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Response to TR RAIs dated May 19,2010

I. Process and Restoration

TR RAI-P&R-1
Further define the vertical location of ore bodies proposed for uranium recovery.

Background: Exhibit 3.2-1 of the Technical Report Supplement provided the vertical locations of ore
bodies proposed for uranium recovery. For several of the ore bodies, NRC staff was unable to identify
whether the ore body proposed for uranium recovery is contained in the Fall River aquifer or Chilson
aquifer. For those where the aquifer was identifiable, staff was also unable to determine the scaled
vertical location of each ore body proposed for uranium recovery within its respective aquifer. Staff
compared the ore body labels in Exhibit 3.2-1 to sub-strata labels illustrated in the "Typical Log"
provided in Plate 2.6-1 of the Technical Report. Staff found that one of the ore bodies was labeled as
being in the Fuson Shale. The location of proposed ore bodies for uranium recovery is necessary for
staff to assess the manner in which the DeweyBurdock operations will be protective of human health
and the environment.

Needed: Please re-evaluate and revise Exhibit 3.2.1 to clearly indicate the aquifer (e.g., Fall River or
Lakota) that contains each ore body proposedfor uranium recovery. For each wellfield, illustrate the
scaled vertical position of each ore body proposed for uranium recovery within the aquifer that
contains it.

Response: TR RAI-P&R-1 (TR Section 2.7.2.2.5)
Exhibit 3.2-1 of the Technical Report Supplement provided the aerial distribution of total uranium

resources within the Dewey-Burdock permit boundary. This exhibit presented a plan-view illustration of

ore bodies which were designated by their containing stratigraphic interval (i.e., L1-L8 and F11-F13)

throughout the Dewey-Burdock Project area. Powertech (USA) has redrawn this configuration of ore

bodies to show only those that are the subject to the intent of this permit application. This was done by

eliminating all Fall River ore bodies in the Burdock area because these resources were present in

unsaturated host sandstones. In addition, all ore bodies closer than 1600 feet to the project boundary

were also eliminated from the application.

The result of this reclassification is shown in the TR Exhibit 2.7-1 in TR RAI response December 2010,

Proposed Well Fields. This plan-view illustration of the project ore bodies was simplified to show all Fall

River ore bodies in "green" and all Chilson ore bodies in "blue". For this response, and because of the

reclassification of project-wide resources, Exhibit 3.2-1 was not revised and NRC staff is, instead,

referred to TR Exhibit 2.7-1.

To illustrate the scaled vertical location of each ore body proposed for uranium recovery within its

respective aquifer, cross sections were developed through each identified mine unit shown in TR Exhibit

2.7-1. These cross sections also present a detailed interpretation of the aquifers that contain the ore

bodies. This interpretation will be enhanced by future delineation drilling with well field areas. Across

the project area, clay within the Fuson Member of the Lakota Formation acts as a confining unit to
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separate Fall River aquifers from Chilson aquifers. In addition, there are interbedded clay beds within

both the Fall River and Chilson sandstones that are sufficiently continuous as to further subdivide the

Fall River and Chilson into discreet, mapable channel sandstone packages (i.e., Upper Fall River, Lower

Fall River, Upper Chilson, etc.). These channel sands act as individual aquifers and often contain

multiple ore bodies. For example, the Lower Fall River sand channel contains the F13, F12 and F1l ore

bodies. These nine cross sections are presented in TR Exhibits 2.7-la-lj in TR RAI response December

2010. An index map showing the locations of these cross sections is on Exhibit 2.7-1. This exhibit also

shows the locations of all proposed well fields within the PAA.

In this RAI, NRC staff had questions concerning the ore body designations provided in Plate 2.6-1 of the

Technical Report. The "Typical Log" illustrated in Plate 2.6-1 is a single, good quality drill hole log, with

the purpose of presenting the overall, general stratigraphy of the entire Dewey-Burdock permit area.

This log does not precisely represent the stratigraphy at any given point across the project, however, it

provides a representative example of the vertical position of the multiple ore bodies relative to the

overall stratigraphic sequence. It is important to note that these "sub-strata labels" identify individual

oxidation/ reduction roll fronts that contain ore bodies - not sand units. For example, on Plate 2.6-1,

this drill hole log shows good sand development in the lowermost portion of the Chilson sandstone

interval and the presence of an Li ore body. At this location, the lower Chilson sandstone, immediately

above the Li ore body, is not sufficiently developed as to contain any uranium deposit. In other

locations within the Dewey-Burdock Project, where facies changes within the lower Chilson interval

have resulted in more extensive sand development, L2A ore bodies have been observed within this

stratigraphic interval.

With respect to NRC staff's question about an ore body within the Fuson Shale, there are no ore bodies

within this shale unit. The fluvial depositional environment of the Inyan Kara Group results in thickness

variations within both shales and sandstones. While the thickness of the Fuson in the location of the

above mentioned Typical Log is 60 feet, across the project area, the thickness of this unit varies from 20-

80 feet. In locations where the Fuson contains less shale, due to facies changes, there is a

corresponding presence of more sandstone within this unit interval. The representative Typical Log

simply identifies stratigraphic positions within the Lakota Formation (i.e., L8, L7, etc.) where an ore body

has been identified at some location within the project boundary. Certainly the ore bodies only develop

in the sandstone facies where oxidizing solutions create roll fronts. There are no uranium resources

identified within the Fuson Shale and there will be no mining within this unit.

To better illustrate site-specific fluvial stratigraphy, representative Type Logs have been developed for

the portions of the Dewey-Burdock Project where initial production is proposed. Type Logs for the

Burdock Well Field I and Dewey Well Field I are illustrated in TR Figure 2.7-12 and TR Figure 2.7-13 and

show a detailed view of the Fall River and Chilson aquifers, along with a scaled vertical position of each

ore body proposed for uranium recovery. The locations of these Type Logs, along with the location of
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the Typical Log from Plate 2.6-1 are shown on TR Exhibit 2.7-1. These Type Logs, due to the changing

fluvial depositional environment of the Inyan Kara Group, illustrate distinct differences in lithology of

the Fall River Formation, Fuson Member and Chilson Member between the Dewey and Burdock portions

of the project area.

For reference purposes only, Inyan Kara sand channel designations from USGS Professional Paper 763

are also displayed on these Type Logs. These "Gott" sand channels are based entirely from surface

mapping of the entire Southern Black Hills region and may not apply specifically to the Dewey-Burdock

project area. Project-related subsurface stratigraphy of the Inyan Kara Group sediments have been

based on the interpretation of electric logs from historic drilling - not the "Gott" surface geology

terminology.

A brief description of these two Type Logs follows:

Figure 2.7-12, Type Log, Dewey Well Field I - This Type Log shows an interbedded shale separating

Upper and Lower Fall River channels. The Upper Fall River channel has poor sand development and no

uranium ore bodies. The Lower Fall River channel is well developed and contains the F13, F12 and Fll

ore bodies within Dewey Well Field I. A 50-foot thickness for the Fuson Member is maintained

throughout the well field area. This well field is developed entirely within the Lower Fall River sand

channel, but it is also important to have an understanding of the underlying stratigraphy. Upper Chilson

and Middle Chilson sand channels are divided by a consistent interbedded clay unit. There is good sand

development and uranium resources within both the underlying Upper and Middle Chilson aquifers

beneath Dewey Well Field I, which are part of the Dewey Mine Unit Ill. The Lower Chilson sand channel

has pinched out and is not present beneath Dewey Well Field I.

Figure 2.7-13, Type Log, Burdock Well Field I - This Type Log shows a 30-foot thick interbedded clay unit

separating an Upper Fall River sand from a Lower Fall River sand. While this clay unit may be somewhat

thinner in other portions of Burdock Well Field I, it is consistently present. In fact, based on existing drill

hole information, this interbedded clay unit is present in all proposed mining units within the project

area, which would establish a consistent Upper and Lower Fall River sand channel throughout the

project. The Type Log shows a 65-foot thick Fuson Member, consisting primarily of claystone with some

minor siltstone. Within a portion of the well field, the Lower Fall River sand channel scours down into

the Fuson Member and replaces the shale. This is demonstrated by an increased thickness of the Fall

River and a corresponding thinning of the Fuson. However, a minimum thickness of 20 feet is

maintained and acts as an aquiclude. This Type Log also shows interbedded clays dividing the Chilson

Member into three separate sands. The clay unit separating the Upper and Middle Chilson sands is

consistently present throughout this well field and all other mine units within the project. One L7 ore

body is present within the Upper Chilson sand channel. There are no well-developed sands and no ore

bodies within the Middle Chilson sand channel in this well field. The interbedded clay unit separating
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the Middle and Lower Chilson sand channels is interpreted to be present throughout the Burdock Well

Field I. However, in some portions of the overall Burdock area, this interbedded clay pinches out and

the Middle and Lower sands come together into a single sand channel. In this well field, the Lower

Chilson sand channel contains the L1, L2, L3 and L4 ore bodies.
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TR RAI-P&R-2
Expand on the description of the inventory of economically significant mineral and energy-related
deposits and related activities.

Background: The Technical Report provided information regarding former mining in the area of the
Dewey-Burdock project. The Technical Report did not provide sufficient information concerning former

and active oil and gas wells potentially at or near the project. Additionally, the Technical Report did
not clearly indicate whether former or active underground mine workings are at or near the Dewey-
Burdock project. This information is necessary for staff to understand the potential impacts of the
operations on water resources.

Needed: Please provide sufficient information concerning former and active oil and gas wells
potentially at or near the Dewey-Burdock project and indicate whether there are any known
underground mine workings at or near the project.

Response: TR RAI-P&R-2 (TR Section 2.2.2)

TR Exhibit 2.2-1 shows the locations of all former and active oil and gas wells in the immediate vicinity of

the PAA. There are no such oil and gas wells within the project's AOR, however, there are three "dry" oil

and gas test holes that have been plugged and abandoned. Outside of the AOR and within 4-5 miles of

the project boundary, there are eight producing oil wells, five oil and gas test holes that have been

converted to water wells and one oil and gas well that has been converted to a salt water disposal well.

The injection horizon for this disposal well is the Minnelusa Formation.

TR Exhibit 2.2-1 also shows the locations of former underground uranium mines on and adjacent to the

PAA. The Freezeout Underground Mines 1 and 2 are shown outside the PAA, in Section 36, T6S, R1E

within the Black Hills National Forest. The Darrow Underground Mine is located in Section 2, T7S, RIE

within the PAA. There are also two small adits that tunneled a small distance into the sidewalls of the

old Darrow open pit operations. All these underground operations were within sandstones of the Fall

River Formation and have been inactive since the 1960s. None of these underground operations

penetrated the Fuson Shale Member of the Lakota Formation, so no communication pathways to

underlying Chilson sandstones were created.
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TR RAI-P&R-3
Expand seismic evaluation to include the seismic event north of Dewey, South Dakota.

Background: Figure 2.6-4 of the Technical Report illustrates the location of seismic events in the

region. The figure contains two maps. Within the map closest to the bottom of the figure, a seismic

event is shown to have occurred immediately north of the Dewey-Burdock project. The Technical

Report should include the above referenced seismic event in the evaluation of the seismicity in the

project region.

Needed: Please include the above-referenced seismic event in the seismicity evaluation.

Response: TR RAI-P&R-3 (TR Section 2.6.6.1.1.1)

Seismic Event North of Dewey, South Dakota

The list provided in Appendix 2.6-G contains date of the event in question, other information included

within the list are the origin time, latitude and longitude and the magnitude of this quake. The quake in

question occurred 8.5 miles from the center of the Dewey-Burdock property and occurred on 05

January, 2004 at a reported 2.8 Richter Scale magnitude or modified Mercalli intensity of I (South

Dakota Geologic Survey Map "Earthquakes in South Dakota, 1872 - 2007" and South Dakota

Department of Environment & Natural Resources, www.sdgs.usd.edu/other/faq.html. Accessed on 03

August, 2010; page updated on 29 October, 2009).
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TR RAI-P&R-4

Provide data and structure map for the top of the Morrison Formation.

Background: Section 2.7.2.2.16 of the Technical Report states "over 95 percent of exploration holes

never penetrated deeper than the lower Lakota and upper Morrison. " The application provided limited

infonmation concerning the locations, data (e.g., geophysical logs), and associated evaluation for the

five percent of the exploratory test holes that penetrate through the Lakota Formation. The applicant

also did not provide a structure map of the top of the Morrison Formation. This information is

necessary for staff to understand the potential impacts of the operations on water resources.

Needed: Please provide locations and documentation for exploratory test holes that penetrate

through the Lakota Formation and provide a structure map of the top of the Morrison Formation.

Response: TR RAI-P&R-4 (TR Section 2.7.2.2.16)
Very few of the exploration holes that were drilled to evaluate the Lakota Formation were continued the

additional 100 feet required to penetrate the entire Morrison Formation. Powertech (USA) drilled eight

holes through the Morrison Formation for the following reasons: 1) one exploration drill hole, 2) 5 water

wells completed into the Sundance/Unkpapa, and 3) 2 water wells that were drilled to the Unkpapa but

were plugged back and completed in the Inyan Kara. Our records indicate that 12 historic TVA

exploration holes penetrated the Morrison Formation. The following table provides location data on

these 20 penetrations.
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Morrison Formation Known Drill Hole Locations

_ Hole No. Easting Northing Elevation

1 DRM11 1037607 438823 3770

2 DRJ90 1037602 438720 3762

3 FBR42 1038293 429778 3727

4 FBR43 1038034 429832 3724

5 TRR2 1034430 439921 3715

6 FBR31 1038131 433097 3800

7 RONA81 1033459 429385 3688

8 PM159 1032551 433100 3651

9 DWT48 1025864 444053 3702

10 DWT49 1025235 442634 3661

11 ELT14 1017626 444849 3617

12 DWT40 1022610 445875 3681

13 DB07-11-31 1038312 429998 3731

14 DB07-11-16C 1035139 429992 3698

15 DB08-11-18 1035133 429986 3700

16 DB08-32-12 1022352 439368 3590

17 DB08-32-11 1020339 443666 3627

18 DB08-5-1 1017626 444849 3629

19 DB08-1-7 1042271 434137 3913

20 DB09-21-1 1028628 453319 3822

State Plane Coordinate System

Many exploration holes targeting the Chilson sands of the Lakota Formation did bottom in the Morrison

Formation. Based on these exploration holes, a structure contour map to the top of the Morrison

(RAIER Exhibit WR-6.1) was developed for a response to a similar ER RAI.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Tpc'hnic~l R~nnrt •lhmittpd Auwid~ 11 ?NNn pans'. ~1
Technical Report Submitted Aupust 11 2009 Pnne 31



POWERTECh (USA) Inc. DEWEY BURDOCK TR RAI RESPONSE O&A Format I:ahr•Jnrt W111 1

TR RAI-P&R-5
Hydraulic connection between Fall River aquifer and the ground surface.

Background: The application did not sufficiently indicate if the unconfined Fall River groundwater zone

is hydraulically connected to the ground surface at or near the well fields Burdock II and IV. This

information is necessary for staff to understand the potential impacts of the operations on water

resources.

Needed: Please evaluate where the unconfined Fall River groundwater surface is hydraulically

connected to the ground surface at or near well fields (including the bottom of open mine pits).

Response: TR RAI-P&R-5
Refer to Response to ERRAI-WR-2 and Response to ERRAI-WR-3. Powertech (USA) has excluded ISR

operations in Fall River resources in Burdock II and IV.
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TR RAI-P&R-6
Confining capacity of Fuson Member in areas of unconfined Fall River and Chilson production.

Background: Within or near areas where the Fall River aquifer is unconfined and uranium recovery is

proposed within the Chilson Member, the Technical Report did not sufficiently indicate the Fuson

Shale's confining capacity (e.g., including the possible presence of Fuson permeable paleostream

deposits). This information is necessary for staff's understanding of the operation's hydraulic

containment of process fluids and to assess the manner in which the Dewey-Burdock operations will

be protective of human health and the environment.

Needed: Using exploratory test-hole data and other data, please expand the evaluation of Fuson Shale

confining capacity within or near the areas where the Fall River aquifer is unconfined and uranium

recovery is proposed within the Chilson Member.

Response: TR RAI-P&R-6
Refer to Responses to ERRAI WR-2 and ERRAI WR-3. Included in these responses is an isopach map

showing a minimum thickness of 20 feet of Fuson shale. Powertech (USA) has excluded ISR operations in

Fall River resources in Burdock II and IV, which includes areas where the Fall River aquifer is unconfined.
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TR RAI-P&R-7
Provide additional aquifer test information.

Background: The Technical Report provided limited data for the 11-day aquifer test previously

conducted by TVA in the Lakota aquifer in the Dewey area. The Technical Report also referenced a

paper entitled, "Hydrogeologic Investigations at Proposed Uranium Mine Near Dewey, South Dakota:

(Boggs, J. M., 1983). Submittal of TVA 's Dewey aquifer test report and the above-referenced paper are

requested for staff to understand the potential impacts of the operations on water resources.

Needed: Please provide the TVA 's Dewey aquifer test report and the above-referenced paper.

Response: TR RAI-P&R-7 (Appendix 2.7-K)
The requested report titled "Hydrogeologic Investigations at Proposed Uranium Mine near Dewey,

South Dakota, "(Boggs, J.M., 1983) is provided in Appendix 2.7-K submitted within the TR_RAI Response

package.
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TR RAI-P&R-8
Cross sections with geophysical log results.

Cross sections with geophysical log results are requested for the southwestern corner of well field

Dewey Ill and the eastern portion of well field Burdock Ill. Although a cross section of well field Dewey

II was provided in Plate 2.6-12 of the Technical Report, staff requests that the cross section be revised

to include geophysical log results. Additionally, staff requests the revision of the cross sections for well

fields Dewey II and Il/ to include logs from all test holes that penetrated through the Lakoto

Formation. This information is requested for staff to understand the potential impacts of the

operations on water resources.

Needed: Please provide the above referenced cross sections with geophysical log results.

Response: TR RAI-P&R-8
This RAI requests information on Dewey Mine Unit II, Dewey Mine Unit III and Burdock Mine Unit Ill. In

order to respond to this RAI, Powertech (USA) feels an explanation of terms is in order. In the TR

Supplement, Exhibit 3.1-4 - Future Mine Units, the location of areas that will contain future mine units

were identified. Many of these future mine units (i.e., Dewey Mine Unit III, Burdock Mine Unit V, etc.)

will have multiple well fields situated within both Fall River and Chilson sands. Future mine unit areas

are not necessarily synonymous with individual well field areas. The referenced cross section J-i', from

Plate 2.6-12 of the Technical Report, is a north-south section through the Dewey Area and illustrates

subsurface geology in an area corresponding to Dewey Mine Units I and II.

The cross sections developed across all future mine units, as a response to TR RAI P&R-1, contain

geophysical logs and provide information required to address this RAI. The Dewey Mine Unit II, as

shown on the TR Supplement, Exhibit 3.1-4, no longer exists. A Revised Future Mine Units Map

(Supplement Exhibit 3.1.4) was prepared for responses to ER RAIs to allow for a buffer between

resources to be mined and the permit boundary. The purpose of this buffer is to provide area for an

aquifer exemption boundary and monitor well rings. In the process of applying this new mine unit

boundary to the resources in the northern portion of the Dewey area, the minable resources were

reduced to the point where they no longer appeared to be economical. For this permit application,

future mine unit Dewey II has been removed and no mining is currently planned in the northern portion

of the Dewey area.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-P&R-9
Clarify plugging and abandonment of all exploration holes.

Background: Section 5. 7.1.3 of the Technical Report states "Effluent controls for preventing migration

of recovery solutions to overlying and underlying aquifers consist of plugging and abandonment of all

exploration holes.... " NRC staff was unsure if this statement includes the former exploration holes that

may not have been plugged or plugged properly.

Needed: Please clarify if the above-referenced quote refers to former exploration holes at or

near production zones.

Response: TR RAI-P&R-9 (TR Section 5.7.1.3)
Effluent controls for preventing migration of recovery solutions to overlying and underlying aquifers

includes:

Plugging and abandonment of all (historical or recent) exploration holes that may have potential to

interfere with operations and/or restoration activities, as determined by the pump tests to be

conducted after operational wells are drilled.

Question and Answer Response to the U.S. NRC's Request for Additional Information

Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-P&R-10
Clarify the exact number and locations of wells.

Background: Staff is uncertain of the total number of wells within 2 kilometers of the project area and

whether or not the 26 abandoned wells are a subset of the total. Additionally, NRC staff is uncertain of

the number of livestock or domestic wells. The Technical Report Supplement indicated that the

applicant has the right to replace three Inyan Kara stock wells (ID#s 17, 49, and 628) prior to initiation

of operations. These wells are located within the proposed aquifer exemption area and would be

replaced with water wells that are not completed within the proposed zones of operations. Staff notes

that there is a fourth well (#61) within the aquifer exemption area and in the middle of the Burdock

Well field #1. The staff is unsure of the status of this well. Additionally, the application did not clarify

the procedure to replace any nearby well.

