
Sweetwater Uranium Facility
Kennecott Uranium Company
42 Miles NW of Rawlins
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April 21, 1999 
K --,,,,Energy

Mr. N. King Stablein, Acting Chief
Uranium Recovery Branch - MS - T7J9
Division of Waste Management
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Mr. Stablein:

Subject: Docket Number: 040-08584 - Source Materials License: SUA-1350
Page Changes Related to Background Radium-226 Values and Reclamation Costs

Enclosed please find page changes to Kennecott Uranium Company's Final Design - Tailings Management
Plan, relating to:

1. Background Radium-226 Value for Site Soils

These page changes are being submitted following a discussion with Elaine Brummett of your staff on
April 15, 1999, regarding the background radium-226 value derived for the Sweetwater Uranium Project.
The value has been increased to 1.5 pCi/gr from 1.44 pCi/gr to reflect the use of sampling data closer to
the site. Maps of the sample locations used to derive this value are included in the page changes.

2. Reclamation Costs

Page changes regarding reclamation costs are being submitted following a discussion with Elaine
Brummett of your staff on March 30, 1999, during which it was agreed to increase the long term
surveillance fee from $600,000.00 to $625,000.00.

If you have any questions please do not hesitate to contact me.

.•Since ely yoiv/,,• ,

Oscar Paulson
Facility Supervisor
D:\OSCAR\21AAP1RWPD

cc: Elaine Brummnett(2 copies)
Ross Scarano - Director, DRSS, Region IV
Kent Goates
Roger Strid
Kent Bruxvoort
Fred Craft

Kennecott Uranium Company is Manager of the Green Mountain Mining Venture

Kennecott Energy Company provides marketing and other services on behalf of Antelope Coal Company, Caballo Rojo, Inc,, Colowyo Coal Company, LP.,

Cordero Mining Company, Kennecott Uranium Company, Spring Creek Coal Company and Wyoming Coal Resources Company
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slopes, and with the capacity to pass the Probable Maximum Flood (PMF). It will be unlined and

located so that predicted erosion rates cannot cause lateral migration of the channel at a rate that

could compromise the stability of the toe of the embankment in 1,000 years. Figure 5-2 presents the

diversion channel configuration.

The estimated (+/- 25%) cost for construction of the diversion channel and reclaiming the first

tailings impoundment is $4.70 million. The estimated cost for reclamation of each additional

tailings impoundment is $4.18 million.
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less than 20 pCi/m2/sec or less over a 1000-year period and will reduce infiltration into the tailings

* to 4 percent or less of annual precipitation. The minimum required thickness for radon attenuation

is estimated to be 6.7 feet. The extra thickness is needed to contour the surface of the reclamation

cover to approximate the pre-operational grade, as shown in Figure 6-3. The surface will have a

vegetative cover that will allow some minor erosion to occur. However, this erosion will not be

large enough to impact that portion of the cover required for radon attenuation to regulatory criterion

levels. Protection of the impoundment from run-on is provided by the diversion channel to reroute

flow from Battle Spring Draw.

Native soils were chosen such that long-term performance requirements can be achieved. Earthen

materials used in the reclamation cover will consist of non-cohesive silty sand which is not subject

to damage from differential settlement, biointrusion, or freeze/thaw effects.

A preliminary soils characterization survey was conducted in the areas adjacent to the existing

tailings impoundment to identify areas that may have been impacted by windblown tailings and to

estimate the extent of impacted areas. Background soil Ra-226 concentration in the mill and tailings

area was estimated from sample populations within two miles of the mill and considered to be

unaffected by natural uranium to be 1.54 pCi/g, rounded to 1.5 pCi/g for practical considerations of

laboratory analytical precision. The surface soils showing concentrations greater than 6.5 pCi/g Ra-

226 (5 pCi/g above background) were confined principally to the area within 100 meters of the

impoundment, except for one region NNW of the impoundment, one upwind region southwest of

the impoundment, and several areas NE of the impoundment in the downwind direction as shown

in Figure 6-4. None of the soil samples collected had Ra-226 concentrations greater than 10 pCi/g.

The estimated (+/- 25%) cost for reclamation of the existing tailings impoundment for bonding

purposes is $2.51 million.

A mill decommissioning and soil cleanup and verification plan was submitted with the existing

impoundment reclamation plan. The estimated cost for mill area decommissioning and soil cleanup. and verification is $2.34 million.

Kennecott Uranium Company Revision I Shepherd Miller, Ina
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2.0 COVER DESIGN

2.1 Radon Attenuation

The thickness of the reclamation cover for the proposed tailings impoundment is driven by its radon

attenuation capability. Specifically, the reclamation cover was design to limit annual average radon

emanation from the impoundment to 20 pCi/m 2-sec, using the NRC RADON model (NRC, 1989).

The model was applied with an assumed radium-226 activity of 562.4 pCi/g, corresponding to an

estimated ore grade of 0.20% and assumed equilibrium. Radon modeling and parameter selection

is discussed in Appendix A. Given the tailings and cover properties, the RADON model calculated

a required thickness of 19.7 feet. Thus, a 20-foot thick cover would be constructed. A typical

reclamation cover cross section is presented in Figure 2-1.

In summary, the cover materials will be comprised solely of surrounding soils, primarily sands or

silty sands. Material from the adjacent overburden pile was conservatively assumed to be used in

the cover. This material has a mean radium-226 content of 3.4 pCi/g, which can be considered as

essentially the same radium-226 content as surrounding surface soils. The overburden pile material

represents naturally occurring material (its radioactive material has not been concentrated by human

activities) but because of this material's proximity to ore, contains slightly higher natural levels of

radium. To be conservative, a radium-226 activity of 2.0 pCi/g was input to the model, which

approximately corresponds to the difference between the activity of the overburden pile material and

the average background level of 1.5 pCi/g (estimation of background soil radium-226 is included

in Volume VI).

Conservative assumptions regarding moisture content and density were also employed in designing

the cover thickness, as detailed in Appendix A.

Kennecott Uranium Company Revision 1 Shepherd Miller, Inc.
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. 4.0 COST ESTIMATE

The reclamation costs were estimated (+/- 25%) for construction of the diversion channel and the

reclamation cover for the first impoundment as well as the reclamation cost of each additional

impoundment. Reclamation of the first tailings impoundment is unique because material excavated

from the diversion channel can be placed directly in the reclamation cover to realize a material

handling cost savings.

