARIABLES LIST
Y - FLOW ELEVATION Q - FLOWRATE S- CHANNEL SLOPE

VARIABLE TO BE SOLVED (Y,Q CR S) ?Y Enter up to 20 cross-section points.

Enter < Return > only for distance to end.

(CFS) ? 57

S (FT/FT) ? .2 CROSS-SECTION POINTS

DIST ELEV COEFF DIST ELEV COEFFI ____........,....._ .........._.. .._,

'
100 10 .033

I....:::"'".....
Y. 10.12 FT

I>'~ 100.00 FT

" '* "'
=

V= 4.84 FPS

2.48 SUPER-CRITICAL FLOW<=

,

|

Shift > <Prt Sc> print (Return > repeat < Space Bar> back to menu

. .......... ____....... ____ ....... ._. ....____.-- ..__......._ __. _.__...
,

.

I
I
I
,
I
I
I'

-

-. , , _ . _ , _ , _ _ . _ . _



bas %%
|

.

9/24/qs
NATURAL CHANNELS fin cc

. ABLES LIST;

Y- FLOW ELEVATION Q - FLOWRATE S - CHANNEL SLOPE

IARIABLETOBESOLVED
|

!
'(Y,Q OR S) ?Y Enter up to 20 cross-section points.

Enter < Return > only for distance to end. l

I ((CFS)
l? 57
i

FT/FT) ? .0133 CROSS-SECTION POINTS
DIST ELEV COEFF DIST ELEV COEFF
_......_______ ... ......______ .._..

0 100 .033

100 100 .033

j

I....RESULTS i............

100.27 FT |=

lA. 26.56 SF

I. 100.00 FT
I2.15 FFS.

F. 0.73 SUB-CRITICAL FLOW

Shif t > < Prt Sc> print < Return > repeat (Space Bar> back to menu

|........_........... .... .... _ __._......___ ........_ ..._.._...__........__

I 1

!
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I
I
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I
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ROCK SIZING BASED ON CORP OF ENGINEERS METHOD
REF: Hydrualic Design of Flood Control Channels

(EM1110-2-1601,7/1970)

Description of variables used in program 29-Sep-93 02:50 PM

I gamma = unit weight of stone (Saturated Surface Dry, SSD)
velocity =mean local vertical velocity (feet /second)
theta = angle of repose of rock (internally set at 40 degrees)

INPUT VARIABLES CALCULATED QUANTITIES
gamma velocity D(50) depth of channel local design factor of

flow slope shear shear safety
(pcf) (fps) ( nches) (feet) (ft/ft) tau (o) tau (must be >1'

162.24 2.15 0.5 0.27 .0.0133 0.08 0.17 2.21
162.24 2.15 '1 0.27 -0.0133 0.11 0.33 3.13
162.24 2.15 1.5 L 0.27 0.0133' O.13 0.50 3.71
.162.24 2.15 2- 0.27 0.0133 0.16 0.67 4.12

I

I
I

I
I
I
I
I
I

--
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ROCK SIZING BASED ON THE

STEPHENSEN METHOD
29-Sep-93 02:37 PM

q = unit discharge
theta = surface slope (degrees)
phi = angle of repose (degrees)
n = porosity of rip rap

' C = 0.22 for pebble to 0.27 for crushed granite

INPUT VARIABLES OUTPUT
q theta phi n ' sp. (dav. C d(50) ft.

0.57 11.3 40 0.3 2.3 0.27 0.194239 a

23
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TABLE 6-1
t

SOIL AND RADON SOURCE REGIONS AND
THEIR DEFINING PARAMETERS

Effectivea Avera ge
Present Avera geb Avera ge Ave ra ge Radon
Source Radium Radon Long-Term Di f fusion

I- Thickness Concent ration Emanation Moisture Coefficient
Recion (feet) (DCi / ara m) F ra cti on (% dry wt) (cm2/s ) dn..

| a co p
9.5 0.018 IS+I'Jbrrow Soil 2.7--- ---

in Tailings-Sands 40 103-409 .20 8.0 0.025

Main Tailings-Mixed 15 242-538 .24 15.0 0.0085

in Tailings-Slimes 9 424-522 .20 22.0 0.0011

d Acid Tailings 4.7 2023-2214 .24 20.0 0.0010 i, Cej

ast Carbonate T. 10 1030-1601

^ Carbonate T. 7 415-921 ) .30 20.0 0.0025

-South Carbonate T. 5 1963
s

ap. Ponds .2-2 37-345 .17 9.5 0.0195

tockpile Area 1 53 41 9.5 0.036

'll Area 7 22 41 10.0 0.0164

indblown (W-1 & W-2) .5-4 34 .32 9.5 0.014

Windblown (W-3) 1 76. .30 9. 5 0.036

Total thickness for old acid tailings, evaporation ponds, stockpile area, and
windblown areas; extent of sampling for all other areas. Ranges shown for-measured,
non-uniform regions.