Needed: Please provide a table listing the well ID, location, coordinates, and aquifer for each of the

following groups within and near the license area: livestock wells, domestic wells, wells with other

uses, and wells with unknown uses. Please clarify that the lease agreement applies to all wells within

the licensed area and those procedures that will be used to relocate and/or monitor any impacts. If a

well is to be replaced, please provide the staff with an example of a proposed location.

Response: TR RAI-P&R-1O
The well information has been formatted as requested (by use category) and updated; this information

is presented in TR_RAI Table P&R-10 below (see table footnote for definintion of status). Number of

known wells within the combined area of the AOR and PAA total 133. Well ID 61 status is currently

being used for a stock well and is located within the Lakota aquifer. The procedure for replacement of

wells is discussed in the Hydrology response section of the RAI (dated May 28, 2010) document

specifically in response to TRRAI-2.7-13(a). Note: The term "Abandoned" to denote a use category for

wells listed in the TRAppendix 2.2-A, has been changed to a recognized use category such as Plugged

and Abandoned, Domestic, Stock or Monitoring. Powertech (USA) used identical water well provisions in

lease agreements with all land owners. Typically, wells that are to be replaced will be relocated to a

deeper aquifer not within the exempted aquifer.

TR RAI-P&R-1O Table: Well Information for the 133 Wells within the AOR and PAA of the Dewey-Burdock Proposed Project

HydrolD SDStNAD27_X SDStNAD27_Y Aquifer Well Use Status

40 1013415.346 447182.479 Inyan Kara Domestic NIU

703 1041621.331 434333.8466 Sundance Domestic NIU

7 1033303.803 422416.5989 Fall River Domestic IU

2 1026723.769 423922.3154 Lakota Domestic IU

18 1022811.793 428959.767 Fall River Domestic IU

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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13 1028359.948 438469.8485 Lakota Domestic IU

4002 1013414.27 446931.4894 Inyan Kara Domestic IU

96 1011629.945 451853.2213 Lakota Domestic IU

115 1017697.249 457640.2935 Lakota Domestic IU

107 1017018.156 458158.0845 Fall River Domestic IU

138 1017537.353 459030.1485 Fall River Domestic IU

109 1020800.761 459624.8194 Lakota Domestic IU

43 1031122.687 439435.6473 Lakota Domestic NIU

704 1020965.765 436647.1385 Inyan Kara Domestic and IU
stock

638 1038269.039 437976.1978 Fall River Monitor NIU

658 1031234.092 426398.134 Lakota Monitor TBD

646 1031247.543 426408.5951 Fall River Monitor TBD

694 1028717.157 426835.7392 Fall River Monitor TBD

696 1028687.291 426946.1107 Lakota Monitor TBD

672 1030632.075 427480.0017 Fall River Monitor TBD

673 1030628.398 427511.2578 Fuson Monitor TBD
Shale

674 1030554.854 427513.0965 Lakota Monitor TBD

671 1031016.371 427870.059 Fall River Monitor TBD

669 1031005.354 427909.7202 Lakota Monitor TBD

670 1031064.845 427936.1609 Fuson Monitor TBD
Shale

664 1030634.318 428337.8486 Fall River Monitor TBD

663 1030658.63 428345.6136 Lakota Monitor TBD

605 1031814.362 428483.6888 Inyan Kara Monitor TBD

666 1033128.336 428870.4223 Lakota Monitor TBD

665 1033153.033 428901.2936 Fall River Monitor TBD

662 1035381.452 428928.0354 Unknown Monitor TBD

684 1035187.894 429745.4246 Lakota Monitor TBD

686 1034966.394 429751.4249 Lakota Monitor TBD

690 1035113.145 429970.666 Sundance Monitor TBD

688 1035026.789 429974.0291 Fall River Monitor TBD

692 1035067.878 429999.1042 Lakota Monitor TBD

637 1038074.885 430320.1736 Unknown Monitor TBD

660 1031822.021 431029.7556 Lakota Monitor TBD

659 1031875.51 431048.4765 Fall River Monitor TBD

682 1035136.439 431259.1665 Lakota Monitor TBD

678 1026522.329 431925.2786 Alluvium Monitor TBD

661 1040976.531 431970.3561 Lakota Monitor TBD

3026 1043638.22 432832.7602 Lakota Monitor TBD

677 1023526.745 434076.7574 Alluvium Monitor TBD

698 1035908.712 435650.5539 Fall River Monitor TBD

695 1022384.64 439311.9302 Fall River Monitor TBD

Question and Answer Response to the U.S. NRC's Request for Additional Information
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697 1022349.64 439346.7801 Lakota Monitor TBD

676 1030846.054 439891.0583 Alluvium Monitor TBD

685 1020686.735 443414.7441 Fall River Monitor TBD

693 1020328.587 443666.5417 Sundance Monitor TBD

691 1020366.063 443706.2157 Fall River Monitor TBD

687 1020077.667 443729.9234 Fall River Monitor TBD

689 1020316.258 443788.5193 Lakota Monitor TBD

683 1020209.145 446107.3078 Fall River Monitor TBD

679 1032294.334 446244.7314 Alluvium Monitor TBD

609 1021734.534 447807.5724 Lakota Monitor TBD

610 1021599.254 447968.8198 Fall River Monitor TBD

616 1022135.266 453141.2578 Lakota Monitor TBD

617 1021028.704 453585.733 Lakota Monitor TBD

615 1022172.181 453707.9837 Lakota Monitor TBD

614 1022185.009 453769.2626 Fuson Monitor TBD
Shale

613 1022124.551 453774.8997 Fall River Monitor TBD

622 1022775.699 454032.8728 Fall River Monitor TBD

612 1021757.108 454133.3505 Lakota Monitor TBD

623 1022669.277 454299.4787 Lakota Monitor TBD

436 1021602.832 454435.6334 Fall River Monitor TBD

657 1021636.936 454497.111 Lakota Monitor TBD

147 1020878.663 456566.2851 Lakota Monitor TBD

653 1030679.378 422486.796 Unknown P & A NIU

639 1045704.084 430721.5882 Unknown P&A NIU

652 1036359.683 434742.1525 Inyan Kara P&A NIU

655 1033453.837 443306.7453 Inyan Kara P&A NIU

654 1032371.943 443409.5899 Inyan Kara P & A NIU

502 1031989.61 446360.3538 Alluvium P & A NIU

621 1031930.296 446397.4054 Alluvium P & A NIU

634 1032501.551 440167.6868 Unknown P & A NIU

636 1034774.226 429981.9127 Unknown P & A NIU

10 1043556.444 427238.672 Lakota P & A NIU

39 1022915.677 448655.9078 Unknown P & A NIU

429 1023157.091 452952.7101 Lakota P & A NIU

431 1023157.091 452952.7101 Lakota P & A NIU

432 1023157.091 452952.7101 Lakota P & A NIU

433 1023157.091 452952.7101 Lakota P & A NIU

668 1031029.213 427449.9686 Inyan Kara Pump test TBD

680 1035077.56 429968.6768 Lakota Pump test TBD

681 1020329.599 443724.6609 Fall River Pump test TBD

611 1021836.764 453957.9874 Lakota Pump test TBD

645 1027681.088 427998.0455 Unknown Stock NIU
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606 1033712.842 428608.9489 Lakota Stock NIU

113 1046436.631 434416.8886 Unknown Stock NIU

41 1015385.104 442080.7853 Alluvium Stock NIU

640 1043010.319 427964.7101 Unknown Stock NIU

15 1035303.954 438316.8522 Lakota Stock NIU

116 1017991.613 458110.9714 Fall River Stock NIU

14 1033699.73 434722.9153 Lakota Stock NIU

3 1028593.377 421103.6661 Lakota Stock IU

9 1038003.452 421805.5831 Fall River Stock IU

7002 1033332.5 421930.5611 Lakota Stock lU

4 1032516.055 423080.3468 Unknown Stock IU

37 1044182.561 423947.2124 Unknown Stock IU

6 1037217.863 425012.1651 Unknown Stock IU

425 1034449.302 426207.5928 Lakota Stock IU

635 1035685.599 427130.4808 Sund ance Stock IU

5 1035181.406 427283.8659 Lakota Stock IU

642 1042925.942 428041.6327 Unknown Stock IU

510 1042932.763 428177.7818 Lakota Stock IU

114 1045410.431 428653.5014 Sundance Stock IU

1 1027696.216 429227.3992 Lakota Stock IU

61 1036831.791 429987.0296 Lakota Stock IU

506 1050129 430703.6952 Sundance Stock IU

17 1040223.165 431328.716 Fall River Stock IU

51 1027411.447 431486.5373 Lakota Stock IU

650 1043939.546 433014.3542 Lakota Stock IU

12 1026977.915 434378.0457 Lakota Stock IU

16 1041428.464 434446.4 Lakota Stock IU

618 1038073.632 435906.2372 Unknown Stock IU

42 1021144.124 436480.8961 Fall River Stock IU

619 1034866.071 436728.841 Lakota Stock IU

656 1014229.658 442000.2759 Unknown Stock IU

38 1024328.053 442288.97 Lakota Stock IU

620 1033951.267 443209.4505 Lakota Stock IU

49 1018931.904 444022.1394 Fall River Stock IU

631 1034334.926 448992.4622 Fall River Stock IU

628 1022654.12 449401.8714 Inyan Kara Stock IU

270 1014108.25 451942.4937 Inyan Kara Stock IU

220 1017872.434 452334.36 Unknown Stock IU

48 1015294.765 453036.5831 Lakota Stock IU

112 1027864.205 455880.8369 Fall River Stock IU

111 1022074.496 459586.2253 Fall River Stock IU

106 1018098.899 459624.8113 Unknown Stock IU

Question and Answer Response to the U.S. NRC's Request for Additional Information
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Status Column:
P&A=Plugged and Abandoned
IU=in use
NIU= not in use
TBD=to be determined
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Dewey-Burdock Uranium Project-Source Material License Application
Technical Rpnnrt Suhmittpd August 11 2nnq Dn,,Al



POWERTeCh (uSA) Inc. DEWEY BURDOCK TR RAI RESPONSE O&A Format rpshrlinr 2nl 1

TR RAI-P&R-11
Details of the applicant's pumping test for independent review.

Background: The applicant provided the calculated drawdown for the pumping tests, but did not

include any groundwater elevations for that time period. This information is necessary for staff to

conduct an independent review of the potential impacts of the operations on water resources.

Needed: Please provide groundwater elevations for the pumping test data.

Response: TR RAI-P&R-11

Please note that groundwater elevations for the pumping tests were provided in Tables 4.2 and 5.2 of

the pumping test report (i.e. Appendix 2.7-B of the TR, Knight Piesold, 2008b). The groundwater

elevations are provided under the table columns headed: (1) "Approximate Groundwater Elevation (ft

amsl)" and (2) "Minimum Pumping Groundwater Elevation (ft amsl)". However, to more clearly present

the information requested, the pumping test data in Appendices B (for the Dewey test) and C (for the

Burdock test) have been augmented with an additional column for each well entitled "Elevation (ft

amsl)" adjacent to the associated time and drawdown value. The groundwater elevation is calculated by

subtracting drawdown values from the initial groundwater elevations provided in Tables 4.2 and 5.2 of

the pumping test report. The updated tables: Revised Tables B.2-1, B.3-1, C.2-1, and C.3-1 are provided

below.

The value of 3,529 ft amsl reported in Table 5.2, Knight Piesold, 2008b should be changed to 3,571 ft

amsl). The average depth to groundwater at DB-07-11-11C is reported as 3,662 ft amsl (TR Appendix

2.7-A). This depth has been used to calculate the groundwater elevations in Revised Tables C.2-1 and

C.3-1.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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Revised Table B.2-1"
Time and Water Level Data Values Used in Pumping Test Analysis Dewey Test, Drawdtwn Data

32-3C 3643.9 GW -49 r 3652 - - 7 1 3 .3 132,4C 1 2 r 41 2 3626.3
Time (days) Drawdoen if) Elevation (if) Time (days) Drawown (it) ElevaTon (it)ime (days' Orawdown (ift) Elevation (if) Time (days) JDrawdown if) ti me 3days LDrawdon (Ii! Elevatioe Itl Time da i 'raveon (iJIEevation (fti

U. LUJU1L"
0.000023
0.000035O.OOO(•
0.000046

0.00058
0.000069
0.000081
0.000093
0.030104
0.000116
.000127

0.000139
0000150
0000162
0000174
0000185
0.000197
0.000208
0.000200
0.000231
O 000243
0. 0O255
0. 000266
0.000278
0.000289
0000301
0.000312
0.000324
0.000336
0000347
0.000359
0.000370
0.000382
0000394
0.000417
0000451
0000463
0.000486
0.000498
0.000521
0.000532
0000556

0.000625

0 000660
0 00694
0000729
0000764
0000799
0.000833
0.000903

16.362759
19.161989
19.948912
20.355066
21.017374
21.402758
21.651989
22.035067
22.071989
22.016603
22.381220
22.337374
22.618912
22.508142
22.847374
22.914297
22.99M981
22.893528
93.131220
23.131220
23.271988
23.121988
23.101219
23.934296
24.737373
25.408913
26.036604
27.222757
27.725836
28.452759
29.391989
30.266603
30.670450
30.815834
30.891989
29.811989
28.955835
27.504297
26.318142
25.127373
24.181219
23.816505
24.716604
26.325066
28.007374
29479681
29 885836
30118912
29.791220
29.622759
29.613527

302i.5
3,624.7
3,624.0
3,623.5
3,622.9
3,622.5
3,622.2
3,621.9
3,621.8
3.621.9
3,621.5
3,621.6
3,621.3
3,621.4
3,621.1
3,621.0
3,620.9
3,621.0
3,620.8
3.620.8
3,620.6
3,620.8
3,620.8
3,620.0
3,619.2
3,618.5
3,617.9
3,616.7
3,616.2
3,615.4
3,614.5
3,613.6
3,613.2
3,613.1
3,613.0
3,614.1
3,614.9
3,616.4
3,617.6
3,618.8
3,619.7
3,620.1
3,619.2
3,617.6
3,615.9
3,614.4
3,614.0
3,6138
3,614.1
3,614.3
3,614.3

U.ULJU12
0.000023
0.000035
0.000046
0.000058
0.030069
0.000981
0.030093
0.000104

.0030116
0.000127
0.000139
0 020150
0000162
0.1000174
0.000185
0.000197
0.000208
O.00220
0.000231
0.OO0243
0.000255
0.000266
0.000278
0.000289
0.000301
0.000312
0.000324
0.020336
0.000347
0.030359
0.000370.
0.000382
0.000394
0 000405
0.000417
0.000451
0 000463
0.000486
0.000498
0.D0521
0.000532
0.000556
0.000590
0000625
0.000660
00003694
0.000729
0.000764
0.000799
00O0833

-U.UUi32
-0.001406
0.007825
-0.001406
0.035517
-0.012944
-0.008329
-0.036021
0.007825
0.014748
-0.006021
-0.001406
-0038329
0.005517
-0.019867
-0.008329
-0.017559
-0.029098
-0.003713
0.010133
-0.012944
0.017056
0.005517
-0.022175
-0.026790
0.007825
-0.001406
-0.022175
-0.008329
-0.029098
0.017056
-0.017559
-0.012944
-0.038329
-0.010636
-0.006021
0.000902
-0.017559
0.000902
0.014748
0.012441
-0.019567
0.010133
0.042441
0.007825
-0.022175
-0017559
0.005517
-0.012944
0.010133
-0.008329

3,652.U
3,652.0
3.652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,6520
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3.652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0

U.UL.Ui2
0.000023
0.000035
0.009046
0.000058
0.00069
0.000081
0.000093
0.000104
0.000116
0.000127
0.000139
0000150
0.000162
0.000174
0.000165
0.000197
0.000208
0.000220
0.000231
0.000243
0.000255
0.000266
0.000278
0.000289
0.003301
0.003312
0.000324
0.000336
0.000347
0.000359
0.000370
0.000382
0.000394
0.000417
0.000451
0.000463
0.000486
0.000498
0.000521
0.00532
0.000556
0.000590
0.002625
0.000660
0.00694
0.000729
0.000764
0.000799
0.000833
0.00090

UU457IZ
-0.000681
0.029319
-0.023758
0.013165
-0.012220
0052395
0.057011
0001626
-0.028374
-0.000681
-0.005297
0.045472
0.OO6242
-0.021451
-0.026066
0.024703
0003934
0(020088
0. 006242
-0.014528
0.031626
0.038549
0.006242
-0.032989
-0.009912
0.020088
0020038

-0.021451
0.010857
0006242
-0.005297
0013165
-0.000681
0015472
-0.035297
0.057011
-0.014528
-0.003681
0.017780
-0.007605
0033934
-0.014528
0.003934
0.010857
-0.019143
0010857
0045472
0020058
-0.012220
-0.026066

3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.2
3,659.3
3,659.3
3,659.3
3.659.3
36593
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3.659.3
3.659.3

3.659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.2
3,659.3
3,659.3
3,659.3
3,659.3
3.659.3
3.659.3
3.659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659,3

0.000023
0.000035
0.000046
0.000058
0.000069
0.000081
0.000093
0.000104
0.000116
0.000127
0.000139
0.000150
0.000162
0.000174
0.000185
0.000197
0.000208
0.000220
0.000231
0.000243
00.30255
0.000266
0.000278
0.000289
0.000301
0.000312
0.000324
0.000336
0.000347
0.000359
0.000370
0.000382
0.000394
0.000417
0.000451
0.000463
0.000486
0.000498
0.000521
0.000532
0.000556
0.000590
0.000625
0.000660
0.000694
0.000729
0.00764
0.000799
0.000833
0.000903

-U.UUZZ0I
0004715
0.007023
0.009331
0.007023
0.002.408
0013946
0.002408
0.016254
0.000100
0.000100
0.009331
0 029331
0007023
0.011639
-4.004515
0.60100
0.013946
0.013946
0.013946
0.011639
0.004715
0.023177
0.009331
0.007023
0009331
0.002408
0.013946
-0.004515
0007023
0002408
-0.002208
0013946
0.004715
0.009331
0013946
0.010100
0.002408
-0.002208
0.007023
0.011639
0.013946
-0.002208
0.011639
0O07023
0011639
0016254
00(10100
-0.004515
0.0010100
0.007023

3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,6440
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,6440
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0

U U5.UUA
0.000012
0.000023
0.000035
0.(00046
0000058
0.000069
0.0001381
0.000393
0.000104
0.000116
0.000127
0000139
0.000150
0.000162
0000174
0.000185
0.000197
0.000208
0.000220
0.000231
0.000243
0.000255
0.000266
0.000278
0.000289
0.000301
0.000312
0.000324
0.000336
0.000347
0.000359
0.000370
0.000382
0.000394
0.000417
0.000451
0.000463
0.000486
0.000498
0.000521
0.000532
0.000556
0.000590
0.000625
0000660
0.000694
0.000729
0.000764
0.000799
0.000833

-U.U4L5 10
-0.022831
0.000246
0.002553
0.000246
0004861
-0.011293
-0.020523
0.004861
40.015908
0.000246
-0.032062
0.002553
0021015
-0.001985
0.014092
-0.018216
0.016400
-0.013600
0.018707
0.023323
-0.004370
-0.0O2062
-0.011293
0.009477
0.057938
-0.008985
-0.018216
0.009477
-0.002062
-0.011293
0000246
0.000246
0.025630
0.000246
-0.006677
0048707
0.016400
0.000246
-0.027447
0.016400
-0.004370
0.002553
0.016400
0000246
-0002062
-0.029754
-0.018216
0.034861
0.039477
0.021015

3,641.U
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0

3,640.9
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0
3,641.0

3,641 0
3,641.0
3,641.0

u.001taf1l
000023
0000035
0000048
0.003058
0.000069
0.000081
0.000093
0000104
0.000116
0.000127
00(30139
0000150
0.000162
0.000174
0.000185
0.000197
0.000208
0.00220
0OO0231
0.000243
0.003255
0000266
0.00(278
0.00209
0.000301
0.000312
0.000324
0.000336
0.000347
0.000359
0.000370
0.000382
0000394
0.000417
0.000451
00O0463
0.000486
0.003498
0 000521
03000532
0000556
0.00M50
0.0(;625
0000660
0090694
00000729
0000764
0.000799
0000833
0000903

-U.U02Y343
0.027834
0.034757
-0.009089
0.011680
0.009372
0.023219
0.013988
-0002166
0.037065
0.013988
-0.006781
-0.004474
-0018320
0018603
0.000142
0.013988
0.000142
0.002449
-0.013704
0.011680
-0011397
0011680
-0.002166
0.009372
-0.009089
0.002449
-0.013704
-0.016012
-0.043704
0.037065
-0.004474
0.018603
0002449
-0004474
0.030142
-0.022935
-0.013704
-0.011397
-0025243
-0.004474
-0.029858
-0.048320
-0.020628
0.013988
0.011680
0.023219
0000142
0020911
0.025526
-0.018320