The cost of construction of the diversion channel and reclamation of the first tailings cell, including

soil remediation, is approximately $4.697 million in 1999 dollars. Costs for soil remediation

conservatively assume that no additional impoundments are built. However, additional

impoundments, if needed, would be constructed north and east of the first new impoundment, and

would be located downwind. Thus, construction of additional new impoundments would result in

less acreage around the first new impoundment requiring soil remediation and resulting costs would. be less than estimated here.

Reclamation of each additional cell, including soil remediation, will cost approximately $4.18

million. Appendix G presents a detailed discussion of the cost estimate, including material volume

estimates and unit costs. Costs do not include post-reclamation monitoring costs and the minimum

long-term surveillance fee, because these are included in the reclamation costs for the first tailings

impoundment and would not be borne twice.

An increase to the current bond for the mill area and the existing tailings impoundment based on this

Final Design is planned in accordance with the Mill Decommissioning addendum to Volume VI.

The bond for the facility will be increased further by the cost of reclamation of the first new tailings

impoundment when approval is received to operate the mill and construct and operate the first new

impoundment. Hence, an additional increase in the bond amount of $4.697 million would be

expected. Table 4-1 summarizes the bond amounts for the facility.

Kennecott Uranium Company Revision 1 Shepherd Miller, Inc.
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0 Table 4-1
Bond Amount Summary

Description Bond Amount

Current (March 1999) Bond $5,405,000

Bond Adjusted for Final Design Changes to Mill Area and
Existing Tailings Impoundment Decommissioning $5,726,000

(requested with the Addendum to Volume VI)

Estimated Bond Required Upon Receipt of Operating
License and Approval of First Tailings Impoundment $10,423,000

Kennecott Uranium Company
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G.1 INTRODUCTION

A cost estimate was prepared for reclamation of the new impoundment and reclamation of

subsequent impoundments. Costs associated with reclamation include preparation of tailings for

reclamation cover construction, reclamation cover construction, diversion channel construction and

long-term maintenance and monitoring. Each component is discussed in the following section. Unit

costs were obtained from a combination of experience, published construction unit costs, contacts

•with suppliers and conversations with contractors.

G.2 COST BASIS

G.2.1 Tailings Preparation

Prior to construction of the reclamation cover, the tailings surface will need to be graded to a

uniform slope and final dewatering activities may need to be conducted. A lump sum of $100,000

was assumed for each of these activities.

G.2.2 Reclamation Cover Construction

Construction of the reclamation cover consists of placement of the 21-foot thick sandy cover and

placement of riprap and filter layers. A 40-acre impoundment requires approximately 1.36 million

cubic yards of material for a 21-foot thick cover. Each impoundment was assumed to require riprap

on the surface and on two-sides, based on a six-impoundment configuration. A four-inch thick

surface riprap layer requires about 21,500 yards of material. Six-inch thick side-slope filter and

riprap layers require about 9,700 yards of material each. Calculations are presented in Attachment

G.1.

It was assumed that the reclamation cover will be constructed from material excavated for the

diversion channel and subsequent impoundments will be covered with material from the overburden

pile. Reclamation cover construction does not require stringent placement specifications, thus a

Kennecott Uranium Company Revision 2 Shepherd Miller, Inc

P:\100123\newpage\vo15g_2.wpd G-1 April 19, 1999



Source Material License #SUA-1350 Design Report
Sweetwater Uranium Project Volume V

material haul and placement cost of $1.25/yd3 was assumed to be reasonable. This material handling

cost will be split between the construction of the diversion channel and the placement of the first new

impoundment reclamation cover. Additional impoundments will be constructed assuming the full

handling cost.

Riprap and filter material will need to be purchased from an off-site source. It is likely that a haul

distance of 40 miles will be required for this material. Consequently, riprap and filter costs of

$25/yd3 to $40/yd3 were assumed.

G.2.3 Diversion Channel Construction

Construction of the diversion channel requires excavation of 1.71 million cubic yards of material.

Approximately 1.4 million yards will be placed in the first new impoundment reclamation cover to

realize a cost savings. The remaining material will be placed in the second impoundment, however,

if only one or two impoundments is constructed, it is likely that the size of the diversion channel can

be reduced. Thus, the cost of excavation of the channel and placement of this material in the

reclamation cover was split for the first impoundment only. Subsequent impoundments were

assumed to require material at the full handling cost of $1.25/yd3 .

G.2.4 Long-Term Maintenance and Monitoring

A post-reclamation long-term maintenance fee was not included because it is accounted for in the

Project's bond. A lump sum cost of $250,000 was assumed for post-reclamation environmental

monitoring for the entire Project, was included in the cost estimate for the existing impoundment,

and thus was not included here.

Kennecott Uranium Company Revision 2 Shepherd Miller, Inc.
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G.3 RECLAMATION COSTS

Design Report
Volume V

The estimated cost for construction of the diversion channel and the reclamation cost of the first

tailings impoundment is $4.70 million. The estimated cost for reclamation of each additional

tailings cell is $4.18 million. A calculation spreadsheet is presented in Attachment G. 1.

Kennecott Uraiium Company Shepherd Miller, Inc.
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Kennecott Sweetwater Facility
New Impoundment Reclamation Cost Estimate

New Impoundment Reclamation Cost Estimate
rev. 2/99

Volume
(cubic yards)

Unit Cost
(1998 Dollars)Activity

Total Cost
(1998 Dollars)

Diversion Channel

Construction (excavation)
Contingency

Subtotal

1,714,000 $1.25
15% of construction

$2,142,500
$321,375

$2,463,875

First New Impoundment Reclamation

Dewatering Lump sum
Tailings Regrading/Preparation Lump sum
Mob/Demob Lump sum
Radon Cover Placement 1,355,200 $0.00

- material derived from diversion channel excavation
Surface Riprap 21,500 $35.00
Sideslope Riprap 9,700 $40.00
Sideslope Filter 9,700 $25.00
Contingency 15% of construction

Subtotal

$100,000
$100,000
$100,000

$0

$752,500
$388,000
$242,500
$252,450

$1,935,450

Each Additional New Impoundment Reclamation

Dewatering
Tailings Regrading/Preparation
Mob/Demob
Radon Cover Placement

Surface Riprap
Sideslope Riprap
Sideslope Filter
Contingency

Subtotal

Soil Remediation and Verification

First New Impoundment
Scoping Survey (acre)
Soil Cleanup (cu. yds)
Radiological Support (acre)
Verification Survey (acre)
Contingency