Ranges show maximum variation in averaged vertical concentration profiles.
-

!

l

|
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bT2C D

RAI: COB PC . BAS

UT INFOTMATION 07:35:55 12-09-1994

TTOM FLUX = 0 pCi/m'2/sec
0 pC1/1R CONC. =

4.75 pC1/m"2/sBARE LAYER 1 FLUX =

i OPTIMIZATICH APPLIED

THICK PCR MOIST SOURC E.F. DENS DIFF FLUX CONC. MIC_.

(cm) (t) (pci/g) (g/cm'3) COEF (pCi /m^ 2 / s ) (pCi /cm'3 )

: 0.0 .3133 9.5 1 .2 1.84 0.00753 4.75 0,0 0.587

W1 20.3 .411 20 37.2 .24 1.59 0.00100 4.75 0.0 0.427

..**************************** TOP ********************************

*- 2 * COVER *

W e.*e...........................*....** ...........*....*.....**...*

1 * SO BENCH TAILINGS *

g ...................................................................
Q.............................so;7en...............................

h|o /F ~

L c V E.;2. + 4 6.M t 2.ti Di

L_

r
|

|
i

%

P

%

,

F
|
u

|e

! |

|
%

t"*

'

L

I
i

|

L
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I
i
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g 6T23 e
RAECOBPC. BAS

J"PUT INFORMATION 17:09:03 12-09-1994

OM FLUX = 0 pCi/m'2/sec

IARE LAYER 1
O pCi/1IR CONC. -

FLUX = 85.16 pCi/m'2/s
NO OPTIMIZATIOt! APPLIED

L THICK POR MOIST SOURC E.F. DENS DIFF FLUX CONC. MIC

(em) (t) (pCi/g) (g/cm^3) CCEF (pCi /m' 2 /s ) (pC1/ cm' 3 )
3 61.0 .411 20 24.1 .24 1.59 0.00100 1.58 0.0 0.427

12
91.4 .411 20 317.1

.24 1.S9 0.00100 25.03 159.6 0.427*

'
1 61.0 .411 20 490.9

<

,
.24 1.59 0.00100 15.52 372.7 0.427

:

**.......**..................... yop *** ...............***..........
,

; -3~* 0-2 TAILINGS *
.

. * * . . . . . . . . . . . . . . . . . . * * * * . . . . . . * * . . . . . . . * * * . . . . * * . . . . . . . . . . . * * * * * *
a

! *- 2 * 2 TAILINGS *

;
.........-5'4

. . . . . . . . * * * . * . . . . . . . . . . . . . . . * * . . . . . . . . . . . . . . . . . . . . . . . . . . . * *

:3 - 1 * 5-7' TAILINGS *

3 ***..................................................................
!
; ..................**.....**** BOTTOM *******************************
,

! h

!.I

I
1

;

.

'I
,

|

I;
,
,

:I

.I

I
I

.

.
4

- , - - m , - -- --- - - - - - - - - - - - - - - - - - - - -
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RAECOBPC. BAS
|.

,

; "PUT INFOPJ4ATION 11:57:24 12-09-1994
I OM FLUX = 0 pCi/m'2/sec

0 pC1/1~ IR CONC. =
i

f E LAYER 1 FLUX = 22.87 pC1/m'2/s '

! NO OPTIMIZATION APPLIED 1

1 i

L THICK POR MOIST SOURC E.F. DENS DIFF FLUX CONC. MIC

(cm) (1) (pCi/g) (g/cm^3) COEF (pCi/m^2 /s ) (pCi /cm'))

. 3 50.0 .3133 9.5 1 .2 1.842 0.00753 9.00 0.0 0.587 |

2 15.2 .411 20 11 .24 1.59 0.00100 11.89 15.3 0.427

i1 15.2 .411 20 217.4

| .24 1.59 0.00100 15.61 64.1 0.427
1

* ******************************** TOP ******************************** I

i - 3 * COVER *

. ......**............................................................

- 2* 0-0.5' TAILINGS *

| .................................................................... ,

1 j

; - 1 * 0.S-l' TAILINGS * 1

i ....................................................................

; .............................. BOTTOM *******************************
.

.
ko '._ a~ '. E t2 d s c. g i c Ep

i
*

'I
:
i
:

}

.

I l
.

.

4

h

I
I
I
I-

I
L
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RAECOEPC. BAS

UT INFCFJ4ATIOli 10:02:36 12-09-1994

OTTOM FLUX = 0 pCi/m"2/sec
0 pCi/lIR CONC. =

LARE LAYER 1 FLUX = 28.19 pCi/m'2/s
AYER 2 ATJUSTED TO GIVE FLUX OF 20 pC1/m"2/s FROM LAYER 2

L THICT. PCR MOIST SOURO E.F. DENS DIFF FLUX CONC. MIC

(cm) (U (pCi/g) (g/cm'3) CCEF (pCi /m' 2 /s ) (pCi/cm" 3 )
|2 31.2 .3133 9.5 1 .2 1.842 0.00753 20.00 0.0 0.587

1 54.9 .411 20 163.4

.24 1.59 0.00100 23.67 24.3 0.427

**..**......***..........****** TOP ********************************
*- 2 * COVER

,..........*****...........***..............******.***.......**e...**
|

|- 1* 0+1.B' TAILINGS *

....... ....***.**......*****. *******......*****. ************.....