3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,6226.3
3,6263
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626 3
3,6263
3,626 3
3,626.3
3,626.3
3,626.3
3,626 3
3,626.3
3,6263
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626 3
3,626.3
3,626 3
3,6263
3,626 3
3,626.3
3,626.3
3,626.3
3,6263
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Revised Table B.2-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test Drawdown Data

32-3C 3643.9 GW-49 3652 129-7 36593 2.43 364410 2-5 5 3641.0 132-9C r 3626.3
Time(days) [Drawdown (ftt Ijevation (ft) ITime(days) JDrawdown (ft) j0evation (ft) Time (days) jDrawdown (ft) JElevation (ft) Time (days) IDrawdown (ft) levation (ft) Time (days) Drawdow• (ft) [Eevation (ft) iime (days) IDrawdown (ft) IElevation (

O.OO0972
0001042
0.001111
0.001181
0.001250
D001319
0.001389
0.001493
0.001597
0.061701
0.001806
0001944
0002083
06.52222
0.002361
0.002500
0.002639
0.052778
0602951
0603125
0653299
0003472
0.003704
0.653935
0.004167
0004398
06.54630
0.004861
06.55208
(0655556
0.005503
0006250
0.006597
0006944
0.007292
0007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0015972
0.017014
0.018056
0.019444

29.675835
29.874296
29.814297
29.823526
29.851219
29.989681
30.010450
30.190451
30.144297
30.280451
30.506603
30.497374
30.527374
30.758142
30.873528
31.071989
30.954296
31.159681
31.143528
31.323526
31.420450
31.475836
31.637373
31.695066
31.757374
31.796604
32.068913
32.0366D6
32.232758
32.179680
32.373528
32 382759
32.398911
32.641220
32.781990
32.922756
32.874298
32.980450
33.077374
33061218
33.261990
33.460449
33.536606
33.552757
33.728142
33.753529
34.346603
34.362759
34.570450
34.745834
34.872757

3,614.2
3,614.0
3,614.1
3,614.1
3,614.0
3,613.9
3,613.9
3,613.7
3,613.8
3,613.6
3,613.4
3,613.4
3,613.4
3,613.1
3,613.0
3612.8
3.612.9
3612.7
3,612.8
3,612.6
3,612.5
3,612.4
3,612.3
3,612.2
3,612.1
3,612.1
3,611.8
3,611.9
3.611.7
3,611.7
3,611.5
3,611.5
3,611.5
3,611.3
3,611.1
3.611.0
3,611.0
3,610.9
3.610.8
3,610.8
3610.6
3,610.4
3,610.4
3,610.3
3,610.2
3,610.1
3,609.6
3,609.5
3,609.3
3,609.2
3,609.0

0.000903
0.000972
0.001042
0.001111
0.001181
0.001250
0001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.002222
0.002361
0.002500
0.002639
0.002778
0.002951
0.003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0.006250
0.006597
0.006944
0.007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056

-0.022175
0.021671
0.023979
0.012441
0.010133
-0015252
-0.040636
0.007825
0.014748
-0.019867
-0.022175
-0.026790
0.060902
0.007825
-0.029098
0.007825
-0.008329
0.014748
0.000902
-0.022175
-0.006021
0.003210
-0.0066021
0.010133
0.007825
-0.019867
0.005517
0.000902
0.000902
-0.008329
-0.006021
-0.015252
-0015252
0.007825
-0.029098
-0.033713
-0.015252
0.019364
0.019364
0.030902
-0.006021
-0.012944
-0.022175
-0.036021
-0.017559
0.000902
-0.015252
0.007825
-0.012944
-0008329
0.040133

3.652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,651.9
3,652.0
3,652.0
3,652.0
3.652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,552.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3,652.0
3.652.0
3,652.0
3,652.0
3.652.0
3,652.0

0.000972
0.001042
0.001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.002222
0.002361
0.002500
06.2639
0.002778
0.002951
0.003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.0065556
0.005903
0.006250
0.006597
0.006944
0.007292
0.657639
0.097986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056
0.019444

-0.005297
-0.028374
-0.014528
-0.005297
-0.030681
0.027011
-0.056066
0.001626
-0.032989
-0.012220
-0.000681
-0 035297
-0.014528
0.031626
-0.009912
0.015472
-0.012220
-0.012220
0.024703
-0.026066
0.006242
-0.005297
0.015472
-0.005297
0050338
-0.000681
0.010857
0.010857
0017780
0.043165
-0.0122-0
-0014528
-0021451
0008549
-0.009912
-0.002989
-0.000681
-0.026066
0022395
0.010857
0.010857
-0.007605
0.047780
0.010857
0006242
0.045472
-0.000681
0.015472
0.001626
0.024703
0.013165

3,659.3
3,659.3
3.659.3
3,659.3
3,659.3
3,659.3
3,659.4
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.2
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3.659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659 3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3.659.3
3,659.3
3,659.3
3,659.3

0.000972
0.001042
0.001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.0022-2
0.002361
0.002500
0.002639
0.002778
0.002951
0.003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0.006250
0006597
0.006944
10007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056
0.019444

0.030100
0.004715
0.011639
0.013946
0.011639
0.016254
0.002408
0.016254
0.023177
0.016254
0.030100
0041639
0.030160
0.037023
0.039331
0.055485
0.050889
0.048562
0.067023
0.071639
0.081889
0.080889
0.099331
0.103946
0.143177
0.133946
0.143177
0.166254
0.187023
0.196254
0.221639
0.244715
0 260869
0.283946
0.309331
0309331
0.339331
0.371639
0.401639
0.436254
0480100
0.521639
0.558562
0.581639
0611639
0.657792
0699331
0747792
0.796254
0.844715
0.911639

3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,644.0
3,643.9
3.643.9
3,644.0
3,643.9
3,643.9
3,643.9
3.643.9
3,643.9
3,643.9
3,643.9
3,643.9
3,643.9
3,643.8
3,643.8
3,643.8
3,643.8
3,643.8
3.643.7
3,643.7
3.643.7
3,643.7
3,643.7
3,643.6
3,643.6
3,643.6
3,643.5
3,643.5
3,643.4
3,643.4
3,643.4
3,643.3
3,643.3
3,643.3
3,643.2
3,643.2
3.643.1

0.000903
0.000972
0.001042
0.001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0001806
0.001944
0.002083
0.002222
0.002361
0.002500
0.002639
0.002778
0.002951
0.003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0006250
0.006597
0.006944
0.007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.015•00
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056

-0.008985
0025630
0.067169
0.069477
0.090246
0076400
0.131784
0.152553
0.180246
0203323
0.274861
0.291015
0.330246
0.411015
0.452553
0.494092
0.512553
0.581784
0.595630
0.713323
0.701784
0.761784
0.791784
0.872553
0.916400
0.983323
1.011015
1.119477
1.158707
1.204861
1.304092
1.357169
1421784
1.530246
1.534861
1.567169
1.645630
1.714861
1.728707
1.876400
1.954861
2.024092
2.079477
2.178707
2.277938
2.317169
2.361015
2.499476
2.568707
2.637938
2.734861

3,641.0
3,641.0
3,640.9
3,640.9
3,6409
3,640 9
3,640.9
3,6408
3,640.8
3,640.8
3,640.7
3,6407
3,640 7
3,640.6
3,640.5
3,640.5
3,640.5
3,640.4
3,640.4
3,640.3
3,640.3
3,640.2
3,640.2
3,640.1
3,640.1
3,640.0
3,640.0
3,639.9
3,639.8
3,639.8
3,639.7
3,639.6
3,639•
3,639.5
3,639.5
3,639.4
3,639.4
3,639.3
3,639.3
3,639.1
3,639.0
3,639.0
3,638.9
3,638.8
3,638.7
3,638.7
3,638.6
3,638.5
3,638.4
3,638.4
3,638.3

0.000972
0.001042
0.001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.002222
0.002361
0.002500
0.002639
0.002778
0.002951
0003125
0.003299
0.003472
0.003704
0.003935
0004167
0.004398
0004630
0.004861
0.005208
0.005556
0.005903
0.006250
0.006597
0.006944
0.007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056
0.019444

0.020911
-0.016012
0.018603
0.018603
-0.013704
0064757
-0.041397
-0.025243
-0.025243
-0.032166
0.013988
-0.004474
-0.041397
-0.029858
-0.016012
-0.009089
-0.022935
-0.009089
-0013704
-0.025243
-0.052935
-0.004474
0.009372
-0.046012
-0.013704
-0004474
-0.092166
-0.006781
-0032166
0.030142
0.041680
0.000142
0.023219
0.048603
0.041680
0.080911
0.083219
0.055526
0.090142
0.073988
0.099372
0.133988
0.145526
0.131680
0.166296
0.187065
0.196296
0.267834
0.288603
0.353219
0.392449

3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.2
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626.3
3,626 3
3,626.3
3.626.4
3,626.3
3,626.3
3,626.3
3,626.3
3,6263
3,626.4
3.626.3
3.626.3
3,626.3
3,626.3
3,626 3
3,626 3
3,626.3
3,626.3
3R626.2
3,626.2
3,626.2
3,626.2
3,626.2
3.626.2
3,626.2
3.626.2
3,626.2
3,626 1
3.626.1
3,626 1
3,626.0
3.626.0
3.625.9
3,625.9
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Revised Table B.2-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test Drawdown Data

S3643.9 49 352 7 3659.3 1436440 32-5 3641.0 32-9C 3626.3
Time ý(days Drawdown (fftEtevation (61 ays) days) Dr'wdown (61 Elevation (6t 'me (days) Drawdown (ft)tElevabon (It) ime (days) IDrwdown (ft)lElevaton (ftljTime _das) JDraedown (f) LEevation ft)ime (day)s Drawown (ftt4Bevation (t

0.020833
0022222
0023611
0.025000
0.026389
0.027778
0.029514
0.031250
0032986
0.034722
0.037037
0.039352
(0.41667
0.043981
0.0462%6
0.048611
0.052083
0.055556
0.059028
(0.625O0
0.065972
0.069444
0.072917
0076389
0.079861
0.083368
0.090312
0.097257
0.104201
0.111147
0.118091
0.125035
0.131979
0.138924
0.149340
0.159757
0170174
0.180590
0.194479
0.208368
0.222257
0.236146
0.250035
0.263924
0.277812
0.295174
0.312535
0.329896
0.347257
0.370405
0.393553

34.8i2757
35.14%681
35.149681
35.355064
35.320450
35.645836
35.567375
35.5B8142
35680450
35.735336
35.950451
35.978142
35.952759
36.153526
36.012756
36.144295
36.488144
36.432758
36.527374
36.478912
36.508911
36.560452
36.688911
36.806602
36.647373
36.778912
37.895836
37.900452
38.121990
36.013527
38 108143
38.172756
38.331989
38.493526
38484295
38.350449
38.484295
36.627373
38.631989
38.811989
38.763527
38.920452
38.839680
36.9068913
39.130451
39.375065
39.265065
39.349682
389.538914
39.342758
39.598911

3,09.0
3,608.8
3:608.8
3608.5
3X80.6
3,'3O8.3

3,608.3
3,608.3
3,08.2
3,608.2
3,607.9
3,607.9
3,607.9
3,607.7
3,607.9
3,607.8
3,A07.4
3,607.5
3,607.4
3,607.4
3,607.4
3,607.3
3,607.2
3,607.1
3,607.3
3,607.1
39606.0
3,606.0
3.605.8
3905.9
3,6056
3,605.7
3,605.6
3605.4
3,605.4
3,605.5
3,605.4
3,605.3
3,05.3
3,605.1
3,605.1
3605.0
3605.1
3,605.0
3,604.8
3,604.5
3,604.6
3,604.6
3,604.4
3,604.6
3,604.3

0.019444
0.020833
0 022222
0.023611
0.025010
0.026389
0 0227778
0.029514
0032150
0.032986
0.034722
D 037037
0.029352
0.041667
0.043981
0 046296
0.048611
0052083
0055556
0059028
0962500

0.055972
0.069444
0.072917
0.076389
0.079861
0.83449
0.090394
0097338
0.104282
0111227
0.118171
0.125116
0.132060
0139005
0.149421
0.159628
0.170255
0.180671
0.194560
0.208449
0222338
0.236227
0.250116
0264005
0.277894
0295255
0.312616
0 329977
0347338
0370486

0.051611
0026287
0030902)
0.049364
0.053979
0.053979
0.077056
0.083979
0 134748
0.100133
0.141671
0.125517
0.164748
0.201671
0.208594
0 247825
0289364
0.303210
0.402441
0.471671
0.476287
0.584746
0.573210
0.653979
0716287
0711671
0.771671
0. 799M64
0.972441
1.080902
1.159364
1.307056
1.327825
1.413210
1.533210
1.637056
1.747825
1.881671
1.976287
2.096287
2.267056
2.336287
2465518
2.583210
2.652441
2.781671
2.931671
3.000902
3.118594
3.263979
3.407056

3,651.9
3,6520
3,652 0
3,652.0
3,651.9
3,651.9
3,651.9
3,651.9
3,651 9
3,651.9
3,651.9
3,651.9
3,651.8
3,651 8
3,651.8
3,651.8
3,651.7
3,651.7
3,651.6
3,651.5
3,651.5
3,651.4
3,651.4
3,651.3
3,651 3
3,651.3
3,651.2
3,651.2
3,651.0
3,650.9
3,6508
3.650.7
3.650.7
3,650.6
3,650.5
3,650.4
3,650.3
3,650.1
3,650.0
3,649.9
3,649.7
3,649.7
3,649.5
3,649.4
3,649.3
3,649.2
3,649.1
3,649.0
3,648.9
3.648.7
3,648.6

0.020833
0022222
0023611
002509
0.026389
0.027778
0.029514
0.031250
0032986
0.034722
0.037037
0.039352
0.041667
0.043981
0.046296
0.048611
0.052013
0.055556
0.059028
0.062500
0.065972
0.069444
0.073021
0 076493
0.079965
0.083438
0.090382
0.097326
0.104271
0.111215
0118190
0.125104
0.132049
0.138993
0 149410
0.150826
0.170243
0.180660
0.194549
0.208437
0.222326
0.236215
0.250104
0.263993
0.277882
0.2•%243
0.312604
0.329965
0.347326
0.370475
0.393623

o0o8549
-0.012220
-0.012220
0020088
0.010857
0.027011
-0.026066
0.036242
0.036242
-0.014528
-0.016835
0.024703
0.01626
0.006242
0.001626
0.010857
-0.021451
-0.016835
0.033934
-0.090681
40.009681
0.015472
0.059319
0.057011
0.033934
0.070857
0.084703
0.084703
-0.090681
0.050088
0.057011
0.047780
09068549
0.077780
0.075472
0.022395
0.082395
0.031626
0.061626
0.070857
0.103165
0.054703
0.057011
0.027011
0.066242
0.073165
0.036242
0.073165
0093024
09683934
0.064703

3,659.3
3,659.3
3,659.3
3,659 3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.3
3,659.2
3,659 2
3,659.3
3,659.2
3,659.2
3,659.2
3.659.4
3,659.2
3,659.2
3,659.3
3,659.2
3.659.2
3,659.2
3,659.3
3,659.2
3,659.3
3,659.2
3,659.2
3,659.2
3,659.2
3,659.2
3.659.3
3.659.2
3.659.2
3,659.3
3,659.2
3,659.2
3,659.2
3.659.2

0.020W33
0.022222
0.023611
0025000
0.0226389
0.027778
0.029514
0.031250
0.032986
0.034722
0.037037
0.039352
0.041667
0.043981
0.046296
0.048611
0.052083
0.055556
0.059028
0.062500
0.065972
0.069444
0.072917
0.076389
0.079861
0.083449
0.090394
0.097338
0.104282
0.111227
0.118171
0.125116
0.132060
0.139005
0.149421
0.159838
0.170255
0.180671
0.194560
0.208449
0.22338
0236227
0.250116
0.264005
0.277894
0.295256
0.312616
0.329977
0.347338
0.370486
0.393634

0.961023
1.022408
1.066254
1123946
1.156254
1.204715
1.285485
1.315485
1.363946
1.42-3946
1.481639
1.532408
1.587792
1.645485
1.696254
1.735485
1.827792
1.887792
1.940869
2.003177
2.052254
2.107023
2.157792
2.231638
2.273177
2.317023
2.409331
2.510M89
2.598562
2.687792
2.743946
2.815485
2.860100
2.949331
3.032408
3.110869
3.198562
3.265485
3.364715
3.452408
3.540100
3.572408
3.6897023
3.784715
3.853946
3.950869
4.045485
4.133177
4.211638
4.331638
4.442408

3,643.0
3.6430
3.6429
3,642 9
3,642.8
3,642.8
3,642.7
3,6427
3,6426
3,642.6
3,6425
3,6425
3,642.4
3,642.4
3,642.3
3.6423
3,642.2
3,642.1
3,642.1
3,6420
3,641 9
3,641.9
3,641.8
3,641.8
3,641 7
3,641.7
3.641 6
3,641.5
3,641.4
3,641.3
3,641 3
3,641.2
3,641.1
3,6411
3,641 0
3,640 9
3.6408
3,640.7
3,640.6
3.640.5
3,6405
3,640.4
3,640.3
3,6402
3,640 1
3,6400
3.640 0
3,639.9
3.6398
3.639.7
3.639.6

0.019444
0.A0233
0.022222
0.023611
0.025000
0.026389
0027778
0.029514
0.031250
0.032986
0.034722
0.037037
0.039352
0.041667
0.043981
0.046296
0.048611
0.052083
0.055556
0.059028
0.062500
0.065972
0.069444
0.072917
0.076389
0.079031
0.083403
0.090347
0.097292
0.104236
0.111181
0.118125
0.125069
0.132014
0.138958
0.149375
0.159792
0.170208
0.180625
0.194514
0.208403
0.222292
0.236181
0.250069
0.263958
0.277847
0.295208
0.312569
0.329031
0.347292
0.370440

2.866707
2961015
3.037169
3113323
3.194092
3.256400
3. 300246
3.408707
3.482553
3.544861
3.607169
3713323
3.897938
3.863323
3.953323
4.015630
4.061784
4. 200246
4.253323
4.368707
4.426400
4.481784
4.548707
4.647938
4.650246
4.777169
4.867169
4.936399
5.116400
5.215631
5340246
5.411784
5.5248691
5.566400
5633323
5794861
5875630
5.907938
6.007169
6221784
0,184861
6.406400
6.473323
6.581784
6.655631
6.711015
6.893322
6.967169
7.056400
7.179477
7.308707

3,633.1
3,6380
3,638.0
3,637.9
3,637.6
3,637.7
3,637.7
3,637.6
3,637.5
3,637.5
3,637.4
3,637.3
3,637.2
3,637.1
3,637.0
3,637.0
3,636.9
3,636.8
3,636.7
3,636.6
3,636.6
3,636.5
3636.5
3,636.4
3,6363
3,636.2
3,636.2
3,636.1
3.635.9
3,635.8
3,6357
3635.6
3,635.5
3,635.4
3,6354
3,635.2
3,635.1
3.635.1
3,635.0
3,634.8
3,634.8
3,634.6
3,634.5
3,634.4
3,634.3
3.634.3
3,634.1
3,634.0
3,633.9
3,633.8
3,633.7

00 29833
0.022222
0023611
00250=0
0.026389
0.027778
0029514
0.031250
0.032986
0034722
0.037037
0.039352
0.041667
0043981
0.046296
0.048611
0.052083
0.055556
0.059028
0.062500
0.065972
0.069444
0.072917
0.076389
0.079965
0.083438
0.090382
0.097326
0.104271
0.111215
0118160
0.125104
0.132049
0.138993
0.149410
0.159826
0.170243
0180660
0.194549
0208437
0.222326
0236215
0.250104
0.263993
0.277882
0.295243
0312604
0.329965
0.347326
0.370475
0.393623

0.411834
0.487065
0.549372
0.600142
0.553988
0.556296
0.616296
0.623219
0.690142
0.745526
0.784757
0.863219
0.8655-6
0.605911
0.960142
0.999372
1.O916890
1.147065
1.24398M
1.315526
1.313219
1.324757
1.382449
1.474757
1.564757
1.513988
1.66M802
1,68988
1.843988
1.990603
1931680
2.077065
2. 139373
2.210911
2.416296
2.510911
2.476295
2.713988
2.843219
2.877834
2.986295
3.247065
3.251680
3.427065
3.463988
3.683219
3 747&34
3.883988
4.006296
4.140141
4.333988