Subtotal

1,355,200
21,500

9,700
9,700

Lump sum
Lump sum
Lump sum

$1.25
$35.00
$40.00
$25.00

15% of construction

$100,000
$100,000
$100,000

$1,694,000

$752,500
$388,000
$242,500
$506,550

$3,883,550

60
32300

40
40

$300.00
$1.50

$300.00
$4,500.00

15% of construction

$18,000
$48,450
$12,000

$180,000
$38,768

$297,218

$4,696,543Total, Diversion Channel & First Impoundment:

FINAL DESIGN
rev. 4/19/99P:06-308\task4\report\reclaim\costest3.xls
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estimate the extent of impacted areas. Background soil Ra-226 concentration in the mill and tailings

area was estimated to be 1.5 pCi/g. The surface soils showing concentrations greater than 6.5 pCi/g

Ra-226 (5 pCi/g above background) were confined principally to the area within 100 meters of the

impoundment, except for one region NNW of the impoundment, and several areas NE of the

impoundment in the downwind direction. None of the soil samples collected had Ra-226

concentrations greater than 10 pCi/g.

The estimated (+/- 25%) cost for reclamation of the existing tailings impoundment for bonding

purposes is $2.51 million.

Kennecout Uranium Company
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. 3.0 COVER DESIGN

3.1 Radon Attenuation

The thickness of the reclamation cover for the existing tailings impoundment was driven by the

volume of material needed to bring the impoundment surface up to existing ground level. Thus, the

resulting cover thickness will have an average thickness of 20 feet. The NRC RADON model (NRC,

1989) was used to calculate the resulting radon flux from the reclamation cover. The calculated

average annual radon flux from the reclamation cover is 5.1 pCi/m 2-sec. For comparison, the

required minimum cover thickness to limit radon flux to 20 pCi/m 2-sec is estimated to be 6.7 feet.

Parameters used in the radon model are summarized in Table 3-1. Radon modeling is discussed in

Appendix C. A cross section of the reclaimed impoundment is presented in Figure 3-1 and Figure

3-2 shows the reclaimed surface configuration in plan view.

. The cover materials will be comprised solely of surrounding soils, primarily sands or silty sands.

Material from the adjacent overburden pile was conservatively assumed to be used in the cover. This

material has a mean radium-226 content of 3.4 pCi/g, which can be considered as essentially the

same radium-226 content as surrounding surface soils. The calculated background soil radium-226

concentration for the mill and tailings area soils within two miles of the mill and unaffected by

uranium mineralization was estimated to be 1.54 pCi/g, with a standard deviation of 1.24 pCi/g.

Thus, the overburden pile material possesses a mean concentration that falls within the mean plus

two standard deviations of the average for the mill and tailings area soils (3.76 pCi/g). The

overburden pile material represents naturally occurring material (its radioactive material has not been

concentrated by human activities) but because of this material's proximity to ore, contains slightly

higher natural levels of radium. To be conservative, a radium-226 activity of 2.0 pCi/g was input

to the model, which corresponds to the difference between the activity of the overburden pile

material and the average background level of 1.5 pCi/g. Estimation of background soil radium-226

is discussed in Chapter 4.

Kennecott Uranium Company Revision I Shepherd Miller, Inc.
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4.0 WINDBLOWN SOIL PRESCOPING SURVEY

4.1 Introduction

A preliminary soils characterization survey was conducted in the areas adjacent to the existing

tailings impoundment during the period April 29 through May 3, 1997. The purpose of the survey

was to identify areas which may have been impacted by windblown tailings and to estimate the

extent of impacted areas. This survey was not intended to provide a basis for eventual cleanup and

decommissioning because the portions of the site surveyed may be used in the future for construction

of additional tailings disposal areas and will be subject to other operational impacts. Appendix E

presents the results of the survey in greater detail.

4.2 Background Soil Ra-226 Concentration

The background concentration of Ra-226 in the surface soils in the vicinity of the tailings

O impoundment was estimated from pre-operational data collected in the Sweetwater mill region.

Table 4-1 lists the sources of the data and the location of the sample points. Locations of the pre-

operational soil samples are also shown in Figure 4-1. The data were derived from one of two

general categories: 1) background soil samples from areas potentially impacted by uranium-bearing

overburden or uranium ore, and 2) background soil samples from areas most likely not impacted by

natural uranium in overburden or ore. Thus, it is apparent that there are multiple background

populations for site surface soils. The data also included soil concentrations for natural uranium, Pb-

210, and Th-230. Appendix E presents the baseline soil data summarized in spreadsheet form.

For the purposes of establishing a background soil Ra-226 level for windblown cleanup in the

vicinity of the tailings impoundment, the mean concentration in soil was calculated by SMI for the

second category (likely not impacted by natural uranium in overburden or ore) of data only, for all

samples located within two miles of the mill. This mean value, therefore, is not a site-wide value

but is applicable for surface soils in the vicinity of the tailings impoundment that are unaffected by

uranium mineralization. Higher average background levels are likely for areas affected by

Kennecott Uranium Company Revision I Shepherd Miller, Ina
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mineralization, such as areas with near surface ore outcrops, overburden piles, windblown

overburden, or some types of windblown ore. The mean Ra-226 concentration calculated from all

of the sample populations within two miles of the mill considered unaffected by uranium ore was

1.54 pCi/g, rounded to 1.5 pCi/g for practical laboratory analytical reasons, with a sample standard

deviation of 1.24 pCi/g.

Table 4-1 Populations for Pre-Operational Soil Samples

Included in Mean
Identification Date of Sampling Sample Locations Calculation?

(Number of data points)

Mill Area May 1979 Mill site Yes (10)

Soil Station Series April 1978 6-mile radius of mill Yes (16)

T-Series Apr. - Aug. 1978 2-4 miles SW of mill Yes (10)

Mill Radial Survey Aug. & Sept. 1978 Mill site vicinity Yes (56)

PRO/Air 1978 - 1979 9-mile radius of mill Yes (9)

SVS Series 1978 - 1980 20-mile radius of mill Yes (45)

Pit Stockpile March 1980 Pit area No

C-1 Waste Dump July 1980 Overburden pile No

4.3 Survey Results

The survey consisted of measurements of gamma radiation exposure rates in the vicinity of the

existing tailings impoundment. Measurements were taken along radials extending from the edge of

the impoundment at 50-meter intervals. The locations of the radials are depicted in Figure 4-2.