|***************************** BOTTOM *******************************

/ /o L-
).| G;/ .n

/ --
\

- ! ~-, r 4./ ' I V d i oi., |
, <r,/\

^'
|d t|

/ /
/

l

l

l

|

,

)

_ _ _ - _ _ - - _ _ _ _ - _ _ - - - - _ - _ _ - _ _ _ _ _ _ _ . _ _ _ _ .
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_, RAECCBPC.EAS

*

WPUT INFORMAI'ICN 11:50:32 12-09-1994

CM FLUX * O pCi/m*2/sec

IARELAYER1 FLUX =
0 pCi/lIR CONC. =

48.12 pCi/m'2/s
| NO OPTIMIZATION APPLIED
L_

L THICK POR MOIST SOURC E.F. DENS DIFF FLUX CONC. MIC

F- (cm) d) (pci/g) (g/cm*3) CCEF (pCi /m* 2 / s ) (pCi /cm'3 )

g_ 7 20.0 .3;33 9.5 1 .2 1.842 0.00753 1.83 0.0 0.587

6 61.0 .411 20 1.2 .24 1.59 0.00100 0.89 5.8 0.427

wi 5 61.0 .411 20 157.3

.24 1.59 0.00100 0.88 150.7 0.427

-'4 61.0 .411 20 320.5

.24 1.59 0.00100 0.11 298.2 0.427

~3 61.0 .411 20 347.6

L, .24 1.59 0.00100 -0.51 320.0 0.427

2 61.0 .411 20 250.3
-- .24 1.59 0.00100 -0.38 278.4 0.427

1 213.4 .411 20 275.3
,

"4 1.59 0.00100 1.66 246.8 0.427
f
-

-- ******************************* Top ********************************

*- 7 * COVER
*'*********************************************************************
|

* 0-2' TAILINGS *u4- 6
*****************************************************************

** 2'-4' TAILINGSu a

*********************************************************************
*-4 * 4'-6' TAILINGS

'.********************************************************************
-

**- 3 * 6'-8' TAILINGS
-- ********************************************************************

*- 2 * 8'-10' TAILINGS
-1********************************************************************

ASSUMED DEPTH BASED CN TCPOG *+- 1 * 10'-17'* TAILINGS *
********************************************************************

***************************** aoTTOM *******************************
l
1
*

r
C C\ b ( N. C ! @ #

F
|
L

s

e

m

I

-
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5.1.2.1
The Rainfall and Runoff Factor (R)

As noted by previous research at Los Alamos National Laborator
and Lane,1983), the R factor as used in the MUSLE is often misinterpy (Nyhanonly as a rainfall factor.

impact and provide information on the amount and rate of runoff lik lIn reality, it must quantify both the raindrop
reted

be associated with the rain. More s e y to
in tenns of a rainfall storm energy (pecifically, the R factor is describedintensity (130).

Generalized R factors applicable to the interiorE) and the maximum 30-minute rainfall}

western United States are given in Table 5.1.

tion curves be obtained from local SCS officesareas of the United States, it is recommended that erosion index dist ibFor R factors in specificr u-
.

Table 5.1.
} - Generalized Rainfall and Runoff (R) Values.

i

5

,

State
Eastern Third -_

Central Third Western Third
N. Dakota
S. Dakota 50 - 75 |

Montana 75 - 100 40 - 50i 40
30 - 40 50

40Wyoming 30 - 50 20r 20 - 50 irj Colorado 75 - 100 15 - 30 15 - 25'g Utah
New Mexico 20 - 30 40 - 50

Arizona 75 - 100 20 - 50 20 - 40

20 - 50 40 - 50 15 - 40
20 - 50 20 - 40

i

25 - 40 (
.

t

5.1.2.2
The Soil Erodibility Factor (K)

bility potential of a given soil is dependent on its compo itiThe soil erodibility factor (K) recognized the fact that the
I.

t erodi-
which in turn reflects the grain size distribution of the soils onal makeup,

anc fine sand, percent sand greater than 0.1 m, percent organic matsoil erodibility, five soil characteristics that include the percent
To predict, .

|E silt

general soil structure and general penneability are determin d 1@ erial, i
tor is then found by using the Wischmeier nomograph pree. The K fac- !5.1.

sented in Figure

based on separating sand and silt at the 0.1 m sizeThe makeup of the various soil fractions presented in Figu
)

'

re 5.1 is
the Unified Soil Classification System which uses the NThis differs fromj
(0.075 mm) for the separation between sand and silt

.

o. 200 sieve size {P
Figure 5.1 with should be the percentage of material fiThe value to enter

g

! .

size, not the percentage passing the No. 200 sieve.1 ner than 0.1 mm in ,

tion of the Soil Erodibility Factor (K) as shown on FiAlso, the determina-!IJ
tained in the material.specifically reference the percentage of clay (finer than 0 002

4

gure 5.1 does noti

I

used for Figure 5.1, therefore, is the percentage of material co t iThe percentage of silt plus very fine sand to be
mm) con-.

i

between 0.002 mm and 0.1 mm. !n a ned I

i

.
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