3.625.9
3.625.8
3.625.8
3,625.7
3.6257
3,625.7
3,625.7
3,625.7
3,625 6
3,625.6
3,625.5
3,625.4
3,625.4
3,625.4
3,625.3
3.625.3
3.625.2
3,625.2
3,625.1
3,625.0
3,625.0
3,625.0
3,624.9
3,624 8
3,624.7
3,624.8
3,6246
3,624.6
3,624.5
3,624.3
3,624.4
3,624.2
3,624.2
3,624.1
3,6239
3.6238
3,623.8
3,623.6
3,623.5
3,623.4
3,623.3
3,623 1
3,623.0
3,622.9
3,6222.8
3,622.6
3,622.6
3,622.4
3,6223
3,622.2
3,622.0
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Revised Table B.2-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test, Drawdrwn Data

32-3C 36439 OW-49 3652 29-7 3659.3 32-4C 36440 32-5 3641.0 32-9C 3626.3
Time (days) Drawdown (It) Elevation ('t) 

T
ime (days) Tnawdown (It) Elevation (11) Time (days) Drawdown ('t) Elevation (ft) Time (days) trawdown (It) Elevation (It) Time (days) Drawdown (fi) Elevation (It) Time (days) Drawdown (It) Elevation (ft)

0.416701 39.898911 3,604.0 0393634 3.510902 3,648.5 0.416771 0.077780 3.659.2 0.416782 4.548562 3,639.5 0.393588 7.401015 3,633.6 0.416771 4.453988 3,621.8
0.439985 39.430450 3,64.5 0.416782 3.647056 3,648.4 0.440035 0(66242 3.659.2 0.440046 4.650100 3,639.3 0.416736 7.537169 3,633.5 0.440035 4.562449 3,621.7
0.462998 39.878143 3.604.0 0.440046 3.753210 3648.2 0.463067 0.061626 3,659.2 0.463079 4.765485 3,639.2 0.440000 7.645630 3,6334 0.463067 4.772449 3,621.5
0.486146 39.965836 3,603.9 0.463079 3.912441 3,648.1 0.486215 0.00088 3,659.2 0.486227 4.857792 3,639.1 0.463032 7.784092 3,633.2 0.4862215 4.832449 3,621.5
0.520868 40.173527 3,603.7 0.486227 4.004748 3,648.0 0.520938 0.084703 3,659.2 0.520949 4.970869 3,639.0 0.486181 7864861 3,633.1 0.520938 5.026298 3,621.3
0.555590 40.101990 3,603.8 0.520949 4.136287 3,647.9 0.555660 0.082395 3,659.2 0.555671 5.095485 3,638.9 0.520903 8.028708 3,633.0 0.555660 5.208603 3,621.1
0.590312 40.249680 3,603.7 0.555671 4.283979 3,647.7 0.59M382 0.114703 3.659.2 0.590394 5.213177 3,638.8 0.555625 8.107169 3,632.9 0.59(382 5.317065 3.621.0
0.625035 40.685837 3,603.2 0590394 4.424748 3,647.6 0.625104 0.114703 3,659.2 0.625116 5.337792 3,638.7 0590347 8.259477 3,632.7 0.625104 5.463219 3,620.8
0.659757 40.494297 3.6034 0.625116 4.523979 3,647.5 0.659826 0.114703 3.6592 0.659838 5.420869 3,638.6 0.625(69 8.423323 3,632.6 0.659826 5.653988 3,620.6
0.694479 40.639683 3,603.3 0659838 4.678595 3,647.3 0.694549 0.135472 3,659.2 0.694560 5 522408 3,638.5 0.659792 8.527169 3,632.5 0.694549 5.836298 3,620.5
0.79549 40.833527 3.6031 0.694560 4.768594 3,647.2 0.729618 0.123934 3,659.2 0.7298630 5.635485 3,638.4 0.694514 8.571015 3,632.4 0.729818 5.974757 3,620.3
0.763924 40.755066 3,603.1 0729630 4.826287 3,647.2 0.763993 0.147011 3,659.2 0.764005 5 70D100 3,6383 0729583 8.702554 3,632.3 0.763993 6.064757 3,620.2
0.798646 41.034298 38602.9 0.764(05 4.937056 3,647.1 0.798715 0.181626 3,659.1 0.798727 5.808562 3,638.2 0.763958 8.827166 3,632.2 0.798715 6.212450 3,620.1
0.833368 41.082760 3,602.8 0 798727 5.098594 3,646.9 0.833438 0.20088 3,659.1 0.833449 5.947023 3,638.1 0.798681 8.944861 3,632.1 0.833438 6.332449 3,620.0
0902814 41218910 36027 0.833449 5190902 3,646.8 0.902882 0.234703 3,659.1 0.902893 6.161639 3,637.8 0.833403 9.046400 3,6320 0902882 6.581680 3,619.7
0.972951 41.555836 3,602.3 0.902893 5.433210 3,646.6 0.973021 0.204703 3,659.1 0.973032 6307023 3,6377 0.902847 9.254092 3,631.7 0.973021 6.180911 3,619.5
1.041701 41.576603 3.6023 0.973032 5.627056 3,646.4 1.041771 0.276242 3,659.0 1.141782 6.487023 3,637.5 0.972986 9.424861 3,631.6 1.041771 6.907065 3,619.4
1.111146 41.629881 3.6023 1.041782 5.779364 3,6462 1 111215 0310657 3,6590 1.111227 6.620869 3,637.4 1.041736 9.572554 3,631.4 1 111215 7.170142 3,619.1
1.180590 41.911221 3.602.0 1.111227 5.890133 3,6461 1.180660 0.340857 3,659.0 1.180671 6.722408 3,637.3 1.111181 9.699476 3,631.3 1 1805660 7.343219 3,619.0
1.250035 41.809681 3,602.1 1.180671 6.007825 3,646.0 1.250104 0.391626 3,658.9 1.250116 6.844716 3,637.2 1.180625 9.821784 3631.2 1.250104 7.516295 3,618.8
1.319479 41.920452 3.6020 1.250116 6.148594 3,645.9 1.319549 0.417011 3,658.9 1.319560 7.010870 3,637.0 1.250069 10.041015 3,631.0 1.319549 7.650142 3.618.6
1.388924 42.229683 3,601.7 1.319560 6.298594 3,645.7 1.388993 0.430857 3,658.9 1.389005 7.167792 3,636.8 1.319514 10.024861 3,631.0 1.388993 7.786295 3.618.5
1.493090 42.545834 3.601.4 1.389005 6.467056 3,645.5 1.493160 0.463165 3,658.8 1.493171 7.389331 3,636.6 1.388958 10.255630 3,630.7 1.493160 8.090911 3,618.2
1.597257 42.432758 3.601.5 1.493171 6.704748 3,645.3 1.597326 0.557780 3,658.7 1.597338 7.60394M 3,636.4 1.493125 10.532554 3630.5 1.597326 8.335526 3,618.0
1.701424 42.813526 3,601.1 1.597338 6.898594 3,645.1 1.701493 0580857 3,6587 1.701505 7.7701(0 3.636.2 1.597292 10.733323 3,630.3 1701493 8.522449 3.617.8
1.805590 42.917374 3,601.0 1.701505 7.087825 3,644.9 1.805660 0627011 3,658.7 1.805671 7.989331 3.636.0 1.701458 10.841784 3,630.2 1.805660 8.739372 3.617.6
1.944479 44.018143 3,599.9 1.805671 7.272440 3,644.7 1.944549 0.735472 3,658.6 1.944560 8.307793 3,635.7 1.805625 11.028708 3,630.0 1.944549 9.013988 3,617.3
2.083368 44.029682 3,599.9 1.944560 7.604748 3,644.4 2.083437 0.830088 3,658.5 2.0&3449 8.510869 3,635.5 1.944514 11.467169 3,629.5 2.083437 9.277064 3,617.0
2.222257 44.138142 3,599.8 2.083449 7.805518 3,644.2 2.222326 0.87011 3,658.5 2.222338 86701(6 3,635.3 2.083403 11.667938 3,629.3 2.222326 9.452450 3,616.8
2361146 44.244297 3,599.7 2.222338 7.997056 3,644.0 2.361215 0.996242 3,658.3 2.361227 8845485 3.635.2 2.222292 11.787938 3,629.2 2.361215 9.558603 3,616.7
2560035 44.426605 3,599.5 2.361227 8.121672 3,643.9 2.500104 1.086242 3,658.2 2.500116 9.090100 3.634.9 2.361181 11.997938 3,629.0 2.5(0104 9.870142 3,616.4
2.638924 44.592758 3,599.3 2.500116 8.357056 3,643.6 2.638993 1.217780 3,658.1 2.639005 9.244716 3,634.8 2.500070 12.251784 3.628.7 2.638903 10.087065 3.616.2
2.777813 44.657372 3,599.2 2.639005 8.516287 3,643.5 2.777882 1.210857 3,658.1 2.777894 9.413177 3.634.6 2.638956 12.422553 3.628.6 2.777882 10.220911 3.616.1
2,951423 44.666603 3,599.2 2.777894 8.696287 3,643.3 2.951493 1.381626 3.657.9 2.951505 9.646254 3,634.4 2.777847 12.574862 3,628.4 2.951493 10.474757 3,615.8
3.083843 44.781990 3,599.1 2951505 8.933979 3,643.1 3.083843 1.480857 3,657.8 3.083843 9.766253 3.634.2 2.951458 12.708707 3,628.3 3.083843 10.599373 3.615.7

3.083843 9.033210 3,643.0 3.083843 12.953322 3628.0

General Methodology: PSI, temperature, and time readings from Wn-SituTM digital data log were exported to Excel ".csv file.
Drawdown was calculated as PSI at time after pimping minus average PSI before pum ping; therefore, at small or zero changes
in PSI negative drawdowns may be calculated
A FORTRAN program was written to read te ".csv" file and produce a second file by extracting the records at a frequency of 40
per log-time cycle (in minutes) in order achieve equal representation of data throughout the pumping and drawdown phases of the test.
Elevation (in It above mean sea level) based on initial groundwater elevation (see Table 4.2) minus drawdown.
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Revised Table B.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test, Recovery Data

3-f3C 3643.9 GW-49 1 3652 132-C 3644 O 32- 1 364100 9-sC 3626.3
Time (days) Drawdown 1i' Elevation (t) ITime (days) Drawdown (t) jElevation (ift) Time (days Drawdown (ft)LElevation (ft) j Time (dan) IDravdown (ft)jElevation (It) Time (da) I Drawdown (It)Elevation flt)
,j unjltoos
3.083877
3.083889
3083901
3 083912
3. 083924
3.083935
3.083947
3.083958
3.083970
3083982
3.083993
3 O84005
3.084016
3.084028
3.084039
3.084051
3.084063
3084074
3084086
3 084097
3.084109
3.084120
3.084132
3.084143
3 084155
3.084167
3.084178
3.084190
3084201
3084213
3084224
3 084236
3 084248
3 084271
3.084305
3084317
3.084340
3.084352
3. 084375
3084386
3084410
3.084444
3 084479
3084514
3.084549
3.084583
3.084618
3.084653
3.084688

42.1J.JJ11

41.493441
40.624881
39.645441
38712201
37.792M21
36.931191
36228951
35.328051
34.549581
33.812691
33.055011
32.371251
31.673631
30.980631
30.350801
29.723991
29.162661
28.545891
27.984561
27.448641
26.901171
26.367561
25.877841
25.432011
25.004661
24.496461
24.161511
23.711061
23.359941
22.955691
22.567611
22.262691
21.946221
21.320211
20.518641
20.299191
19.144121
19.626981
19.225041
19.079511
18739941
18.402681
18.125481
17.938371
17.758191
17.849621
17.520261
17.388591
17.256921

j,bUl .o
3,602.4
3,603.3
3,604.3
3,605.2
3,606.1
3,607.0
3,607.7
3,608.6
3,609.4
3,610.1
3,610.8
3,611.5
3,612.2
3,612.9
3,613.5
3,614.2
3,614.7
3,615.4
3,615.9
3,616.5
3,617.0
3,617.5
3,618.0
3,618.5
3,618.9
3,619.4
3,619.7
3,620.2
3,620.5
3,620.9
3,621.3
3,621.6
3,6220
3,622.6
3,623.4
3,623.6
3,624.1
3,624.3
3,624.7
3,624.8
3,625.2
3,625.5
3,625.8
3,626.0
3,626.1
3,626.3
3,626.4
3,626.5
3,626.6

.:i.U0J,.12

3.083877
3.083889
3.083901
3.083912
3.083924
3.083935
3.083947
3.083958
3083970
3.083981
3.083993
3.084005
3.084016
3.084028
3.084039
3.084051
3084062
3.084074
3.084086
3.084097
3.084109
3.084120
3.084132
3.084143
3084155
3.084167
3.084178
3.084190
3.084201
3.084213
3.084224
3.084236
3.084248
3.084259
3.084282
3.084317
3.084329
3.084352
3.084363
3.084387
3.084398
3.084421
3.084456
3.084491
3.084526
3.084560
3.084595
3.084630
3.084664

9.03551a
9.053979
9.042440
9.063210
9.148595
9.053979
9.058595
9060902
9.060902
9.028594
9056287
9.157825
9.042440
9.033210
9.049364
9.051671
9.083210
9.063210
9.051671
9.012441
9.047056
9.028594
9.056287
9.065517
9.051671
9.040133
9.132441
9.012441
9.051671
9.035518
9.063210
9.077056
9.042440
9047056
9.047056
9049364
9.067825
9.065517
9.044748
9.035518
9.023979
9 047056
9.141671
9.040133
9.063210
9.063210
9.125518
9.058595
9.033210
9.056137

3,643.U
3,642.9
3,643.0
3,642.9
3,642.9
3,642.9
3,642.9
3,642.9
3,642.9
3,643.0
3,642.9
3,642.8
3,643 0
3,643.0
3,643.0
3,642.9
3,642.9
3,642.9
3,642.9
3,643.0
3,643.0
3,643.0
3,642.9
3,642.9
3,642.9
3,643.0
3,642.9
3,643.0
3,642.9
3,643.0
3,642.9
3,642.9
3,643.0
3,643.0
3,643.0
3,643.0
3,642.9
3,642.9
3,643.0
3,643.0
3,643.0
3,643 0
3,642.9
3,643.0
3,642.9
3,642.9
3,642.9
3,642.9
3,643.0
3,642.9

3.083901
3.083912
3.983924
3.083935
3.083947
3.083958
3.083970
3.083981
3.083993
3.084005
3.084016
3084028
3.084039
3.084051
3.984062
3.084074
3.084086
3.084097
3.084109
3084120
3.084132
3.084143
3.084155
3.084167
3.084178
3.084190
3.084201
3 84213
3.084224
3.084236
3.084248
3.084259
3.084282
3.084317
3.084329
3.084352
3.084363
3.084387
3.084398
3.084421
3.084456
3.084491
3.084526
3.084560
3.084595
3.%84630
3.084664
3.084699
3.084769

U.fujuq34
9.766253
9.775485
9.770869
9.768561
9.759331
9.768561
9.768561
9.773177
9770869
9.775485
9.766253
9775485
9.768561
9.759331
9.770869
9.770869
9.766253
9.763947
9.770869
9.779869
9.775485
9.761639
9.773177
9.773177
9.773177
9.761639
9.775485
9.768561
9.757023
9.761639
9.768561
9.754716
9.766253
9.773177
9.766253
9.763947
9.759331
9.766253
9.775485
9.770869
9.766253
9.770869
9.766253
9.780100
9.757023
9.763947
9.761639
9.766253
9.766253

J,o I.Z

3,634.2
3.634.2
3.634.2
3,634.2
3,634.2
3,634.2
3,6342
3,634.2
3,634.2
3,6342
3,634.2
3,634.2
3.634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,6342
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,634.2

,j.uOJO050
3.083877
3.083889
3.083901
3.083912
3.083924
3.083935
3083947
3.083958
3.083970
3.083981
3.083993
3.084005
3.084016
3.084028
3.084039
3.084051
3.084062
3.084074
3.084086
3.084097
3084109
3.084120
3.084132
3.084143
3.084155
3.084167
3084178
3084190
3.084201
3.084213
3084224
3.084236
3084248
3.084259
3.084282
3.084317
3.084329
3.084352
3.084363
3084387
3.084398
3.084421
3.084456
3.084491
3084526
3.084560
3.084595
3.084630
3.084664

12.930245
12.925631
12.904861
12.907168
12.914092
12.909476
12.946409
12.918707
12.897938
12.895631
12.944092
12.946400
12.914092
12.955630
12.897938
12.914092
12.909476
12.921015
12.964861
12.939477
12. 909476
12.930245
12.891015
12.897938
12.934861
12.897938
12.897938
12.951015
12.91840
12.925631
12.930245
12.918707
12893323
12.893323
12.937169
12.900246
12.886399
12.895631
12.989476
12.930245
12.918707
12.925631
12.930245
12.914092
12.879477
12.932553
12.932553
12.925631
12.867938

3,o26. 1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.0
3,628.1
3,628.1
3,628.1
3,628.1
3,628.0
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.0
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1

3.083901
3.083912
3.083924
3083935
3.083947
3.083958
3.083970
3.083981
3.083993
3.084005
3.084016
3.084028
3.084039
3.084051
3.084062
3.084074
3.084086
3.084097
3.084109
3.084120
3.084132
3.084143
3.084155
3.084167
3.084178
3.084190
3.084201
3.084213
3.084224
3.084236
3.084248
3.084259
3.084282
3.084317
3.084329
3.084352
3.084363
3.084387
3.084398
3.084421
3084456
3.084491
3.084526
3.084560
3.084595
3.984830
3.084664
3.084699
3.084769

10.606296
10.603988
10.557834
10.585526
10.594757
10.615526
10.564757
10.567065
10.562449
10638603
10.583219
10.640911
10525526
10.594757
10.617834
10.668296
10.580911
10601680
10.599373
10.555527
10553219
10.562449
10606296
10.599373
10.599373
10590141
10.583219
10.578603
10.585526
10.585526
10.606296
10.583219
10.583219
10.597065
10.592449
10.601680
10.603988
10.622449
10.594757
10.564757
10.578603
10606296
10.583219
10.578603
10.599373
10.585526
10.567065
10.597065
10.601680
10.587834

3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,6158
3,615.7
3,615.7
3,615.6
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7.
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3.615.7
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Revised Table 8.3-1:
Time and Water Level Data Values Used in Pumping Test Aalysis Dewey Test, Recovery Data

32-3C 3643.9 GW-49 1 1 3652 132-4C 36440 f"2- 3641.0 2-9C 3626.3
Time (days) I Drawdown (tElevation(fl) ITime(days) IDrawdewn (ft) Elevation (ft) Time (days) Drawdown (ft)[Elevation (f) Time(days) {Drawdswn(ftt}I Bevation(ft) 4 Time(days) JDrawdownsft) Elevation(ft)

3 084757
3.084826
3.084896
3.084965
3.085035
3.085104
3.085173
3 085243
3.085347
3.085452
3.085556
3.085660
3.085798
3.085939
3.086076
3.086215
3 086354
3 086493
3.086632
3 086806
3.086979
3.087153
3.087327
3.087558
3 087789
3.088021
3.088252
3.088484
3088715
3 089062
3.089410
3.089757
3090104
3.090451
3.090799
3.091146
3.091493
3.091840
3.092187
3092882
3.093576
3.094271
3094965
3.095671
3.096354
3.097049
3.097743
3.098785
3.099826
3 100868

17.U35161
16.811091
16.531581
16.325991
16.078821
15.880161
15.803931
15519801
15348861
15.247221
15.161751
15.032391
14.916891
14.775981
14.782911
14.810631
14.764431
14.688201
14.623521
14.563461
14.586561
14.496471
14461821
14.415621
14350941
14.281641
14.244681
14.184621
14.205411
14.032161
14.025231
13.847361
12685431
12.315831
12.163371
12.066351
11.960091
12001671
11 782221
11.675961
11.574321
11.470371
11.331771
11375661
11.204721
11.160831
11103081
11001441
10.885941
10.761201

3,526.9
3,627.1
3,627.4
3,627.6
3,627.8
3,628.0
3,628.1
3,628 4
3,628 6
3,628.7
3,628.7
3,628.9
3,629.0
3,629.1
3,629.1
3,629.1
3,629.1
3,629.2
3,629.3
3,629.3
3,629.3
3,629.4
3,629.4
3,629.5
3,629.5
3,629.6
3,629 7
3,629.7
3,629 7
3,629.9
3,629 9
3,630 1
3,631 2
3,631.6
3,631.7
3,631.8
3,631.9
3,631.9
3,632.1
3,632.2
3,632 3
3,632 4
3,632 6
3,632.5
3,632 7
3,632 7
3,632 8
3,632 9
3,633.0
3,633.1

3.084699
3.084769
3.084838
3.084907
3.084977
3.085046
3.085116
3.085185
3.085255
3.085359
3.085463
3.085567
3.085671
3.085810
3.085961
3.086088
3.086227
3.086366
3.0865M5
3.086643
3.086817
3.086991
3.087164
3.087338
3.087570
3.087801
3.088032
3. 088264
3.088495
3.088727
3.089074
3089421
3.089768
3.090116
3.090463
3.090810
3.091157
3.091505
3.091852
3.092199
3.092893
3.093588
3.094282
3.094977
3.095683
3.096366
3.097060
3.097755
3.098796
3.099838