Gamma radiation levels were measured at the surface and at approximately 1 meter above the surface

using a shielded sodium iodine (Nal) detector. A correlation between measured gamma radiation

levels and Ra-226 activity concentration in surface soil was developed using laboratory analysis data

for surface soil samples collected from fifty locations along the radials where gamma exposure

measurements were made. A regression equation was derived from the results of the laboratory

analyses and the gamma exposure measurements made in the field. This correlation was used to

Kennecott Uranium Company
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mineralization, such as areas with near surface ore outcrops, overburden piles, windblown

overburden, or some types of windblown ore. The mean Ra-226 concentration calculated from all

of the sample populations within two miles of the mill considered unaffected by uranium ore was

1.54 pCi/g, rounded to 1.5 pCi/g for practical laboratory analytical reasons, with a sample standard

deviation of 1.24 pCi/g.

Table 4-1 Populations for Pre-Operational Soil Samples

Included in Mean
Identification Date of Sampling Sample Locations Calculation?

(Number of data points)

Mill Area May 1979 Mill site Yes (10)

Soil Station Series April 1978 6-mile radius of mill Yes (16)

T-Series Apr. - Aug. 1978 2-4 miles SW of mill Yes (10)

Mill Radial Survey Aug. & Sept. 1978 Mill site vicinity Yes (56)

PRO/Air 1978 - 1979 9-mile radius of mill Yes (9)

SVS Series 1978 - 1980 20-mile radius of mill Yes (45)

Pit Stockpile March 1980 Pit area No

C-1 Waste Dump July 1980 Overburden pile No

4.3 Survey Results

The survey consisted of measurements of gamma radiation exposure rates in the vicinity of the

existing tailings impoundment. Measurements were taken along radials extending from the edge of

the impoundment at, 50-meter intervals. The locations of the radials are depicted in Figure 4-2.

Gamma radiation levels were measured at the surface and at approximately 1 meter above the surface

using a shielded sodium iodine (NaI) detector. A correlation between measured gamma radiation

levels and Ra-226 activity concentration in surface soil was developed using laboratory analysis data

for surface soil samples collected from fifty locations along the radials where gamma exposure

measurements were made. A regression equation was derived from the results of the laboratory

Kennecott Uranium Company
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analyses and the gamma exposure measurements made in the field. This correlation was used to

estimate the Ra-226 concentrations in surface soils at measurement points where soil samples were

* not taken.

The boundaries of the areas where windblown tailings may have resulted in Ra-226 concentrations

in surface soil greater than 5 pCi/g above background, or greater than 6.5 pCi/g, were estimated

using the surface gamma radiation levels measured with the shielded detector at a distance of

approximately 1 cm from the surface. Drawing 1 and Figure 4-3 show the results of the survey,

including the estimated affected area boundary. The surface soils showing concentrations greater

than 6.5 pCi/g Ra-226 were confined principally to the area within 100 meters of the impoundment,

except for one region NNW of the impoundment, and several areas NE of the impoundment in the

downwind direction (the predominate wind direction is from the southwest, SMI, 1994). None of

the soil samples collected had Ra-226 concentrations greater than 10 pCi/g.

Kennecott Uranium Company
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5.0 COST ESTIMATE

The reclamation costs were estimated (+/- 25%) for construction of reclamation of the existing

impoundment. Reclamation of the existing impoundment will cost approximately $2.51 million.

Appendix F presents a detailed discussion of the cost estimate, including material volume estimates

and unit costs.

The current bond for the facility is based on a letter from the Wyoming Department of

Environmental Quality, Land Quality Division, dated June 12, 1991, and is revised annually based

on increases to the Consumer Price Index. The current (March 1999) bond amount is $5,405,000,

and includes the long-term maintenance fee. An increase to the bond is proposed in Section 11 of

the Decommissioning Plan addendum to this volume, and includes the above reclamation costs for

the existing impoundment.

Kennecott Uranium Company
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E.2 BACKGROUND SOIL RA-226 CONCENTRATION

The average background concentration of Ra-226 in the surface soils in the tailings impoundment

vicinity was calculated from pre-operational data collected in the immediate Sweetwater mill area

and in the Battle Spring Draw/Battle Spring Flat region. Table 4-1 lists the sources of the data and

the location of the sample points. The data were derived from one of two general categories: 1)

baseline soil samples from areas potentially impacted by uranium-bearing overburden or uranium

ore, and 2) baseline soil samples from areas most likely not impacted by natural uranium in

overburden or ore. Thus, it is apparent that there are multiple background populations for site

surface soils. The data also included soil concentrations for natural uranium, Pb-210, and Th-230.

For the purposes of establishing a background soil Ra-226 level for windblown cleanup in the

vicinity of the tailings impoundment, the mean concentration in soil was calculated by SMI for the

second category (likely not impacted by natural uranium in overburden or ore) of data only.

Additionally, only samples collected within two miles of the mill were included to be most

* representative of mill and tailings area soils. This mean value, therefore, is not a site-wide value but

is applicable for surface soils in the vicinity of the tailings impoundment that are unaffected by

uranium mineralization. Higher average background levels are likely for areas affected by

mineralization, suclh as areas with near surface ore outcrops, overburden piles, windblown

overburden, or some types of windblown ore. The estimated mean thus is a reasonable estimate for

establishing background for determining site soil cleanup criteria in the tailings impoundment

vicinity.

As listed in Table E-l, soil samples were collected, in addition to sites unaffected by uranium

mineralization, from a pit stockpile, from a pit waste dump (overburden material), and the mill yard.

The mill yard samples were obtained from within the fenced mill yard and included soil samples

from both inside and outside of storage buildings. These mill yard samples were not included in the

background Ra-226 calculation because high natural uranium concentrations indicated that the

samples may have been affected by windblown ore and because the sampling around the buildings. is inappropriate for determining background in the vicinity of the tailings.