9.153210
9.077056
9.033210
9.021671
9042440
9.077056
9.053979
9.074748
9.056287
9.023979
9.033210
9.053979
9.056287
9.040133
9.040133
9.047056
9 021671
9.037826
9.104749
9.042440
9.049364
9.146287
9.058595
9.017056
9.049364
9.060902
9.030902
9.113979
9.044748
9.035518
9.060902
9051671
9042440
9.047056
9.040133
9.100133
9.060902
9.063210
9.058595
9.060902
9.042440
9.067825
9.072440
9.056287
9023979
9.056287
9.030902
9049364
9.148595
9.118594

3,642.8
3,642.9
3,643.0
3,643.0
3,643.0
3,642.9
3,642.9
3,642.9
3,642.9
3,643.0
3,643.0
3,642.9
3,642.9
3,643.0
3,643.0
3,643.0
3,643.0
3,643.0
3,642.9
3,643.0
3,643.0
3,642.9
3,642.9
3,643.0
3,643.0
3,642.9
3,643.0
3,642.9
3,643.0
3,643.0
3,642.9
3,642.9
3,643.0
3,643.0
3,643.0
3,642.9
3,642.9
3,642.9
3,642.9
3,642.9
3,643.0
3,642.9
3,642.9
3,642.9
3,643.0
3,642.9
3,643.0
3,643.0
3,642.9
3,642.9

3.084838
3.084907
3.084977
3.035046
3.085116
3.085185
3.085255
3.085359
3.085463
3.085567
3.085671
3.085810
3.085961
3.036088
3.086227
3.066366
3086505
3.086643
3.086817
3.086991
3.087164
3.087338
3.087570
3.087801
3.088032
3.088264
3.088495
3.088727
3.089074
3.089421
3.089768
3.090116
3.090463
3.090810
3.091157
3.091505
3.091852
3.092199
3.092893
3093588
3.094282
3.094977
3.095683
3096366
3.097060
3.097755
3.098796
3099838
3.100880
3.101921

9.770869
9.750100
9.754716
9.768561
9.770869
9.768561
9.770869
9.757023
9.752408
9.770869
9.752408
9.752408
9.747792
9.747792
9.740870
9.736254
9731639
9.729331
9.715485
9.703946
9.703946
9.687793
9.690100
9.667023
9662408
9.624608
9.639331
9.630100
9.600101
9.600101
9.570100
9.558561
9.535484
9.512407
9.500870
9.473177
9.459331
9.440869
9.413177
9.364716
9.337023
9.295485
9.256254
9.233177
9.189331
9.161638
9.108562
9.073946
9.013947
8.970100

3,634.2
3,634.2
3,634.2
3.634.2
3,634.2
3,634.2
3,634.2
3,634.2
3,6342
3,634.2
3,634.2
3,634.2
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.3
3,634.4
3,634.4
3,634.4
3,634.4
3,634.4
3,6344
3,6345
3,634.5
3,634.5
3,634.5
3,634.5
3,634.6
3,634.6
3,6346
3,634.7
3,634.7
3,634.7
3,634.8
3,634.8
3,634.8
3,634.9
3,634.9
3,635.0
3,6350

3.84699
3.084769
3.084838
3.084907
3.084977
3.085946
3.065116
3.085185
3085255
3.085359
3.085463
3.085567
3.085671
3.085810
3.085951
3.086088
3086237
3.086366
3.058505
3.086643
3.066817
3.086991
3.087164
3087338
3.087570
3.087801
3.088032
3.088264
3.086495
3.068727
3.089074
3089421
3.089768
3.090116
3.090463
3.0905810
3.091157
3.091595
3.091852
3092199
3.092893
3.093588
3.094282
3.094977
3.095683
3.096366
3.097060
3097755
3.098796
3.099838

12.919476
12.934861
12.902554
12.851785
12.851785
12.886399
12.844861
12.835630
12.807938
12.796400
12.773323
12.731784
12.674092
12.641785
12.584092
12.537938
12524092
12.475631
12.429477
12.392553
12.314092
12.321015
12.212553
12.175631
12.117938
12.051015
12.014091
11.949476
11.857169
11.864092
11.815630
11.762553
11.658708
11.617168
11.511015
11.492554
11.439477
11.342553
11.296400
11.261785
11.178707
11.049477
10.952554
10.869476
10.823322
10.703322
10.613322
10.592553
10.483323
10.435631

3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628.1
3,628 2
3,628.2
3,628.2
3,628.2
3,628.2
3,628 3
3,628.3
3,628.4
3,628.4
3,628.5
3,6285
3,628.5
3,628.6
3,628.6
3,628.7
3,628.7
3,628.8
3,628.8
3,628.9
3,628.9
3,629.0
3,629.1
3,629.1
3,629.1
3,629.2
3,629.2
3,629.3
3,6-29.4
3,629.5
3,629.5
3,629.6
3,629.7
3,629.7
3,629.7
3,629.8
3,630.0
3,630.0
3,630.1
3,630.2
3,630.3
3,630.4
3,630.4
3,630.5
3,630.6

3.084838
3.084907
3.084977
3.085046
3.085116
3.085185
3.085255
3.085359
3085463
3.085567
3.085671
3085810
3.085961
3.086088
3.086227
3.086366
3086505
3.086643
3.086817
3.086991
3087164
3087338
3.087570
3087801
3.088032
3.088264
3.088495
3.088727
3.089074
3.089421
3.089768
3090116
3.090463
3090810
3.091157
3.091505
3.091852
3.092199
3.092893
3.093588
3.094282
3.094977
3.095683
3.096366
3.097060
3 097755
3.098796
3.099838
3.100880
3 101921

10.592449
10.599373
10.624757
10.590141
10.583219
10.594757
10.594757
10610911
10.578603
10.606296
10.617834
10.583219
10.608603
10.633987
10.594757
10.615526
10.627065
10.647834
10.592449
10.599373
10.643219
10.654757
10.622449
10.645526
10.622449
10.615526
10.622449
10.622449
10.594757
10.599373
10.576296
10.580911
10.615526
10.594757
10.587834
10.585526
10.567055
10.562449
10.530142
10.520911
10.490911
10.453988
10.488604
10.414757
10.382449
10.363988
10.373219
10.292449
10.287834
10.225526

3,815 7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.6
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,6157
3,615.7
3,615.7
3,615.7
3,615.7
3,615.7
3,615.8
3,615.8
3,615.8
3,615.8
3,615.8
3,615.9
3,615.9
3,615.9
3,615.9
3,616.0
3,616.0
3,616.1

2sf 4 2111/2011

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
T rh i"l I0 ýrnkntt 4,h itr Annc'"f 1 1 inno Pa-p AR
Tohnr, u orr kmh~itr Aýumuc 11 _AA Pnn JR



P T 0Powertech I(usA) INc. DEWEY BURDOCK Tr RAI RESPONSE O&A Format
February 2011

Revised Table B.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test, Recovery Data

32-3C 3643.9 IGW,49 1 3652 32-4C 3644.0 32-6 3641.0 32-9C 3626.3
Time (days) LDrawdown (it) IElevation (f) ITime (days) IDrawdown (ft) Elevation (ft) Time (daysl IDrawdown (ft Elevation (it) Time (days) IDrawdown ft)t Elevation (ft) Time (lays) Drawdown (ft) lElevation (It)

3.101910
3.103299
3.104687
3.106076
3.107465
3.108854
3.110243
3.111632
3.113368
3.115104
3.116840
3.118576
3.120891
3.123206
3125521
3.127836
3.130150
3.132465
3.135937
3.139410
3.142882
3.146354
3.149826
3.153299
3156771
3.160243
3.163715
3 167268
3.174329
3.181157
3.188102
3.195046
3.201991
3.208935
3.215880
3.222824
3.233241
3.243657
3.254074
3.264491
3.278380
3.292268
3.306157
3.320046
3.333935
3.347824
3.361713
3.379074
3.396435
3.413796

10.719621
10.511721
10.403151
10.289961
10.206801
10.116711
9.950391
9.878781
9.719391
9.532281
9.310521
9.218121
9.091071
9.116481
8975571
8.890101
8.834661
8.751501
8.700681
8.594421
8.522811
8.435031
8.405001
8.287191
8.217891
8.190171
8.109321
8.042331
7.991511
7.859841
7746651
7.614981
7.612671
7.501791
7 404771
7360881
7.215351
7150671
7.060581
6.986661
6873471
6.755661
6684051
6.575481
6.462291
6.448431
6.295971
6.265941
6166611
6.023391

3,633.2
3,633.4
3,633.5
3,633.6
3,633.7
3,633.8
3,633.9
3,634.0
3,634.2
3,634.4
3,634.6
3,634 7
3,634 8
3,634.8
3,6349
3,635.0
3,635.1
3,635.1
3,635.2
3,635.3
3,635.4
3,635.5
3,635.5
3,635.6
3,635.7
3,635.7
3,635.8
3,635.9
3,635.9
3,636.0
3,636.2
3,636.3
3,636.3
3,636.4
3,636.5
3,636 5
3,636.7
3,636.7
3,636 8
3,636.9
3,637 0
3,637.1
3,637.2
3,637.3
3,637.4
3,637.5
3,637.6
3,637.6
3,637.7
3,637.9

3.100880
3.101921
3.103310
3.104699
3.106088
3.107477
3.108866
3.110255
3.111643
3.113380
3.115116
3.116852
3.118588
3.120903
3.123217
3.125532
3.127847
3.130162
3.132477
3.135949
3.139421
3.142893
3.146366
3.149838
3.153310
3.156829
3.160301
3.163773
3.167361
3.174421
3.181250
3.188194
3.195139
3.202083
3.209028
3.215972
3.222917
3.233333
3.243750
3.2"54167
3 264583
3.278472
3.292361
3.306250
3.320139
3.334028
3.347917
3.361806
3.379167
3.396528

9.070133
9.017056
9.123210
9.047056
9.026287
8. 998594
9.095517
8.989364
8.970902
9.074748
9.012441
8.963979
9.047056
9.014749
8.959364
8.846287
8.825518
8.807055
8.848595
8721671
8.788594
8.640903
8.564748
8.550902
8.493210
8.467825
8.466286
8.370902
8.366286
8.211671
8.133210
8.057055
7.948595
7.874748
7.752440
7.724748
7.625517
7.526287
7.408595
7.297825
7.189363
7.1041671
6.960902
6.866287
6.737056
6.633210
6.524748
6.471671
6.328594
6.284748

3,642.9
3,6430
3,642.9
3,643.0
3,6430
3,6430
3,6429
3,643.0
3,643.0

3,642.9
316430
3,6430
3,643.0
3643,0
3,6433
36432
3,6432
3,643.2
3,643.2
3,643 3
3,643.2
3.643.4
36434
3,6434
36435
3643.5
3,643.5
3,64346
3,6436
3.643.8
3,643 9
3,6439
3,6441
3,6441
3,644.2
3.6443
3,64454
3,6445
3,6446
3,644.7

3.645.0
3.645.0
3,645.1

3,645.7
3,645.7

3.103310
3.104699
3.106088
3.107477
3.108866
3.110255
3.111643
3.113380
3.115116
3.116852
3.118588
3.120903
3.123217
3.126532
3.127847
3.130162
3.132477
3.135949
3.139421
3 142893
3.146366
3.149838
3.153310
3.156782
3.160301
3.163773
3.167361
3174421
3.181250
3.188194
3.195139
3.202083
3.209028
3.215972
3.222917
3.233333
3.243750
3.254167
3.264583
3.278472
3.292361
3.306250
3.320139
3.334028
3.347917
3.361806
3.379167
3.396528
3.413889
3.431250

8.910100
8.857023
8.808561
8.762407
8.713946
8.658562
8.628562
8.563946
8.520100
8.462408
8.402408
8.344715
8.287024
8.243177
8.173946
8.123177
8.077024
8.007792
7.938561
7 878561
7.825485
7.765485
7.707792
7.661639
7.615485
7.569331
7.523177
7.435485
7.345485
7.283177
7.202408
7.091639
7.057023
6.999331
6.932408
6.840100
6.773177
6.715485
6.641639
6.540100
6.457023
6.392408
6.270100
6.203177
6.122408
6.062408
6.025485
5.949331
5.889331
5.817792

3,635.1
3,635.1
3,635.2
3,635.2
3,635.3
3,635.3
3,635.4
3,635.4
3,635.5
3,635.5
3,635.6
3,635 7
3,635.7
3,635.8
3,635.8
3,635.9
3,635.9
3,636.0
3,636.1
3,636.1
3,636.2
3,636.2
3,636.3
3,636.3
3,636.4
3,636.4
3,636.5
3,636 6
3,636.7
3,636.7
3,636.8
3,636.9
3,636.9
3,637.0
3,637.1
3,637.2
3,837.2
3,637.3
3,637.4
3,637.5
3,637.5
3,637.6
3,637.7
3,637.8
3,637.9
3,637.9
3,638.0
3,638.1
3,638.1
3,638.2

3.100880
3.101921
3.103310
3.104699
3.106088
3.107477
3108866
3.110255
3.111643
3.113380
3.115116
3.116852
3.118588
3.120903
3.123217
3.125532
3.127847
3.130162
3.132477
3.135949
3.139421
3.142893
3.146366
3.149838
3.153310
3.156782
3.160255
3.163727
3.167315
3.174375
3.181204
3.188148
3.195092
3.202037
3.208981
3.215926
3.222870
3 233287
3.243704
3.254120
3.264537
3.278426
3.292315
3.306204
3.320092
3.333981
3.347870
3.361759
3.379120
3.396481

10.322554
10.255630
10.119476
10.043323
9.957938
9.946400
9.780246
9.717938
9.648707
9.561015
9.473323
9.447938
9.339477
9.277169
9.147938
9.067169
9.011785
8.935631
8.887169
8.790246
8.695630
8.603323
8.541015
8.448708
8.377169
8.3517a4
8.268707
8.229477
8.079476
8.051785
7.917938
7.804861
7.744861
7.645630
7.583323
7.502553
7.449477
7. 225630
7.188707
7.114861
6.939476
6.918707
6.798707
6.701784
6.600246
6.503323
6.369476
6.327938
6.270246
6.159477

3,630.7
3,630.7
3,630.9
3,631.0
3,631 0
3,631.1
3,631.2
3,631.3
3,631.4
3,631.4
3,631.5
3,631 6
3,631 7
3,631.7
3,631.9
3,631.9
3,632.0
3,632.1
3.6321
3,632.2
3,632.3
3,632.4
3,632.5
3,632.6
3,632.6
3,632.6
3,632.7
3,632.8
3,632.9
3,632 9
3,633.1
3,633.2
3,633.3
3,633.4
3,633.4
3.633 5
3,633.6
3,633.8
3,633.8
3,633.9
3,6341
3,634.1
3,634 2
3,634.3
3,634.4
3.634.5
3.634.6
3.634.7
3,634.7
3,634 8

3.103310
3.104699
3.106088
3.107477
3.108866
3.110255
3.111643
3.113380
3.115116
3.116852
3.118588
3120903
3.123217
3.125532
3.127847
3.130162
3.132477
3.1359,9
3.139421
3.142893
3.146366
3.149838
3.153310
3.156782
3.160255
3.163762
3.167350
3.174410
3.181238
3.188183
3.195127
3.202072
3 209016
3.215961
3.222905
3.233322
3.243738
3.254155
3.264572
3.278461
3.292350
3.306238
3 3201Z7
3.334016
3.347905
3.361794
3.379155
3.396516
3.413877
3.431238

10.264757
10.188603
10.147065
10.093987
10.070910
10.063988
10031680
10.001680
9.946296
9.893219
9.851680
9.807834
9.782450
9.720141
9 676295
9.680911
9.648603
9.521680
9.477834
9.431680
9.380911
9.290911
9.265527
9.203218
9.131680
9.136295
9.071680
8.947064
8.877834
8.697834
8.686296
8.637834
8.547834
8.473988
8.377065
8 268603
8.171680
8 056295
7.980142
7.827834
7.747065
7.645526
7.509372
7.451680
7.264757
7.234757
7.123988
7.024757
6.925526
6.793988

3,616.0
3,616.1
3,616.2
3,616 2
3,616.2
3,616.2
3,616.3
3,616.3
3,616.4
3,616.4
3,616.4
3,616.5
3,616.5
3,616.6
3,616.6
3,616.6
3,616.7
3,616 8
3,616.8
3,6169
3,616.9
3,617.0
3,617.0
3,617.1
3,617.2
3,617.2
3,617.2
3,617 4
3,617.4
3,617.6
3,6176
3,617.7
3,617.8
3,617.8
3,617.9
3,618.0
3,618.1
3,618 2
3,618.3
3,618.5
3,618.6
3,618.7
3,618 8
3,618.8
3,619.0
3,619 1
3,619.2
3,619.3
3,619.4
3,619.5
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Revised Table B.3-1
Time and Water Level Data Values Used in Pumping Test Analysis: Dewey Test, Recovery Data

32-3C 3643.9 GW49 3652 32-40 3644.0 32-6 36410 32-9C 3626.3
Time (days) Drawdown (if) Elevation (III Time (days) Drawdown (ft) Elevation (6f) Time (days) Drawdown (ft) Elevation (ift) Time (days) Drawdown (ft) Elevation (Et) Time (days) Drawdown (ft) Elevation (ift)