Kennecott Uranium Company Revision I Shepherd Miller, Ina
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The mean Ra-226 concentration calculated from all of the sample populations considered unaffected

by uranium ore within 2 miles of the mill was 1.54 pCi/g, based on 82 data points, with a sample

standard deviation of 1.24 pCi/g. The mean Ra-226 concentration for soil cleanup purposes will be

rounded to 1.5 pCi/g for practical laboratory analytical reasons. The data are provided in Attachment

E. 1. Inclusion of the 24 samples from the pit stockpile and waste dump, but excluding 6 waste dump

samples that likely came from depth, and inclusion of samples from more than 2 miles from the mill,

raised the mean and standard deviation to 1.64 pCi/g and 1.32 pCi/g, respectively.

Table E-1 Populations for Pre-Operational Soil Samples

Included in Mean
Identification Date of Sampling Sample Locations Calculation?

(Number of data points)

Mill Area May 1979 Mill site Yes (10)

Soil Station Series April 1978 6-mile radius of mill Yes (16)

T-Series Apr. - Aug. 1978 2-4 miles SW of mill Yes (10)

Mill Radial Survey Aug. & Sept. 1978 Mill site vicinity Yes (56)

PRO/Air 1978 - 1979 9-mile radius of mill Yes (9)

SVS Series 1978 - 1980 20-mile radius of mill Yes (45)

Pit Stockpile March 1980 Pit area No

C-1 Waste Dump July 1980 Overburden pile No

Mill Yard November 1980 Inside mill fence No

E.3 SURVEY LOCATIONS

The areas included in the pre-scoping survey were those immediately adjacent to the existing tailings

impoundment along radials spaced 11.25 degrees apart in the downwind quadrant, and 22.5 degrees

apart for the other three quadrants. The radials were sampled at 50-meter intervals out to a distance

of 500 meters from the edge of the tailings impoundment. Figure E-1 depicts the radial survey point

locations. In some cases, existing mine or mill facilities limited the extent of the survey. One of the

radials was surveyed out to a distance greater than 1000 meters from the edge of the tailings

Kennecott Uranium Company
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F.1 INTRODUCTION

A cost estimate was prepared for reclamation of the existing impoundment. Costs associated with

reclamation include regrading tailings, dewatering tailings, and reclamation cover construction,

reclamation cover construction. Long-term maintenance and monitoring costs were included in cost

estimates for the new impoundment. Each component is discussed in the following section. Unit

costs were obtained from a combination of experience, published construction unit costs, contacts

with suppliers and conversations with contractors.

F.2 COST BASIS

F.2.1 Dewatering

Prior to construction of the reclamation cover, the tailings will be dewatered. A lump sum of

$100,000 was assumed for each of these activities.

F.2.2 Tailings Regrading

A material handling volume of 305,000 cubic yards is required to regrade the tailings as described

in this report. This will likely be conducted with dozers at minimal cost. A unit cost of $1.00/yd 3

was assumed for this activity.

F.2.3 Reclamation Cover Construction

Construction of the reclamation cover consists of placement of approximately 1,356,000 cubic yards

of material. The reclamation cover will be constructed from material currently in the impoundment

embankments and supplemented with material from the overburden pile. Reclamation cover

construction does not require stringent placement specifications, thus a material haul and placement

cost of $1.00/yd3 was assumed to be reasonable for pushing in the embankment soil and $1.25/yd3

was assumed to be reasonable for hauled borrow.

Kennecott Uranium Company Revision I Shepherd Miller, Inca
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F.2.4 Long-Term Maintenance and Monitoring

Design Report
Volume VI

The post-reclamation long-term maintenance fee is included in the current Project bond and post-

reclamation environmental monitoring costs are included in the costs for the entire Project.

F.3 RECLAMATION COSTS

The estimated cost for reclamation of the existing tailings impoundment is $2.51 million. A

calculation spreadsheet is presented in Attachment F. 1.

Revision I .~J*epIzerd YlmLmer, Inc.Kennecott Uranium Company

P:\ 100123\newpage\vo16f32.wpd

Revision IF-2 Ahepherd iller, Inc.
April 19, 1999



Kennecott Sweetwater Facility
Existing Impoundment Reclamation Cost Estimate

Existing Impoundment Reclamation Cost Estimate
rev. 2/99

Existing Impoundment Reclamation

Dewatering
Mob/Demob
Tailings Regrading/Preparatio
Radon Cover (embankment)
Radon Cover (other borrow)
Radon Cover (topsoil)
Margin Topsoil
Revegetation

305,000
1,263,000

93,000
108,000
92,000

83

Lump sum
Lump sum

$1.00
$1.00
$1.25
$1.25
$1.25

$600.00

$100,000
$100,000
$305,000

$1,263,000
$116,250
$135,000
$115,000
$49,800

Subtotal
Contingency, 15%

$2,184,050
$327,608

$2,511,658Total Cost

Notes: Environmental monitoring cost not included above
Long-term maintenance fee is included in the current bond for the site

FINAL DESIGN
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Source Material License Final Design
Sweetwater Uranium Project Addendum to Volume VI

pairs. In the event that the background assessment identifies multiple soil types with multiple

background values, a separate correlation will be determined for each soil type.

Statistical analyses of the data obtained by the two gamma measurement techniques will be

performed, using a computer application statistical package, to determine a correlation between

external gamma radiation and soil radium content at the 90% confidence level.

Based on previous surveys (WNI, 1994, 1995), it is assumed the gamma-radium correlations

obtained using counting times of 150 seconds for the integrated method and 120 seconds for the

composite method will result in acceptable correlations, and little to no improvement in correlation

results would be gained by longer counting times.

9.2.4 Background Assessment

The NRC defines cleanup and release limits in terms of acceptable concentrations above

background; therefore, it is important that background radionuclide concentrations are determined.

Background samples should (1) be representative of the characteristics of surrounding surface soils,

(2) consist of a statistically adequate number of samples, and (3) either (a) be collected prior to mill

operation, or (b) be collected from representative, non-affected area soils after the commencement

of mill operation.

Prior to mill construction, 82 soil samples within two miles of the mill were collected and tested for

radium-226 concentrations, as presented elsewhere in the Final Design, Volume VI, Section 4.2.

These samples constitute a statistically adequate number of data points, as defined by

recommendations in NUREG-5849, indicating that at the 95 percent confidence level the sampled

mean will be within 20 percent of the true mean. Additionally, these data points were collected from

sampling stations that were located in geologically similar areas, (80 percent of the samples were

collected within one mile). Thus, the calculated background mean radium concentration is 1.54

pCi/g, with a standard deviation of 1.24 pCi/g, rounded to 1.5 pCi/g for practical laboratory

analytical reasons.

Kennecott Uranium Company Revision I Shepherd Miller, In a

P\100123\newpage\decom_2.wpd 53 April 19, 1999



Source Material License Final Design
Swveetwater Uranium Project Addendum to Volume VI

11.0 COST ESTIMATE

Estimated mill and tailings area decommissioning costs are summarized in Table 11-1I.' These costs

are based on 1998 dollars and assume that an independent contractor will perform the mill

demolition and tailings reclamation. A bond estimate was prepared for the project (Landmark

Reclamation, Inc., 1990) and was revised by the Wyoming Department of Environmental Quality,

Land Quality Division, in a letter dated June 12, 1991. For those reclamation tasks previously

estimated, 1990 costs were converted to 1998 costs based on the Consumer Price Index - All Urban

Consumers. Soil cleanup, remediation of the proposed evaporation ponds, and verification costs

were not included in the 1990 estimate and were added for this plan. It was assumed that 240 acres

around the mill and existing tailings area would require scoping and that 160 acres would require

cleanup to an average depth of 6 inches, and verification. The acreages around the -tailings

impoundment are consistent with the potentially contaminated areas identified in the pre-scoping

survey (Final Design Volume VI, Section 4).

A revised cost estimate for the reclamation of the existing tailings impoundment is also included in

Table 11-1, consistent in approach and unit rates assumed in the June 12, 1991 letter, and as

presented in Section 5 and Appendix F of the Final Design Volume VI.

The combination of increases in costs due to inflation and the addition of the extra remediation items

results in a mill and existing tailings area cost estimate of $5,725,771, which is $1,169,252 more

than the $4,556,519 included in the June 12, 1991 bond estimate. The current bond was established

as per a March 25, 1998 letter at $5,405,000. Thus, Kennecott Uranium Company proposes an

increase in the bond amount for remediation and reclamation of the mill and existing tailings area

to $5,726,000, in keeping with the practice of rounding up to the nearest $1,000, an increase of

$321,000 over the March 25, 1998 bond amount for the mill and existing tailings area. An additional

increase in the bond amount to account for reclamation of the first new tailings impoundment is

included in Volume V.

Kennecott Uranium Company Revision 1 Shepherd Miller, Inc
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Table 11-1 Cost Estimate - Mill and Tailings Area Decommissioning

Item Sept 1990() May 1998(2)

Mill Dismantling $200,000 $247,620

Scoping Survey and Correlation ($300/acre) $72,000

Performance Evaluation Sample $30,000

Soils Cleanup (120 acres, 6" deep) $193,600

Radiological Support $48,000

Topsoil $80,560 $99,741

Revegetation $10,000 $12,381

Evaporation Pond Cleanup $305,000

Verification Survey ($4,500/acre) $720,000

Shop/Office Area $246,886 $305,670

Contingency (15%) $80,617 $305,102

Existing Impoundment Reclamation $3,438,456 $2,511,658

Environmental Monitoring $250,000

Long-Term Maintenance Fee $500,000 $625,000

Total $4,556,519 $5,725,771

Difference between September 1990 Amount $1,169,252

Requested Bond Amount $5,726,000

March 25, 1998 Bond Amount $5,405,000

Increase over March 25, 1998 Amount $321,000

(')Costs presented in Bonding Cost Estimate, September 1990, Landmark Reclamation, Inc., modified by letter dated June 12, 1991
(')Costs either estimated in April 1998 or extended from September 1990 using the Consumer Price Index-All Urban Consumers, U.S. city

average, all items, base period: 1982-1984 = 100; September 1990 = 132.7, January 1999 = 164.3, (164.3/132.7 = 1.2381).
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10. COMMENT: The soil background Ra-226 value is stated (Section 4) to be 1.44
pCi/g, for areas unaffected by in situ uranium ore. This value includes results of samples
taken up to 20 miles away. The licensee should average the values from areas within
several miles of the site that are of similar soil types/geology as the site, to provide a Ra-
226 background value, or values.

RESPONSE: Background radium-226 concentrations were collected prior to mill operations
and represent a complete data set of "true", that is unaffected by operations, background
values. The data were collected in the near vicinity of the mill (site samples), within a
couple of miles of the mill (local samples) and in the area surrounding the mill up to a
distance as great as 20 miles from the mill (regional samples). A total of 144 data points
considered unaffected by uranium ore resulted from this sampling. The radium-226
concentration data are presented in Appendix E of the Final Design, Volume VI. Figure 7
is a map depicting the locations of the regional and local samples (similar to Figure 4-1 in
Volume VI) and Figure 8 depicts the locations of site samples. Figure 2 summarizes the
number of data points, mean radium-226 concentration, and standard deviation for various
distances from the mill of sample locations, both for the various distance intervals and for
cumulative distance.

All of the 144 data points, which include site, local, and regional samples, were collected
from surface soil samples from the Battle Spring Formation and were thus from similar
geology. However, data from samples more than about two miles from the mill may not be
representative of conditions around the mill and tailings impoundment. Although geologic
conditions and statistical results show similarity in the data across geographic spread, the
interval statistics summarized in Figure 2 indicate greater variability in the mean. For
example, interval statistics beyond two miles from the mill show the mean radium-226
concentration to vary from 0.62 pCi/g to 2.38 pCi/g. Natural variability in concentrations
with distance is to be expected and therefore greater weight should be placed on sample
results closest to the mill and tailings area. Thus, the local data are selected as most
representative of the mill and tailings area background.

The mean radium-226 concentration calculated from the sample populations considered
unaffected by uranium ore within two miles of the mill (local data) was 1.54 pCi/g, as shown
in Table 4. Sixty-six of the 82 data points within two miles of the mill (80 percent) were
from sample locations within one mile of the mill and the remaining 16 data points were
collected between one and two miles from the mill.

Laboratory testing of soils for radium-226 to the nearest 0.01 pCi/g may be costly, and
measurement to that precision may not be practically attainable. Thus, the mean radium-226
background concentration to be used for soil cleanup and verification in the mill and tailings
vicinity will be rounded downward from 1.54 pCi/g to 1.5 pCi/g.