3.431157 6.060351 3,637.8 3.413889 6.167056 3,645.8 3.454398 5.750869 3,638.2 3.413842 6.083323 3,634.9 3.454387 6.690142 3,619.6
3.454306 5.935611 3,638.0 3431250 6.081671 3,645.9 3.477546 5.667792 3,638.3 3.431204 6.027938 3,635.0 3.477535 6.593219 3,619.7
3.477454 5.778531 3,638.1 3454398 5.966287 3,646.0 3.500694 5.593946 3,638.4 3.454352 5.850246 3,635.1 3.500683 6.477834 3,619.8
3.500602 5.746191 3,638.2 3.477546 5.910902 3,646.1 3.523958 5.536254 3,638.5 3.477500 5.861784 3,635.1 3523947 6.403988 3,619.9
3.523866 5.702301 3,638.2 3.500694 5.781672 3,646.2 3.546991 5.471639 3,638.5 3.500648 5.757938 3,635.2 3546979 6.247065 3,620.1
3.546898 5.623761 3,638.3 3.523958 5.774748 3,646.2 3.570139 5.413946 3,638.6 3.523912 5.688707 3,635.3 3.570127 6.173219 3,620.1
3.570046 5.556771 3,638.3 3.546991 5.721671 3,646.3 3604861 5.330869 3,638.7 3.546945 5.568707 3,635.4 3.604850 6.060142 3,620.2
3.604768 5.480541 3,638.4 3.570139 5.523210 3,646.5 3.639583 5.240870 3,638.8 3.570092 5.527169 3,635.5 3639572 5.910141 3,620.4
3.639491 5.369661 3,638.5 3604861 5.433210 3,646.6 3.674306 5.155465 3,638.6 3.604815 5.455630 3,635.5 3.674294 5.700142 3,620.6
3.674213 5.231061 3,638.7 3.639583 5.322441 3,646.7 3.709028 5.047023 3,639.0 3.639537 5.310246 3,635.7 3709016 5.658603 3,620.6
3.708935 5.138661 3,638.8 3674306 5.269363 3,646.7 3.743750 4.991639 3,639.0 3.674259 5.241015 3,635.8 3.743738 5.527065 3,620.8
3743657 5.069361 3,638.8 3709028 5.172441 3,646.8 3.778472 4.931639 3,639.1 3.708981 5.155631 3,635.8 3.778461 5.427834 3,620.9
3778380 5.030091 3,638.9 3743750 5.036287 3,6470 3.813542 4.873946 3,639.1 3.743704 5.001015 3,6360 3.813530 5.395526 3,620.9
3.813449 4.916901 3,639.0 3.778472 4.967056 3,647.0 3.847917 4.811638 3,639.2 3.778426 4.975630 3,636.0 3847905 5.270911 3,621.0
3.847824 4.900731 3,639.0 3.813542 4.890902 3,647.1 3.882639 4.767792 3,639.2 3.813495 4941015 3,636.1 3882627 5.160911 3,621.1
3.882546 4.856841 3,639.0 3.847917 4.853979 3,647.1 3.917361 4.726254 3,639.3 3.847870 4.864861 3,636.1 3.917350 5.148603 3,621.2
3.917268 4.782921 3,639.1 3.882639 4.784748 3,647.2 3.986806 4.633946 3,639.4 3.882592 4.846400 3,636.2 3.986794 4.952449 3,621.3
3986713 4.655871 3,639.2 3.917361 4.724748 3,647.3 4.056944 4.543946 3,639.5 3.917315 4.733323 3,636.3 4.056933 4.825526 3,621.5
4056852 4.651251 3,639.2 3.9868606 4.727056 3,6473 4125694 4444715 3,639.6 3.986759 4.657169 3,636.3 4125683 4.723988 3,621.6
4.125602 4.512651 3,639.4 4.056944 4.540133 3,647.5 4.195139 4.301639 3,639.7 4.056898 4.594161 3,636.4 4.195127 4.523219 3,621 8
4.195046 4.337091 3,639.6 4.125694 4.413210 3,647.6 4264583 4.211638 3,639.8 4.125648 4.511784 3,636.5 4264572 4.465526 3,621.8
4.264491 4.274721 3,639.6 4.195139 4.293210 3,547.7 4.334028 4.110100 3,639.9 4.195092 4.366400 3,636.6 4.334016 4.317834 3,622.0
4333935 4.221591 3,639.7 4.264583 4.267825 3,647.7 4403472 4.029331 3,6400 4.264537 4.248707 3,636.8 4.403461 4181680 3,622.1
4.403380 4.076061 3,639.8 4.334028 4.092441 3,647.9 4.472917 3.985485 3,640.0 4.333981 4.126400 3,636.9 4.472905 4.163218 3,622.1
4.472824 4.020621 3,639.9 4.403472 4.069364 3,647.9 4.577083 3.886254 3,640.1 4.403426 4.041015 3,637.0 4.577072 4.031680 3,6223
4576991 3.875091 3,640.0 4.472917 3.983979 3,648.0 4.681250 3.775485 3,640.2 4.472870 4015630 3,637.0 4.681238 3.842449 3,622.5
4.681157 3.649681 3,6401 4.577083 3.843210 3,648.2 4.785417 3.662408 3,640.3 4.577037 3.826400 3,637.2 4.785405 3.727065 3,622.6
4.785324 3.715701 3,640.2 4.681250 3.732440 3,648.3 4.889583 3.574715 3,640.4 4.681204 3.810246 3,637.2 4.889572 3.669373 3,6226
4889491 3.604821 3,640.3 4.785417 3.598594 3,6484 5 02472 3.431638 3,6406 4.785370 3.639477 3,637.4 5.028461 3.487065 3,622.8
5.026380 3.558621 3,640.3 4.889583 3.492440 3,648.5 5.167361 3.279331 3,640.7 4.889537 3.597938 3,637.4 5.167350 3.362449 3,622.9
5.167268 3.357651 3,640.5 5.028472 3.407056 3,648.6 5.306250 3.076254 3,640.9 5.028426 3.466400 3,637.5 5.306238 3.157065 3,623.1
5.306157 3.154371 3,640.7 5.167361 3.323979 3,648.7 5.445139 2.944715 3,641.1 5.167315 3309477 3,637.7 5.445127 2.960911 3,623.3
5.445046 2.997291 3,640.9 5.306250 3.130133 3,648.9 5.584028 2810869 3,641.2 5.306204 3.092553 3,637.9 5.584016 2.917065 3,623.4
5.583935 2.837901 3,641.1 5.445139 2.869364 3,648.1 5.722917 2674716 3,641.3 5.445092 2.947169 3,638.1 5.722905 2.713988 3,623.6
5722824 2.738571 3,641.2 5.584028 2.777056 3,649.2 5861806 2552408 3,641.4 5.583981 2.852553 3,638.1 5861794 2.582449 3,6123.7
5.861713 2.653101 3,641.2 5.722917 2.622441 3,649.4 6.008217 2.469331 3,641.5 5.722871 2.661015 3,638.3 6.008206 2.513219 3,623.8
6.008125 2.521431 3,641.4 5.861806 2479364 3,649.5 5.861759 2.497169 3,638.5

6.008217 2.403210 3,649.6 6.008171 2494861 3,638.5

General Methodology: PSI, temperature, and time readings from Win-Sftum digital data log were exported to Excel ".csv file.
Drawdown was calculated as PSI at time after pumping minus average PSI before pumping: therefore, at small or zero changes
in PSI negative drawdowns may be calculated.
A FORTRAN program was written to read the ".cs, file and produce a second file by extracting the records at a frequency of 40
per log-time cycle (in minutes) in order achieve equal representation of data throughout the pumping and drawdown phases of the test.
Elevation (in ft above mean sea level) based on initial groundwater elevation (see Table 4.2) minus drawdown.
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Revised Table 0.2-1
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test, Drawdown Data

11-2 1 3664.8 11-146 3660.9 1-15 3660.2 1114_ 1 1 36621 tIII-1C- 1 3662
rime(days) Ijrawdown(ftjlevation(It) Time(days) JDrawdown(ft) Elevaton(It)jTime (davsjLtwdown lislevation(ft)i rme(days)lmrawdown(It)l[levatin(t I) ie (days) Durawdown (ft) jElevation (n)

U.LUUJW2
0. 00002
0.000M
0. 000049
0.00005E

0.000081
0 .000098
0.60100
0.000110

0.030127
0.000136
0.000150
0.000162
0.000174
0.00018Z
0.00019?
0.00020E
0.00022C
0.000231
0.00024:
0.00025E
0.000269
0.00027E
0.00028E
0.000301
0.00031"
0.000321
0.300339
0. 000347
0. 000356
0.00037C
0.000382
0.000390
0.000417
0.000451
0. 000462
0. 00046E
0.000490
0.000521
0. 000532
0.000559
0. 00059C
0.000625
0.00066C
0000694
0.00072-
0.000764
0.00079
0.000832
0.000903
0.000971,
0.001042

-0U.2415il
-0.04723z
-0.038002
0.081997
0.03353-5
0.021997
0.07045E
-0.028777'
-0.05184E
-0.040311
-0.06108(
-0.021846
0.07276f
-0.05877'
-0.040311
-0.04492E
-0.031080
-0.021M46
-0.06108C
-0.01261E
-0.00800M
0.04507'
-0.01954,
0.040459
0.00122E
0.06353&
0.045071
-0.06569E
0.081997
0.07045E
0 09122E
0.05892C
0.05661'.
0.077381
-0.070311
-0.06108C
-0.00800T
-0.019542',
0.07276E
0008151
0.061220
0.07968E
0.03584'
-0.047234
0 045074
-0.049542
0.08892C
-0.040311
0. 091220
-0.04723-
0.04968K
-0.01261E
-0.03569E

3664.8
3664.8
3664.8
3664.7
3664.8
3664.8
3664.7
3664.8
3664.9
3664.8
3664.9
3664.8
3664.7
3664.9
3664.8
36648
3664.8
3664.8
3664.9
3664.8
3664.8
3664.8
3664.8
3664.8
36648
3664.7
3664.8
3664.9
3664 7
3664.7
36647
3664.7
3664.7
3664.7
3664.9
3664.9
3664.8
3664.8
3664.7
36648
36647
3664.7
3664.8
3664.8
3664.8
3664.8
3664.7
3664.8
3664.7
3664.8
3664.8
3664.8
3664.8

U. UJUU1 2
0.000022
0.000035
0.000046
0.000058
0.000069
0.000081
0.000093
0.000104
0.000118
0.000127
0.000139
0.000156
0.000162
0.000174
0.000165
0.000197
0.000208
0.000220
0.000231
0.000243
0.000255
0.00026E
0.000278
0.000289
0.000301
0.000312
0.000324
0.00033E
0. 000347
0. 000359
0. 000370
0.000382
0.000394
0.000405
0.000417
0.000451
0.000463
0.000486
0.000498
0.000521
0.000532
0.000556
0.00059C
0.000625
0. 00066C
0.000694
0.00072S
0.000764
0. 000760
0.000833
0. 000903
0.000972

-0.03906C
0.018632
0.002476
0.002476
-0 07829C
-0.015983
0.060171
0.007094
0.01 1710

-0.027521
-0.01598-
-0.004444
0.016325
0011710C
0.002479

-0.013675
-0.022906
-0032137
-0 034444
0.023248
0 016325

-0002137
0.030171
0009402

-0.02059E
-0 03906C
-0.006752
0.000171
0.00478E
0.03247E

-0.00906C
-0.029826
0.018632

-0.006752
0 002476
0 004786
0002476
0.009402

-0.027521
-0.043675
-0.03906C
-0.006752
0.014017
0.01171C
005094C
0.0055556
-0.00906(
-0.004444
0018633
0.014017
0.04171C
-0.004444
-0.015982

3660.9
3660.9
3660.9
3660.9
3661.0
3660.9
3660.8
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.8
3660.8
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9

0.000021

0.000035
0. 006049
O.O60605
0.0106066
0.000081
0.00009,
0.0001N04
0.60011E
0.000127
0.00136
0.60015C
0.600162
0.600174
0000185
0.000197
0.000200
0.60022C
0.000231
0000242
0.000255
0.60026E
0.00027E
0.000285
0.000301
0.60031:
0.000324
0.60033E
0.000347
0.600356
0.00037C
0.000382,
0. 00304
0.000417
0.000451
0.000462
0.60048E
0.00049E
0.600521
0.000532,
0.00055E
0.0O0590
0.000625
0.00066C
0.000694
0. O0726
0.000764
0.OO079S
0.000832
0.000902
0.600972
0.00104:

-0.023077
-0.0253W5
0.03000
-0.013846
0.609231
-0.053077
-0.009231
-0.018462
0.011538
-0.032308
0.129231
0.025385
0.009231
-0.011538
0002308
0.018462
0.101538
-0.006923
0.013846
-0027692
-0.020769
-0.004615
0018462
0.023077
-0.009231
-0.018462
0.006923
-0.027692
-0.004615
0.011538
-0.002308
-0. 020769
0.013846
0.011538
-0.011538
0.090000
-0.018462
0.600000
0.000000
0.006923
0.009231
0.013846
0.00000
-0.025385
-0.009231
0.016154
-0.027692
0.126923
0.122308
0.018462
0.053077
0.602308

3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.3
3660.2
3660.2
3660.2
3660.2
3660.1
3660.2
3660.2
3660.2
3660.2
3660.2
3660.1
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.1
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.1
3660.1
3660.2
3660.1
3660.2

U.UVLVI z

0.000058
0.000069
0.000093
0.000116
0.000162
0.000174
0.000185
0.000197
0.000208
0.000220
0.000255
0 000289
0.000370
0.000498
0.000521
0.000833
0.001111
0.001319
0.002639
0004167
0.005903
0.007292
0.008333
0.009028
0.020833
0.025000
0.072917
0.079896
0.0833M6
0.090313
0.097257
0.104201
0.111146
0.118206
0.125035
0.131979
0.138924
0.149340
0.159757
0.170174
0.180590
0.194479
0.208368
0.222257
0.236146
0.250035
0 263924
0.277812
0.295174
0.312535
0.329896
0.347257

u.u' 2,a
0.072682
0.042682
0.010374
0.042682
0.031143
0.054220
0.031143
0.010374
0.047297
0.031143
0.017297
0.010374
0.042682
0.051912
0003451
0.056528
0.051912
0.012682
0.054220
0.001143
0.033451
0.070374
0.008066
0 024220
0 003451
0.019605
0.077297
0.005759
0.003451
0028836
0038066
0.081912
0.088836
0.128066
0.155759
0.155759
0.160374
0.174220
0.204220
0.208836
0.238836
0.275759
0.326528
0.342682
0.368066
0.398066
0.478836
0.485759
0.548066
0.548066
0.617297
0.642682

00.o1
36620
3662.1
3662.1
3662.1
3662.1
3662.0
3662.1
3662 1
3662.1
3662.1
3662.1
3662.1
3662.1
3662.0
3662.1
3662.0
3662.0
3662.1
3662.0
36621
3662 1
36620
3662 1
3662 1
3662.1
3662.1
36620
3662.1
3662 1
3662 1
3662 1
36620
36620
3662.0
3661.9
3661.9
3661.9
3661.9
3661.9
3661.9
3661.9
3661.8
3661.8
3661.8
3661.7
36617
3661.6
3661.6
3661.6
3661.6
3661.5
3661.5

U.U.JX25
0000035
0.000046
0.000058
0.000069
0.000083
0.000093
0.000104
0.000116
0.000127
0.000141
0.000150
0.000162
0.000174
0.000185
0.000199
0.000208
0.000220
0.0002r31
0.000243
0000257
0.000266
0.000278
0000289
0.000301
0000312
0.000324
0.000336
0.000247
0.000359
0000370
0000382
0.000394
0.000405
0.000417
0.000428
0.000451
0.000463
0.000486
0.000498
0.000521
0.000532
0.000556
0.000590
0000625
0000660
0.000694
0000729
0.000764
0000799
0.000833
0.000903
0.000972

1.0165I4
1.781538
2.453077
2.967692
3.648462
4.463077
5.010000
5.016923
5.480769
5.746154
5.981538
6.256154
6.306923
6.773677
6.969231
7.061539
7.377692
7.467692
7.873846
8.206154
9.445385
9.078462
9.729231
9.835384

10308461
10.712308
11.180769
11.457692
11.833846
12.263077
11.210770
11.289230
12.422308
12.669230
12.837692
12.692307
13.112308
13.324615
13.633846
13.970769
14.370000
15.939231
15.150000
16.077692
17.023846
17.820000
18.664616
19426153
20.319231
20.972307
21.867693
23.321539
24.676153

366u
3660
3660
3659
3658
3658
3657
3657
3657
3656
3656
3656
3656
3655
3656
3665
3655
3655
3654
3654
3653
3653
3652
3652
3652
3651
3651
3651
3650
3650
3651
3651
3650
3649
3649
3649
3649
3649
3648
3648
3648
3646
3647
3646
3645
3644
3643
3643
3642
3641
3640
3639
3637
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Revised Table C.2-1:
Tirme and Water Level Data Values Used in Pumping Test Analysis: Burdock Test Drawdown Data

1 -12 I364.8 11-M 3660.9 11-16 r / 3660.2 1i-It _ __ 3662.1 i11-11C 1 I 3662
rime (days) jDrawdown (ft Elevation (ftITie (days) L rawdown (ft. ) IElevation (R) Time (days) Lorawdwn evation (ft) ime (-days) Drawdown (nt) [Elevation (nt) Jlime (days) JDrawcown (ft) joevation (9)

0. 001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0 002222
0.002361
0.002500
0.002639
0.002778
0.002951
0003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0.006250
0006597
0.006944
0007292
0.0076039
0.007986
0.008333
0.009028
0009722
0.010417
0.011111
0.011806
0.012500
0013194
0.013889
0.014931
0015972
0017014
0.018056
0.019444
0.020833
0.022222
0.023611
0025000

-0.03800:
-0.04492E
-0.03800:
-0.07723,
-0.01954:
-0.05877:
-0.02184(
-0.06108(
-0.01261N
-0.04492(
-0.01954:
-0.07723'
-0.00108(
-0.04492(
-0.056461
-0.03800:
-0.0800:
-0.01954:
-0.06800,
-0.08415;
-0.040311
-0.051841
-0.03800:
-0.06338=
-0.0587T;
-0.021841
-0.035609
-0.006461
-0.02646!
-0.02877"
-0 05877;
-0.0633M8
-0 051841
-0.070311
-0.086461
-0.008778
-0.02415;
-0.021841
-0.033381
0.07507'

-0.06569f
-0.04492(
-0.056461
-0.03108(
0.06584:

-0.04723'
-0.08415;
-0.061081
0.008151

-0.06108(
-0.04954;
-0.00338E
-0.042611

3664.8
3664.8
3664.8
3664.9
3664.8
3664.9
3664.8
3664.9
3664.8
3664.8
3664.8
3664.9
3664.8
3664.8
3664.9
3664.8
36648
3664.8
3664.9
3664.9
3664.8
3664.9
3664.8
3664.9
3664.9
3664.8
3664.8
3664.9
3664.8
3664.8
3664.9
3664.9
3664.9
3664.9
3664.9
3664.9
3664.8
3664.8
3664.8
3664.7
3664.9
3664.8
3664.9
3664.8
3664.7
36648
36649
3664.9
3664.8
3664.9
36648
3664.9
3664.8

0. 001042
0.001111
0.001181
0.001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.002222
0.002361
0.002500
0.002639
0 002778
0.002951
0.003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0.006250
0.006597
0.006944
0.007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056
0.019444
0.020833
0.022222
0.023611

-0.004444
0.00478E
0. 011711C
0.02324E
0.018632
0.03478E
-0.002137
0.027662
0.05094M
0.037094
0.018632
0.044017
0.037094
0.02324E
0.10171C
0.108632
0.057862
0.129401
0.090171
0.09247E
0.108632
0.12940,
0.150171
0.164017
0.19632'
0.228632
0.2470N4
0.29555E
0.330171
0.37401?
0.42940.
0.49863Z
056094C
0.62094C
0.65324E
0.678632
0 745556
0.88171C
0.95094C
1.103240
1. 193240
1.287862
1.424017
1.504786
1.70324E
1.770171
1 934017
2.047094
2.213240
2 377094
2.550171
2.727862
2861710

3600.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.9
3660.8
3660.9
3660.9
3660.9
3660.9
3660.9
3660.8
3660.8
3660.8
3660.8
3660.8
3660.8
3660.8
3660.8
3660.7
3660.7
3660.7
3660.7
3660.7
3660.6
3660.6
3660.5
3660.5
3660.4
3660.3
3660.3
3660.2
3660.2
3660.2
3660.0
3659.9
3659.8
3659.7
3659.6
3659.5
3659.4
3659.2
3659.1
3659.0
3658.9
3658.7
3658.5
3658.3
3658.2
3658.0

0.001111
0.001181
0.001250
0.001319
0.001389
0001493
0.001597
0.001701
0.001806
0.001944
0.002083
0.002222
0.002361
0.002500
0.002539
0.002778
0.002951
0003125
0.003299
0.003472
0.003704
0.003935
0.004167
0.004398
0.004630
0.004861
0.005208
0.005556
0.005903
0.006250
0.006597
0.006944
0.007292
0.007639
0.007986
0.008333
0.009028
0.009722
0.010417
0.011111
0.011806
0.012500
0.013194
0.013889
0.014931
0.015972
0.017014
0.018056
0.019444
0.020833
0.022222
0.023611
0. 025000

-0.020769
0000300O
0.032308
-0.041538
-0.032308
0.002308
-0.046154
0.023077
0.013846
0.006923
-0.020769
0018462
-0.002308
0006923
-0.046154
-0.006923
-0016154
-0.023077
-0.011538
0041538
0.027692
-0.011538
0.016154
0.013846
0006923
-0.053077
-0.023077
-0.036923
-0011538
0.025385
0041538
-0.016154
0011538
-0.023077
0000000
0.009231
-0002308
-0009231
0.002308
-0.016154
-0.004615
0.025385
0011538
-0.046154
-0.002308
-0.023077
-0011538
0.000000
0.011W38
0.0057692
-0.018462
0.004615
0 025385

3660.2
36602
3660.2
3660.2
3660.2
3660 2
3660.2
3660.2
3660.2
3660.2
3660.2
36602
3660.2
3660.2
3660.2
3660.2
3660 2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.3
3660.2
3660.2
36602
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
36602
3660.2
3660 2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.2
3660.1
3660.2
3660.2
36602

0.370405
0.393553
0.416701
0.439960
0.462998
0.48614E
0.52086E
0.55559C
0.590311
0.625035
0.659757
0.694471
0.72954S
0.763924
0.79864E
0.83336E
0 90292E
0.972951
1.041701
1.11114E
1.18059C
1.250030
1.319471
1.388924
1.49309C
1.597257
1.701424
1.80559C
1.94447c
2.083368
2.222257
2.361140
2.50003-
2.638924
2.7778 12
2.95142'
2.999988

0.753451
0.801912
0.799605
0.824989
0.912662
0.947297
1.004989
1.060374
1.099605
1.233451
1.270374
1.332682
1.408836
1.466528
1.535759
1.604989
1.736528
1.794220
1.907297
1.960374
2.094220
2.101143
2 193451
2.311143
2.396528
2.504989
2620374
2.756528
2848835
2.890374
2.915759
2.984989
3086528
3.148836
3.222682
3.358835
3.358835

3661.3
3661.3
3661.3
3661.3
3661.2
3661.2
3661.1
3661 .0
3661.0
3660.9
3660.6
3660 8
3660.7
3660.6
3660.6
3660.5
3660.4
3660.3
3660.2
3660.1
3660.0
3660.0
3659.9
3659.8
3659.7
3659.6
3659.5
3659.3
3659.3
3659.2
3659.2
3659.1
36590
3659.0
3658.9
3658.7
36587

0.001042
0.001111
0.001181
0001250
0.001319
0.001389
0.001493
0.001597
0.001701
0.00180E
0.001944
0.002083
0.00222Z
0.002361
0.00250C
0.002639
0 002778
0.002951
0.003125
0.00329c
0.003472
0.003704
0 003930
0.004167
0.004398
0.004630
0004861
0.005208
0 005558
0.005901
0.00625C
0.006597
0006944
0.007292
0.007636
0.007986
0.008332
0.009028
0.009722
0.010417
0.011111
0.011806
0.01250C
0.01 3194
0.01388S
0.014931
0 015972
0.017014
0.01805E
0.019444
0.020833
0.022222
0.023611