Sample adequacy testing was performed to assess whether, given the mean and standard
deviation of the data, the estimated mean is acceptably near the true mean, within some level

Kennecott Uranium Company Revision I Shepherd Miller, Inc.
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of confidence. The NRC in NUREG-5849 (June, 1992) indicates that, for radionuclides in
background soils, it is acceptable to test whether the estimated average represents the true
average within +/- 20 percent at the 95% confidence level. Using these criteria, it is
determined that a statistically adequate number of samples were collected within one mile
of the mill and for any of the cumulative distance statistics, including the within-two-mile
statistic selected for background estimation, as shown in Table 4.

Table 4 Statistical Adequacy of Background Radium-226 Samples

Sample Number of Mean Standard Required
Distance Data Points (pCi/g) Deviation Number of

(pCi/g) Data Points

< I mile 66 1.57 1.23 62

< 2 miles 82 1.54 1.24 65

<4 miles 121 1.36 1.12 67

<6 miles 134 1.46 1.16 62

<9 miles 140 1.47 1.17 63

All 146 1.44 1.16 64
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used. For the cost estimate presented herein, engineering/CQA was considered either to
have already occurred through preparation of the Final Design, is incorporated in the unit
rates selected, or is included as line items where appropriate. Engineering/CQA was not
included in cost estimating for the current bond and this convention was followed for the
cost estimate presented herein. However, a 15 percent contingency factor for all
construction items, as required by NRC (guidance document from NRC's Uranium
Recovery Field Office: "Recommended Outline for Site Specific Reclamation and
Stabilization"), was included in the cost estimating for the current bond and this convention
was also followed for the cost estimate presented herein.

The cost estimate for decommissioning the mill, reclaiming the existing tailings
impoundment, and performing soil cleanup and verification in the mill and existing
impoundment area is $5,725,771. Appendix C provides the detail and the backup
materials for this estimate. This cost includes $625,000 for long-term surveillance per
discussions with NRC Project Manager Elaine Brummett on March 30, 1999. Rounding
the value of the estimate up to the nearest $1,000, in keeping with existing practice, would
result in a bond to cover these costs of $5,726,000. The current (revised March 25, 1998)
bond is $5,405,000. This amount would have to be increased by $321,000 to update the
bond.

The cost estimate for reclaiming the first new impoundment, including cost of the
construction of a diversion channel that would provide protection for five new
impoundments, is $4,696,543. Appendix C provides the detail and the backup materials
for this estimate. Rounding this value up to the nearest $1,000, in keeping with existing
practice, would result in an increase in the bond to cover these costs of $4,697,000. This
would raise the entire bond amount to $10,423,000.

Table 5 Cost Estimate Summary

Description Rost

Mill Decommissioning $765,224

Existing Impoundment Reclamation $2,511,658

Soil Cleanup, Mill and Existing Impoundment $1,573,890

Environmental Monitoring $250,000

Long-Term Surveillance Fee $625,000

Subtotal $5,725,771

First New Impoundment Reclamation $4,696,543

Total $10,422,314

Kennecott Uranium Company

p:J1001231newpage~vol9_2.wpd

Revision 1

16
Shepherd Miller, Inc.

April 19, 1999





I-

-- rRU••

,8H
A

o2E

*2K

o2J

,21

*2H

*2G"

,2F (

D H ..3F s3G e3H

,4F

,4G

,4H

o41

e4J

.4K -

e7K ,7J =71 *7H e
7G

13

1k,-ir
/J

/ \\6E
//\F

//6F\

*6D TO Sw5G

°4E*5D

I
s5E

.6G \\

.6H

,61 - -

,5F

05G
.6J

*6K ,5H

LEGEND
SCALE IN FEET

= = =ROAD
I0
0 1500'-x- FENCE

BUILDING CONTOUR INTERVAL = 2 FT.

FIGURE 8
SWEETWATER URANIUM PROJECT

WELL LOCATIONS

Date: APRIL 1999

Project: 100123

File: SURVEY-01 .DWG



Kennecott Sweetwater Facility
Existing Impoundment Reclamation Cost Estimate

Mill Area and Existing Impoundment Decommissioning Cost Estimate

SUMMARY SHEET

Mill Area Decommissioning (sheet1)

Mill Area Decom
Shop/Office Area
Contingency (15%)

Subtotal

Existing Impoundment Decommissioning (sheet 2)

Impoundment Reclamation
Mob, dewater & regrade
Cover
Revegetation
Contingency (15%)

Subtotal

Soil Cleanup (sheet 3)

Soils
Scoping survey
PES
Soil removal
Rad. support
Verification survey

Evap. Pond Cleanup
Contingency (15%)

Environmental Monitoring
Long-Term Maint. Fee

$359,742
$305,670
$99,812

$765,224

$505,000
$1,629,250

$49,800
$327,608

$2,511,658

$72,000
$30,000
$193,600
$48,000
$720,000
$305,000
$205,290

$1,573,890

$250,000
$625,000

Total Cost $5,725,771

FINAL DESIGN
rev. 4/19/99P:\1 001 23\decomCOST3.xls



Kennecott Sweetwater Facility
Existing Impoundment Reclamation Cost Estimate

First New Impoundment Decommissioning (sheet 4)

Diversion Channel
Impoundment Reclamation

Mob, dewater & regrade
Cover
Riprap/Filter

Soil Cleanup
Contingency (15%)

$2,142,500

$300,000
$0

$1,383,000
$258,450
$612,593

$4,696,543Subtotal

FINAL DESIGN
rev. 4/19/99P:\1 001 23\decomCOST3.xls



SHEET 1 Mill Area Decommissioning

Information source: Bond evaluation letter from
Wyoming DEQ, June 12,1991;
estimates made in September, 1991

Mill Dismantling
Topsoil/Overburden Cover
Revegetation

Mill Total

9/90 Cost

200,000
80,560
10,000

290,560

Shop/Office Dismantlir
Topsoil/Overburden C
Revegetation

Ig 125,000
ver 98,386

23,500
Shop Total 246,886

1/99 Cost

247,620
99,741
12,381

359,742

154,763
121,812
29,095
305,670

$665,412
$99,812

Subtotal
Contingency (15%)

TOTAL

$537,446
$80,617

$618,063 $765,224

NOTE: Inflation Adjustment Constant = 1.2381

CPI - all urban consumers
U.S. all items

Sept. 1990 = 132.7
Jan 1999 = 164.3

164.3/132.7 = 1.2381

FINAL DESIGN
rev. 4/19/99P:\100123\decomCOST3.xls



SHEET 2 Existing Impoundment Reclamation

Existing Impoundment Summary

Mob/Demob (3)
Dewatering (4)
Tailings Regrading (5)

Cover Placement (6)
Revegetation (7)

Subtotal
Contingency (15%)

TOTAL

$100,000
$100,000
$305,000

Subtotal $505,000

$1,629,250
$49,800

Subtotal $1,679,050

$2,184,050
$327,608

$2,511,658

NOTES:
1. Evaporation Ponds to be built with construction of first new tailings impoundment.