25.989231
27496155
28.686924
30.036922
31.310770
32 589230
34361538
36.092308
37.631538
39.083076
41.026154
42489231
44.259232
45.662308
47.166924
48.606922
49.860001
51 387692
52.799999
54.080769
55.310768
56.683846
57.895386
59.180771
60.244614
61.167694
61.975384
63.325386
64.400772
65.418465
66.311539
67.100769
67.728462
68.552307
69124619
69.708458
70416924
71.642311
72.440773
73.167694
73636154
74150772
74 545367
74.815384
74.995384
75.251541
75565384
75.904617
76.105385
76 299232
76631538
76 746925
76.998459

3636
3635
3633
3632
3631
3629
3628
3626
3624
3623
3621
3620
3618
3616
3615
3613
3612
3611
3609
3608
3607
3605
3604
3603
3602
3601
3600
3599
3598
3597
3596
3595
3594
3593
3593
3592
3592
3590
3590
3589
3588
3588
3587
3587
3587
3587
3586
3586
3586
3586
3585
3585
3585
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POWERTEC0 (USA) INC. DEWEY BURDOCK TR RAI RESPONSE Q&A Format February 2011

Revised Table C.2-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test Drawdown Data

11-2 3664.8 11"1- I 3660.9 1116 I
rime (days) 4rawdown (ft4Elevation (f1)jTime (days) 4Drawdown (ftlJElevabon (ft,)Time (days)Drawdown

0.02638E
0.02777E
0.02951'
0.03125C
0.03298E
0.03472Z
0.037037
0.039352
0.041663
0.043981
0.04629E
0.048611
0.052081
0.05555E
0.05902E
0.D6250C
0.96597-
0.06944'
0.072917
0.076472
0.07994;
0.08341z
0.09035E
0.097302
0.10424E
0.11119;
0.118137
0.125081
0.13202,
0.13897C
0.149387
0.15980M
0.17022C
0.180637
0.19452'
0.208411
0.22230,
0.236192
0.250081
0.26397C
0.27785S
0.29522C
0.312581
0.329942
0.34730K
0.370451
0.39360C
0.416740
0.440012
0.463041
0.48619"2
0.520914
0.555637

-0.07723,
-0.06569(
-0.06800.
-0.05184M
-0.04031'1
-0.07954,
-0.07492(
-0.07723'
-0.079542
0.04968M
0.04968W

-0.04723'
0.08430'
0.05199d
0.04968M
-0.00800,
0.02892(
-0.012610
0.061221
-0.054157
-0.003381
-0.04723'
-0.03800M
-0.00569E
0.03584'
0.00353'
0.021991

-0.00108(
0.026612
0.04507'
0.047381
0.021997
0.04507'
0.07276E
0.102760
0. 125842
0.16968c
0.167381
0. 190450
0271221
0.26892(
0.30122f
0.34276E
0.368151
0.41199i
0.49968M
0.548151
0.56199o
0.619M80
0.68892(
0.76276(
0.80661,
0.820450

3664.9
3664.9
3664.9
3664.9
3664.8
3664.9
3664.9
3664.9
3664.9
3664.8
3664.8
3664.8
3664.7
3664.7
3664.8
3664.8
36648
3664.8
3664.7
3664.9
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.8
3664.7
3664.7
3664.7
3664.6
3664.6
3664.6
3664.5
3664.5
36645
3664.5
3664.4
3664 4
3664.3
3664.3
3664.2
3664.2
3664.1
3664.0
36640
36640

0. 02500C
0.02638E
0.027770
0.02951'
0.03125C
0.032980
0.03472Z
0.037037
0.039352,
0.041667
0.043981
0.04629E
0.048611
0.05208K
0.05555E
0. 05902E
0 062502
0.065972,
0.06944'
0.072917
0.07638,£
0.0799421
0.08341'
0.09035E
0.097302
0.104240
0.11119,
0.118137
0.125081
0.132025,
0.13897C
0.149387
0.15980:
0.17022C
0.180637
0.19452,
0.20841i
0.222302
0.2361T2
0.250081
0.26397C
0.27785E
0.29522C
0.312581
0.329942
0.347308
0.370451
0.39360C
0.41674E
0.440012
0.463044
0.486192
0.520914

3 018632
3 168632
3.297862
3 41555E
3 56324f
3.76632X
3.87247C
4.09171C
4.19555E
4.417094
4.64094C
4664017
4.827862
5.03555E
5.222470
5 358633
5568632
5.75094C
5.85478E
6044017
6.161712
6.325556
6.47094C
6.738633
6.95324E
7.172470
7.41478E
7.659402
7.85555E
8.058633
8.25478E
8.520171
8787864
9.032478
9.25171C
9.53555E
9.777864

10.004017
10.220941
10.46324E
10.629402
10.839402
11.037864
11.213248
11.411712
11.594017
11.884787
12.039402
12.240171
12.397094
12.602479
12.685555
12.969402

3657.9
3657.7
3657.6
3657.5
3857.3
3657.1
3657.0
3656.8
3656.7
3656.5
3656.3
3656.2
3656.1
3655.9
3655.7
3655.5
3655.3
3655.1
3655.0
3654.9
3654.7
3654.6
3654.4
3654.2
3653.9
3653.7
3653.5
3653.2
3653.0
3652.8
3652.6
3652.4
3652.1
3651.9
3651.6
3651.4
3651.1
3650.9
3650.7
3650.4
3650.3
3650.1
3649.9
3649.7
3649.5
3649.3
3649.0
3648.9
3648.7
3648.5
364M.3
3648.2
3647.9

0.026380
0.02777E
0.02951'
0.03125C
0.03298E
0.03472,
0.037037
0.039352ý
0.041661
0.043981
0.04629E
0.048611
0.052082
0.05555E
0.05902E
0.06250C
0.06597,
0.06944,
0.072917
0.07638E
0.079861
0.083440
0.09039'
0.09733E
0. 104282
0.111227
0.118171
0.12511(
0.13206(
0.13900,'
0.149421
0.159830
0 170255
0.180671
0.19456C
0.208440
0.22233E
0 236227
0.250110
0.26400M
0.277891
0.295255
0.312610
0.329977
0.34733E
0.370486
0.39363'
0.416782
0. 440040
0.463070
0.486227
0 520940
0.555671

0.02076g
0.000000
-0.034615
-0.09231
0.000000

-0.004615
0.025385
0.030000
0.090000

-0.027692
0.057692
0.009231
0.011538

-0.009231
0.000000
0.018462
0.034615
0.036923
0.027692
0.106154
0.060000
0.057692
0.101538
0.152308
0.170769
0.163846
0.233077
0.267692
0. 306923
0.346154
0.433846
0.450000
0 567692
0.634615
0.745385
0.860769
0.960000
1.112308
1.174615
1.359231
1.467692
1.615385
1.804615
1.929231
2 118462
2.303077
2.524615
2.764615
2 933077
3.168462
3.297692
3.620769
3.913846

3660.2 11
Elevation (11)T i

3803.2
3660.2
3660.2
36602
3660.2
3660.2
3660.2
3660.2
3660.1
3660.2
3660.1
3660.2
3660.2
3660.2
3660.2
3660.2
366032
3660.2
3660.2
3660.1
3660.1
3660.1
3660.1
3660.0
3660.0
3660.0
3660.0
3659.9
3659.9
3659.9
3659.8
3659.8
36596
3859.6
3659.5
3659.3
3659.2
3659.1
3659.0
3•58.8
3658.7
3658.6
3658.4
3658.3
3658 1
3657.9
3657.7
3657.4
3657.3
3657.0
3656.9
3656.6
3656.3

3 0f4

r19, - 36621 1- 11c_ 1 3662
me (daysrwdn (Elevation (01] me (days) jDawdown (ft JElevation (4)

0 02499C
0.026380
0.027778
0.029514
0.03125C
0.03298E
0.034722
0037037
0.039352
0.041667
0.043981
0.04629E
0.048611
0.052082
0.055556
0.05902E
0.06250C
0065972
0.069444
0.072917
0 076380
0.079861
0.083368
0.090313
0. 097257
0104201
0.111146
0.118206
0.125035
0.131976
0.138924
0.14934C
0159757
0.170174
0. 18059C
0.194481
0.20836E
0.222257
0.236148
0.250035
0.263924
0.277812
0.295174
0.312535
0.32989E
0.347257
0.370405
0.393553
0.416701
0.439965
0.462998
0.48614E
0. 520868

77.176155
77.411537
7.464615
77.723076
77.755386
78.025383
78.302307
78.260773
78.567696
78.678459
78.959999
79.008461
79.151535
79.2900W1
79.437691
79666153
79823074
80005386
80.173843
80.266151
80.420769
80.533844
80.702309
80.923843
81.223846
81.373848
83.363075
83.801537
84 023079
84.295387
84408463
84.701538
84886154
85.036156
85.093849
85.407692
85.668465
85.698463
85.924614
86.176155
86.381538
56 476151
86.568459
86.683846
86.801537
87.147690
87.223846
87.353073
87.613846
87.560768
87.625381
87.985382
58.033844

3585
3585
3585
3584
3584
3584
3584
3584
3583
3583
3583
3583
3583
3583
3583
3582
3582
3582
3582
3582
3582
3581
3581
3581
3581
3581
3579
3578
3578
3578
3578
3577
3577
3577
3577
3577
3576
3576
3576
3576
3576
3576
3575
3575
3575
3575
3575
3575
3574
3574
3574
3574
3574

2/11/2011

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
TorthnirI RPnnrv Cm rhmittorl Amiot 11 2flflO
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Revised Table C.2-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test, Drawdown Data

11-2 3664r 1 1-14C 3660.9 11r 1- 36602 11r9* 3662.1 11-11C 36-
Time (days) Drawdown (ftl Elevation (ft) Time (days) Drawdown (ft) Elevation (ift) Time (days) Drawdown ( Elevation (ft) Time (dayst rawdown (ft) Elevation (t) Time (days) Drawdown (ft) Elevation (ft)

0.590359 0.894304 3663.9 0.555637 13144787 3647.8 0.590394 4.144615 3656.1 0.555590 88.010773 3574
0.625081 0.995843 3663.8 0.590359 13.317863 3647.6 0.625116 4.352308 3655.8 0.590312 88.456154 3574
0.659803 1.044304 3663.8 0.625081 13433248 3647.5 0.659838 4.668461 36555 0.625035 88.396156 3574
0.694525 1.097381 3663.7 0.659803 13 574018 3647.3 0.694560 4.846154 3655.4 0659757 88.737694 3573
0.729595 1.136612 3663.7 0.694525 13.707864 3647.2 0.729630 5.088461 3655.1 0.694479 88.555382 3573
0.763970 1.224304 3663.6 0.729595 13.867094 3647.0 0.764005 5.245385 3655.0 0.729549 88.721535 3573
0.798692 1.295843 3663.5 0.763970 13.973248' 3646.9 0.798727 5.476154 3654.7 0.763924 88.975388 3573
0.833414 1.399689 3663.4 0.798692 14.224787 3646.7 0.833449 5.651538 3654.5 0798646 88.666153 3573
0.902859 1.487381 3663.3 0.833414 14.324018 3646.6 0.902893 6.032308 3654.2 0.833368 88.786156 3573
0.972998 1.598151 3663.2 0.902859 14.557095 3646.3 0.973032 6.346154 3653.9 0.902928 88.931541 3573
1.041748 1.711228 3663.1 0.972998 14.723248 3646.2 1.041782 6.643846 3653.6 0.972951 89.081535 3573
1.111192 1.757381 3663.0 1.041748 14.868632 3646.0 1.111227 6.946154 3653.3 1.041701 89.093079 3573
1.180637 1.840458 36630 1.111192 15.067094 3645.8 1.180671 7.181539 3653.0 1.111146 89.376923 3573
1.250081 1.900458 3662.9 1 180637 15187094 3645.7 1.250116 7375385 36528 1.189590 89307693 3573
1 319525 2.008920 3662.8 1.250081 15.297863 3645.6 1.319560 7.629231 3652.6 1.250035 89554619 3572
1.388970 2.117381 36627 1.319525 15.378633 3645.5 1.389005 7.820769 3652.4 1.319479 89.826920 3572
1.493137 2.207381 3662.6 1.388970 15.614017 3645.3 1.493171 8.093077 3652.1 1.388924 90.085388 3572
1.597303 2.299689 3662.5 1.493137 15.789402 3645.1 1.597338 8.40692.3 3651.8 1.493090 89.976921 3572
1 701470 2.440458 3662.4 1.597303 15893248 3645.0 1.701505 8.614615 3651.6 1 597257 90.182304 3572
1.805637 2.486612 3662.3 1.701470 16.008633 3644.9 1.805671 8.824615 3651.4 1.701424 90.168465 3572
1.944525 2585843 3662.2 1.805637 16.149403 3644.8 1.944560 9.115385 3651.1 1.905590 90166153 3572
2.083414 2634305 3662.2 1.944525 16.310940 3644.6 2083449 9.3230t77 3650.9 1.944479 90678459 3571
2.222303 2.668920 3662.1 2.083414 16.405556 3644.5 2222338 9.459230 3650.7 2.083368 90.639229 3571
2.361192 2.724304 3662.1 2.222303 16.516325 3644.4 2.361227 9.602307 3650.6 2222257 90.736153 3571
2.500081 2.844305 3662.0 2.361192 16.587864 3644.3 2.500116 9.766154 3650.4 2.361146 90.819229 3571
2.638970 2.837381 3662.0 2.500081 16.634018 3644.3 2.639005 9.953077 3650.2 2.500035 91.047691 3571
2.777859 2.966612 3661.8 2.638970 16.770170 3644.1 2. 777894 10.040770 3650.2 2.638924 91.165382 3571
2.951470 3.084305 3661.7 2.777859 16.874018 3644.0 2.951505 10.250770 3649.9 2. 7u7813 91.137695 3571
2.999988 3.063535 3661.7 2.951470 17.010172 3643.9 2.999988 10.37307T 3649.8 2.951423 91.176926 3571

2.999988 17.014786 3643.9 1_11_11 12.999988 91.066154 3571

General Methodology: PSI, temperature, and time readings from Win-SftuTM digital data log were exported to Excel ".csV file.
Drawdown was calculated as PSI at time after pumping minus average PSI before pumping; therefore, at small or zero changes
in PSI negative drawdowns may be calculated.
A FORTRAN program was written to read the ".cv" file and produce a second file by extracting the records at a frequency of 40
per log-time cycle (in minutes) in order achieve equal representation of data throughout the pumping and drawdown phases of the test.
Elevation (in ft above mean sea level) based on initial groundwater elevation (see Table 5.2) minus drawdown.

Notes: = early time date filtered to remove calculated negative drawdown values
= initial measurement of groundwater elevation not available; approximate initial groundwater elevation estimated from adjacent wells.
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Revised Table C.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test Recovery Data

11-2 3664.8 I-i,4C T 36609 111-16 " 3660.2 il1-1 1 3662.1 11-11C 3662
Time (days) DrawdownLf

8
l Elevation (ft) Time da Drawdown I E (It) IElevation (ft Time days) JDrawdoon(tt) LElevation(f() Timeadaa ) Ilsrawrawownj)IIElevation(6) Time (days) ki(ft)

3.000035
3.00004(
3.00005E
3.00007C
3.000081
3.000092
3 00010'
3.00011(
3.000123
3.00013E
3.000151
3.000162
3.000174
3.00018'
3.000193
3.00020E
3.00022[
3.000232
3.00024"
3.000251,
3.00026E
3.00027E
3.000286
3.000301
3.000312
3.000322
3.00033f
3.00034C
3.00035E
3.00037C
3.000382
3.00039'
3.00040,'
3.0004131
3.00042E
3.000451
3 000486
3.00049E
3.000506
3.00053 ,
3.00054,
3.00056,
3.00059C
3 000625
3.00066C
3.00068K
3.00071E
3.00076'
3.00079S
3.000822
3.00085;
3.00093E
3.000995

3.052742
3.04579E
3.094334
3.050451
3.089717
3.061977
3.07582
3.055066
3.07815M
3.05735E
3.066594
3.05506E
3.071212
3.089717
3.04812N
3.050451
3.09895,
3.03656Z
3.075826
3.08509,
3.08739C
3.085096
3.029654
3.071212
3.071212
3.101243
3.071212,
3.03888&
3.09662.
3.031945
3.082772
3.043507
3.08509-
3.048124
3.09662,
3.082772
3.034272
3.041186
3.03888&
3.05506E
3.034272
3.06892
3.094334
3.052742
3.08739C
3.07582,
3.05506E
3.061977
3.048124
3.08509.
3.041186
3.041186
3.050451

3661.7
3661.8
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.8
3661.7
3661.7
3661.8
3681.7
3661.7
3661.7
3661.7
3661.8
3661.7
3661.7
3661.7
3661.7
3661.8
3661.7
3661.8
3661.7
3661.8
3661.7
3661.8
3661.7
3661.7
3661.8
3661.8
3661.8
3661.7
3661.8
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.8
3661.7
3661.8
3661.8
3661.7

3.030035
3.000046
3000058
3000070
3.000081
3000093
3.000104
3000116
3 000127
3.000139
3.000151
3.000162
3.00174
3.000185
3.000197
3.000208
3.006220
3.000232
3.000243
3000255
3.000266
3.000278
3.000289
3.000301
3.000313
3.000324
3.000336
3.000347
3.000359
3.000370
3 (00382
3.000394
3.000405
3.000417
3.000428
3.000451
3.000486
3 000498
3.000509
3.000532
3.000544
3.000567
3.000590
3 000625
3.000660
3.000683
3000)718
3.000764
3.000799
3.000822
3.000857
3.000938
3.000995

17.052602
17.01795'
17.07569(
16.999446
17.03642'
17.006392
17.027186
17 013333
16.99715f
16.980976
17.05216W
17.02024(
17.00177A
17.01333-
17.02024(
17.004063
17.01333-
17.027186
16.992541
16.99021'
17.02024(
16.97403(
17.057226
16.99021'
17.03409f
17.01562E
17.022572
16.96941E
17.00639T
17.02024E
16 918621
17.02257`1
16 997151
17.008686
17.03180-
17.02948(
17.027 186
17.04104,
17011011
16.992541
17.00868'
17.05722(
17.022572
17.008686
17.03642'
17.02257,
17 01795,
16.99021'
17.015621
16.099446
16.97868E
17.02948(
16.97636,

36438
3643.9
3643.8
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.8
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.8
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
36440
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.8
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9
3643.9

3.000035
3.000046
3.000058
3.000070
3.000081
3.000093
3.000104
3. 000116
3.000127
3.000139
3.000151
3.000162
3.000174
3.000185
3.000197
3.000208
3.000220
3.000232
3.000243
3.000255
3.000266
3.000278
3.000289
3.000301
3.000313
3.000324
3.000336
3.000347
3.000359
3.000370
3.000382
3.000394
3.000405
3.000417
3000428
3.000451
3.000486
3.000498
3.000509
3.000532
3.000544
3.000567
3.000590
3.000625
3.000660
3.000683
3000718
3.000764
3.000799
3.000822
3.000857
3.000938
3.000995

10.293365
10.353427
10.328013
10.318778
10.309544
10.328013
10.445812
10.274895
10.291038
10.399637
10.307217
10.328013
10.267951
10.445812
10.323396
10.291038
10.300273
10.300273
10.330304
10.281804
10.399637
10.314161
10.314161
10.371897
10.328013
10.295656
10.297982
10.316452
10.334957
10.323396
10.274895
10.316452
10.286421
10.284130
10.302600
10.297982
10.318778
10.311835
10.286421
10.348810
10.281804
10.286421
10.261007
10.295656
10.293365
10.288747
10425015
10.427342
10.316452
10.286421
10.323396
10.358045
10.277186

3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
36499
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
36499
3649.9
3649.9
3649.8
3649.8
3649.9
3649.9
3649.9
3649.8
3649.9
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3.000035
3000046
3.00058
3.000070
3.000081
3.000093
3.000114
3.000116
3.000127
3.000139
3.000151
3.000162
3.000174
3 000185
3.000197
3.000208
3.000220
3.000232
3000243
3.000255
3.000266
3000278
3.000289
3.000301
3 D09313
3.000324
3.000336
3000347
3.000359
3000370
3000382
3.000394
3.000405
3000417
36000428
3.000451
3.000486
3.000498
3.000509
3.000532
30600544
3 00567
3.000590
3000625
3000660
3000683
3000)718
3.000764
3000799
3000822
3.000857
3.000938
3 000995