2. Diversion channel to be constructed with reclamation of first new impoundment.

3. $90,000 used in 9/90 estimate.

4. Well completion, pumps, and pumping cost for the configuration of wells in the plan
(5 primary wells, 5 secondary wells).

5. Tailings volume = 305,000 yd 3. Unit cost = $1.00/yd 3 based on engineering
experience for region (short haul, no compaction/moisture specs). Surface would
slope to the southeast at 1%.

6. Volume required = 1,464,000 yd 3

Cover Costs:
Move embankments (a)
Cover topsoil (b)
Place overburden fill (c)
Margin topsoil (d)

Volume (yd3)
1,263,000
108,000
93,000
92,000

Rate
1.00
1.25
1.25
1.25

Cost
1,263,000
135,000
116,250
115,000

TOTAL $1,629,250

(a) Move at $1.00/yd 3, based on engineering experience, short haul, limited CQA.

ANC Gas Hills reclamation performed in 1996 at approx. $0.75/yd3 .

FINAL DESIGN
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0 SHEET 2 (con't)

(b) Place 1.5 feet of topsoil at the top of the cover; area = 44.8 ac = 1,950,000 ft2.

Topsoil volume in cover = 1,950,000 x 1.5 x 1/27 = 108,000 yd3. Unit cost for

topsoil = $1.25/yd 3 (note: in DEQ bond review in 1991, $1.00/yd 3 was used.

Accounting for inflation, $1.25/yd 3 is appropriate. This .is consistent with

above-referenced engineering experience. Haul is still short, but a little more
effort is involved to grub the stockpiles and spread in thin layer with elevation

control. ANC Gas Hills reclamation performed in 1996 at approx. $0.75/yd 3 .

(c) Remaining cover requirement = 1,464,000 - 1,263,000 - 108,000 = 93,000 yd3 .

7. Revegetation is for 83 acres @ $600/acre. DEQ used $500/acre in 1991 which is adjusted
to $600/acre for inflation

FINAL DESIGN
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SHEET.3 Soil Cleanup

Cost Summary

Scoping Survey (1)
PES (2)
Soil Cleanup (2)
Radiological Support (2)
Verification Survey (2)
Evap Pond Cleanup (3)

Subtotal
Contingency (15%)

TOTAL

$72,000
$30,000

$193,600
$48,000

$720,000
$305,000

$1,368,600
$205,290

$1,573,890

NOTES:
1. Areas requiring cleanup, 160 acres: mill area (10 ac); ore pad (50 ac); tails cell

perimeter (100 ac). Areas of the lands shaded in grey in Drawing 1, Volume VI
is 88 ac. Scoping area: assume 50% more land = 240 acres. Assumed cleanup
depth = 6 inches.

2. Individual costs:

Scoping surveys and correlation, 50m x 50m
Contaminated soils removal (removal depth = 6 in.)
Radiological support during removal
Verification survey
Performance evaluation survey (PES)

Area or Unit Total
Volume Rate cost
240 ac 300 72,000

129,067 yd3  1.5 193,600
160 ac 300 48,000
160 ac 4500 720,000

-- -- 30,000

3. Evaporation pond cleanup area = 8 cells x 1Oac/cell = 80 acres = 3,484,800 ft3.

Assume $0.10/ft2 for sludge removal, liner dismantling, and disposal; cost = $305,000.

FINAL DESIGN
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SHEET 4 New Impoundment Reclamation

Cost Summary:

Diversion Channel (1) $2,142,500
Impoundment (2) $300,000
Radon Cover (3) $0
Riprap/filter (4) $1,383,000
Soil cleanup (5) $258,450

Subtotal $4,083,950
Contingency (15%) $612,593

TOTAL $4,696,543

NOTES:
1. Diversion channel volume 1,714,000 yd 3. Cost per cubic yard - $1.25 based on

engineering experience for region (short haul, no compaction/moisture specs).
(Diversion channel material will be used as radon cover material).

2. Mob/demob and dewatering costs = $100,000 each (see sheet 2). Tailings contouring =

100,000 yd 3 @ $1.00/yd 3 (assuming minor shaping).

3. Radon barrier material cost paid for in channel excavation. Cover volume equal to

1,355,200 yd 3 (40 acres x 21 feet thick)

4. Riprap calculation:

Surface riprap:
Area = 40 acres
Layer thickness = 4 inches
Volume = 40ac x 43560ft2/ac x 0.333ft x 1yd 3/27ft3 = 21,51 lyd3

Unit cost = $35/yd 3

Cost = 21,500 x 35 = $752,500

Side slope riprap/filter:
Riprap/filter area: typical length x width = 180 ft x 1450 ft
Layer thicknesses = 6 inches

Volume = 180ft x 1450ft x 0.5 ft x (2 sides per impoundment) x 1 yd 3/27 ft3

= 9,667 yd 3

Riprap unit cost = $40/yd3

Filter unit cost = $25/yd 3

Riprap cost = 9,700 x 40 = $388,000
Riprap cost = 9,700 x 25 = $242,500

FINAL DESIGN
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SHEET 4 (con't)

5. Soil cleanup based on 40 acres, 6-inch depth, scoping survey over 60 acres.

Scoping survey
Soil cleanup (removal depth = 6 in.)
Radiological support
Verification survey

Area or
Volume
60 ac

32,300 yd 3

40 ac
40 ac

Unit
Rate
300
1.5
300

4500

total

18,000
48,450
12,000

180,000

Subtotal
Contingency (15%)

TOTAL

$258,450
$38,768

$297,218
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