3347297
3.370374
3.455759
3.448836
3.444220
3.444220
3.358835
3.351912
3.430374
3.437297
3.335759
3.400374
3.432)682
3.393451
3.409605
3.432682
3.391143
3.448836
3.356528
3.488066
3.344989
3.326528
3.483451
3.425759
3.39 1143
3.400374
3.432682
3.451143
3.455759
3.437297
3.421143
3.425759
3.428066
3.384220
3.458066
3.432682
3.432682
3.414220
3.451143
3. 441912
3.402682
3.414220
3.448836
3.356528
3.432682
3.476528
3.340374
3.354220
3.428066
3.448836
3.340374
3.448B36
3.432682

3658.8
3658.7
3658.6
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.8
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.6
3658.8
3658.8
3658.6
3658.7
36587
3658.7
3658.7
36586
3658.6
3658.7
3658.7
3658.7
3658.7
3658.7
36586
36587
3658.7
3658.7
3658.6
3658.7
3658.7
3658.7
3658.7
3656.7
3658.7
3658.6
3658.8
3658.7
3658.7
3658.7
3658.8
3658.7
3658.7

3.002651
3.002662
3.002674
3.002=685
3002697
3.002708
3.002720
3.002732
3.002743
3.002755
3.002766
3.002778
3.002789
3.002801
3.002813
3.002824
3.002836
3.002847
3.002859
3.002870
3.002882
3.002894
3.002905
3.002917
3.002928
3.002940
3.002951
3002963
3.002974
3.002986
3.002998
3.003009
3.003021
3.003032
3.003D44
3.003067
3.003102
3.003113
3.003125
3.003148
3.003160
3.003183
3.003206
3.003241
3.003276
3.003299
3.003333
3.003380
3.003415
3.003438
3.003472
3.003553
3.003611

91.335097
89.775840
89.062054
88.339016
87.676058
8707776V
86.327019
85.668660
85.077308
84.428184
83.869172
83.215448
82.612535
82.021165
81.385929
80.928536
80.267886
79.845142
79.119812
78.657802
78.015622
77.498184
76.918375
76.403246
75.733344
75.220524
74.786254
74.093246
73.559648
73.032957
72.704941
71. 935711
71.480644
70.889274
70.441134
69.438598
68.024879
67.482028
67.024652
66.121445
65712579
64.809363
64. 010101
62806583
61.730133
60.965520
59.974528
58.627797
57.664528
57.070866
56.197673
54.402802
53.229332

3571
3572
3573
3574
3574
3575
3576
3576
3577
3578
3578
3579
3579
3580
3581
3581
3582
3582
3583
3583
3584
3585
3585
3586
3586
3587
3587
3588
3588
3589
3589
3590
3591
3591
3592
3593
3594
3595
3595
3596
3596
3597
3598
3599
3600
3601
3602
3603
3604
3605
3606
3608
3609
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Revised Table C.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test, Recovery Data

11-2 13664.8 11-14 "3660.9 
11

-
15  

1 3660.2 11-19 "3662.1 11 -iIC 3662
Time (days)lrawdown (ft)l Elevation ft) Time (days) Drawdown (ft Elevation 36 ) fTime Idays) Drawdown it) Elevation itt) Time (days) ,oraweown It) Elevation (ft JT.m!ay)tL jorawdewn()t a

3.00107E
3001131
3.001215
3.001285
3 001351
3.001422
3.00152E
3.00162C
3.00173E
3 00184C
3 001971
3.00213C
3 002245
3.00239E
3.002535
3.002672
3 00281.•
3 00296E
3.00316C
3.003322,
3.003495
3.003727
3.00395E
3.004201
3.004432
3.004661
3.00488&
3005231
3.00559C
3.00592E
3.006286
3.00662(
3.00696E
3.00731,'
3.007672
3.00800C
3.00835f
3.00906,1
3.0097451
3.010451
3.011131
3.01184C
3.012522
3.01321E
3.01391.
3.01495,'
3.015995
3.01704E
3.01809(
3.019471
3.02085f
3.022245
3.02363'

3.066594
3.055068
3.092008
3.038889
3.082773
3.094334
3.103569
3.061977
3.071212
3.075829
3.094334
3.085099
3.057359
3.031945
3.045798
3.055068
3.057359
3.048124
3.050451
3.085099
3.080446
3.064303
3.048124
3.075829
3.126656
3.048124
3.094334
3.05506E
3.048124
3.186710
3.080446
3.057359
3.052742
3.048124
3.089717
3.101243
3.195954
3.034272
3.154396
3.061977
3.087390
3.112804
3.12203S
3.182101
3.098952
3.025037
3.061977
3.006532
3.05506e
3.108166
3048124
3.022711
3.036563

3661.7
3661.7
3661.7
3661.8
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.7
3661.8
3661.8
3661.7
3661.7
3661.8
3661.7
3661.7
3661.7
3661.7
3661.8
3661.7
3661.7
3661.8
3661.7
3661.7
3661.8
3661.6
3661.7
3661.7
3661.7
3661.8
3661.7
3661.7
3661.6
3661.8
3661.6
3661.7
3661.7
3661.7
3661.7
3661.6
3661.7
3661.8
3661.7
3661.8
3661 7
3661.7
3661.8
3661.8
3661.8

3.001076
3.001134
3.001215
3.001285
3.001354
3.001423
3.001528
3.001620
3.001736
3.001840
3.001979
3.002130
3002245
3.002396
3.002535
3.002674
3.002812
3.002986
3.003160
3.003322
3.003495
3.003727
3.003956
3.004201
3.004433
3.004664
3004884
3.005231
3.005590
3.00592
3.006265
3.00662C
3.00696E
3.007315
3.007673
3.00800S
3.008356
3. 009062
3.009745
3.010451
3.011134
3.01184C
3.012523
3 013218
3.013912
3.014954
3.01599E
3.017048
3.01809C
3.019479
3.020856
3. 022245
3.023634

17.038715
17.008684
17.038715
17.013337
17.013337
16.914009
16.987923
16.987923
16.967127
16.971745
16.976362
16.946331
16955566
16.955566
16.946331
16.962510
16.950948
16883978
16.918626
16.877034
16.42385
16.665472
16.840059
16.826206
16.761527
16. 775379
16.724587
16.641402
16.655255
16.625259
16.549018
16. 477394
16. 417332
16.354979
16.301825
16. 241798
16.195588
16.068520
16.054667
15.899894
15.786713
15.638884
15. 544173
15. 472550
15. 354752
15.218448
15. 045205
14.899667
14763364
14.610917
14.421496
14. 308315
14.038035

36439
3643.9
3643.9
3643.9
3643.9
3644.0
3643.9
3643.9
3643 9
3643.9
36439
3644.0
36439
36439
3644.0
3643 9
3643.9
36440
36440
36440
3644.1
3644.0
3644.1
3644.1
3644.1
3644.1
3644.2
3644.3
3644.2
3644.3
3644.4
3644.4
3644.5
3644.5
3644.6
3644.7
3644.7
3644.8
3644.8
3645.0
3645.1
3645.3
3645.4
3645.4
3645 5
3645.7
3645.9
3646.0
3646.1
3646.3
3646.5
3646.6
3646.9

3.001076
3.001134
3.001215
3.001265
3.001354
3.001423
3.001528
3.001620
3.001736
3.00184C
3. 00197S
3.002130
3 002245
3.00239E
3.002535
3.002674
3.002812
3. 002986
3.00316C
3.003322
3.003495
3.003727
3.003958
3.004201
3004433
3.004664
3.004884
3.005231
3 005590
3.005926
3.006285
3.006620
3.006968
3.007315
3.007673
3.008009
3.008356
3.009062
3.009745
3.010451
3.011134
3.011840
3.012523
3013218
3.013912
3.014954
3.015995
3.017048
3.018090
3.019479
3.020856
3.022245
3.023634

10.351101
10.304926
10.277186
10.346483
10.300273
10.323396
10.346483
10.385749
10.325687
10.2933665
10.302600
10.334957
10.316452
10.304926
10 .341866
10.337248
10316452
10.286421
10.348810
10.364953
10.328013
10.323396
10.279512
10.328013
10.422724
10.330304
10.362662
10.302600
10.348810
10.302600
10.355718
10.302600
10.323396
10.297982
10.351101
10.358045
10.316452
10.307217
10.291038
10.316452
10.300273
10.339575
10.316452
10.314161
10.307217
10.297982
10.318778
10.344192
10.353427
10.332631
10.325687
10.341866
10.323396

3649.8
36499
3649.9
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.8
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.8
3649.8
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.8
3649.9
3649.9
3649.9
3649.9
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3.001076
3. 001134
3.001215
3.001285
3.001364
3.001423
3.001528
3.001620
3.001736
3.001840
3.001979
3.002130
3.002245
3.002396
3.002535
3.002674
3.002812
3.002966
3.003160
3.003322
3.003495
3.003727
3.003958
3.004201
3.004433
3.004664
3.004884
3.005231
3.005590
3.005926
3.006285
3.006620
3006968
3 007315
3007673
3008009
3008356
3.009062
3.009745
3010451
3 .011134
3.011846
3.012523
3 013218
3013912
3 014954
3 015995
3 017048
3 018090
3019479
3.020856
3.022245
3023634

3.354220
3.354220
3.349605
3.344989
3.328835
3.421143
3.35420
3.358835
3.364220
3.462682
3441912
3.351912
3.363451
3.351912
3.356528
3.437297
3.437297
3377297
3. 377297
3.432682
3.425759
3.409605
3.511143
3.453451
3.358835
3.377297
3386528
3458066
3.393451
3.388836
3.349605
3.368836
3.368066
3.393451
3.494989
3474220
3.508836
3379605
3.453451
3.416528
3.361143
3.388836
3.391143
3.458066
3.379605
3.409605
3.485759
3.515759
3506528
3458066
3.414220
3.501913
3.504220

3658.7
3658.7
3658.8
3658.8
3658.8
3658 7
3658.7
3658.7
3658.7
3658.6
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
3658.7
36587
36587
3658.7
36587
3658.7
3658.6
3658.6
3658.7
3658.7
36587
36586
36587
3658.7
3658.8
3658.7
3658 7
36587
36586
36586
3658.6
3658.7
3658.6
3658.7
3658.7
3658.7
3658.7
36586
3658.7
3658.7
36586
3658.6
36586
3658.6
3658.7
3658.6
3658.6

3.003692
3.003751
3.003821
3.003900
3.003971
3.004039
3.004144
3.004236
3.004352
3.004457
3.004595
3.004745
3.004861
3.005012
3.095151
3.005289
3.095428
3005602
3.095776
3.095938
3.006111
3.006343
3.006574
3.006817
3.007048
3.007280
3.007500
3007847
3008206
3.008542
3.008901
3.009236
3.009583
3009931
3.0100289
3.010625
3.010972
3.011678
3.012361
3.013067
3.013750
3.014456
3.015139
3.015833
3.016528
3.017570
3.018611
3016664
3.020706
3.022095
3.023472
3.024861
3.026250

51.808687
5090938
50.133923
49.177597
48.334434
47. 567513
46.484136
45.405359
44.317348
43.307886
42. 021218
40.621351
39 639594
38. 581614
37.555973
36.467962
35.574007
34.502157
33.561992
32. 691125
31.808696
30.702214
29. 701987
28. 727157
27.902481
27.126325
26.454114
25 465448
24.559915
23.811480
23.319456
22.707308
22.210649
21. 700137
21.258923
20.866227
20.501254
19. 852148
19. 337019
18.884243
16.438429
18.108086
17.823954
17. 537r513
17. 288046
16. 902277
16. 613527
16.340938
16.109•41
15.758820
15.500101
15.246000
14. 987281

3610
3611
3612
3613
3614
3614
3616
3617
3618
3619
3620
3621
3622
3623
3624
3626
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3637
3638
3639
3639
3640
3640
3641
3641
3641
3642
3643
3643
3644
3644
3644
3644
3645
3645
3645
3646
3646
3646
3646
3647
3647
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Revised Table C.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis: Burdock Test Recovery Data

11-2 T 3664.8 11-1, " 36609 11-1 " 36602 11-19 3662.1 j11-11C 1 1 3662Time (days) r4Drawdown (ft)I Elevation (t) ITime (dlays) jcrrdown (ft) LElevationi(t) TTie (days)) Drawdown (fl) LElevation (t) Time (It
3.02503'
3.026423
3.02781,
3.029537
3.031280,
3.033001
3 03474'
3037060
3.03937t
3.041701
3.04400'
3.046331
3.04863'
3.05210E
3.05559(
3.05906',
3.06253'
3.06599'
3.06946f
3.072951
3.07647(
3 07994,
3.083530
3.09059(
3.09741E
3.10436T
3.11130E
3.118257
3.125197
3.132141
3.13908E
3.14950,
3.159911
3.17033(
3.180757,
3.194641
3.20853(
3 222411
3.23630f
3.2501997
3.26408(
3.27797'
3.295331
3.312697
3.330051
3.347411
3.370567
3.39371!
3.41686'
3.440127
3.46316C
3.49630f
3.52103(

3.038886
3075826
3.094334
3.027328
3.055068
3.07582S
3.061977
3.101243
3.07582S
3.168249
3.064303
3.05735E
3.045798
3.048124
3.034272
3.04118C
3.057356
3.029654
3.05735S
3.048124
3.08739C
3.061977
3.006532
3.087396
3.048124
3.041118C
3.001914
3.013476
3.018093
3. 001914
2.997297
3.025037
3.018093
2.964975
2.953413
2.92570S
2.941852
2.916436
2 877172
2854085
2.821728
2796346
2.805584
2.872555
2.810202
2.78478E
2.727017
2715491
2.634632
2.639250
2.655428
2.57689E
2.53763C

3661.8
3661.7
3661.7
3661.8
3661.7
3661.7
3661.7
3661 7
3661.7
3661 6
3661.7
3661.7
3661.8
3661.8
3661.8
3661.8
3661 7
3661.8
3661.7
3661 8
3661 7
3661 7
3661.8
3661.7
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.8
3661.9
3661.9
3661 9
3661.9
3661.9
3662.0
3662.0
3662.0
3661.9
3662.0
3662.0
3662.1
3662.1
3662.2
3662.2
36621
3662.2
3662.3

3.025035
3.026423
3.027812
3.029537
3.031285
3033009
3.034745
3 037060
3.039375
3.041701
3.044005
3.046331
3.048634
3.052106
3.055590
3.059062
3062535
3.065995
3.069468
3072951
3076412
3079942
3.083530
3.090590
3.097419
3.104363
3111308
3.118252
3. 125197
3. 132141
3.139086
3 149502
3. 159919
3170336
3.180752
3. 194641
3 208530
3 222419
3.236308
3. 250197
3.264086
3. 277974
3.295336
3. 312697
3.330058
3.347419
3. 370567
3393715
3.416863
3.440127
3463160
3.486308
3.521030

13.987207
13.850939
13.663809
13.550628
13.342737
13.254934
13.146371
12.896887
12.797559
12.642786
12.469543
12.388684
12.099934
12.032963
11.838924
11.656446
11.453137
11.242954
11. 085855
11.011940
10.850259
10.653893
10.515299
10.221931
10.027892
9.868502
9.542777
9.351064
9.136229
8.946807
8.755059
8.542550
8.369307
8.092118
7.958106
7.593150
7.445286
7.110361
6.913996
6.789254
6.609067
6.359618
6.246402
6.077777
5.916095
5.733582
5.514129
5.336269
5.156082
4.957425
4.832683
4.701033
4.520846

3646.9
3647.0
3647.2
3647.3
3647.6
3647.6
3647.8
3648.0
3648.1
3648.3
3648.4
3648.5
36488
3648.9
3649.1
3649.2
36494
3649.7
36498
36499
36500
3650.2
3650.4
3650.7
3650.9
3651.0
3651.4
3651.5
3651.8
3652.0
36521
36524
36525
3652.8
36529
36533
36535
36538
36540
36541
3654.3
3654.5
3654.7
3654.8
3655.0
3655.2
3655.4
3655.6
36557
3655.9
36561
3656.2
3656.4

3.025035
3.026423
3.027812
3.029537
3 031285
3.033009
3.034745
3.037060
3.039375
3.041701
3.044005
3.046331
3.048634
3.052106
3.055590
3.059062
3.062535
3.065995
3.069468
3072951
3.076505
3.079977
3.083449
3.090509
3.097338
3.104282
3. 1112•17
3.118171
3.125116
3.132060
3.139005
3.149421
3.159838
3.170255
3.180671
3.194560
3.208449
3.222338
3.236227
3.250116
3.264005
3.277893
3.295-55
3.312616
3.329977
3.347338
3.370486
3.393634
3.416782
3.440046
3.463079
3.486227
3.520949

10.267951
10.311835
10.358045
10.316452
10.316452
10.325687
10.321070
10.355718
10.328013
10.330304
10.330304
10.321070
10.297982
10.328013
10.291038
10.316452
10.311835
10.364953
10.431959
10.263334
10.302600
10.286421
10.270277
10.247155
10.205563
10.191710
10.161679
10.177858
10.170914
10.085473
10.043881
10.020794

9.988436
9.875255
9.771310
9.674272
9.611919
9.440967
9.343965
9.253872
9.133747
9.057506
8.875028
8.766465
8.583952
8.438414
8.295202
8.068841
7.932537
7.729263
7.556020
7.412773
7.110171

3649.9
3649 9
3649.8
3649.9
3649.9
3649.9
3649.9
3649.8
36499
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.9
3649.8
3649.8
36499
3649.9
36499
36499
36500
3650.0
3650.0
3650.0
3650.0
3650 0
3650.1
3650.2
3650.2
3650.2
3650.3
3650 4
3650.5
3650.6
3650 8
36509
3650.9
3651.1
3651.1
3651.3
3651.4
3651.6
3651.8
3651.9
3652.1
3652 3
3652 5
3652.6
36528
3653.1

3 of 4

3.02503,
3 026427
3.02781,
3.029537
3.031280'
3.03300M
3.03474t
3.03706C
3.039370'
3.041701
3.044000
3.046331
304863'
3.05210E
3.055591
3.05906W
3.062530
3.06599W
3 069491
3072951
3 076417,
3 079891
3.083489
3.09054e
3.097377
3.104317
3 111 2'6.
3.118201
3.125151
3.13209W
3.13903c
3.149450
3.159877
3.17028K
3.18070E
3 19459'
320848'
3 222373
3 236267
3 250151
3.26403E
3.27792E
3 29528K
3312651
3.330017
3.347373
3.370521
3.393661
3.416817
3.440081
3.463117
3.486267
3.52098'

3448836
3529605
3.414220
3.402682
3.441912
3.430374
3.511143
3.384220
3.499605
3. 471912
3.476528
3.501913
3.488066
3.444220
3.483451
3.379605
3.464989
3.374990
3.464989
3. 361143
3.368066
3.370374
3351912
3.340374
3.326528
3.342682
3261913
3.268836
3. 280374
3.261913
3.259605
3. 201912
3.197297
3.178836
3.144220
3.104990
3.132682
3 102682
3.102682
3.044989
3.042682
2.998836
2.964220
2.941143
3.038066
2.945759
2.890374
2 844220
2.830374
2.784220
2. 731143
2.682682
2.687297

3658.7
3658.6
3658.7
3658.7
3658.7
3658.7
3658.6
3658.7
3658.6
3658.6
3658.6
3658.6
3658.6
3658.7
3658.6
3658.7
36586
36587
3655.6
3658.7
3658.7
36587
36587
3658.8
3658.8
3658.8
3658.8
3658.8
36588
36588
3658.8
3658.9
3658.9
3658.9
3659.0
36590
36590
36590
3659.0
3659.1
3659.1
3659.1
3659.1
3659.2
3659.1
3659.2
36592
3659.3
36593
3659.3
3659.4
36594
3659.4

3.027651
3.02903E
3.03042E
3.03215Z
3.033901
3.03562,
3.037361
3.03967E
3.041991
3.044317
3.04662C
3.048947
3.05125S
3.0547Z
3.05820(
3.061671
3.065151
3.068611
3.07208,
3.075567
3.07902E
3.08250(
3.08610o
3.09316(
3099981
3.106937
3.113877
3.12082,
3.12776E
3.134711
3.141650
3.152077
3.16248&
3.17290,
3.18332,
3.197211
3.211101
3.22498E
3.238877
3.25276E
3.266650'
3.28054,
3.29790,
3.31526E
3.332627
3.349981
3.373137
3.396280'
3.419437
3.442697
3.465726
3.488877
3.52360(

14.83019c
14.666191
14.37975(
14.231902
13.99167`1
13.82766'
13.647477
13 46961E
13.23629'
12.99606,
12.827437
12.68189,c
12.517891
12.203727
12.01892c
11.79717E
11.58003.
11.39523•1
11 210420
11.048727
1090782'
10.704537
10.554392
10.26333!
10 020776

9.722790
9.533371
9.297757
906212,
8.8657,7f
8 678660
8.394531
8.12427(
7951027
7.6969201
7.368891
7.22798&
6.97850f
6.72671,
6521121
6.370977.
6.19080'
5.94593E
5. 779621
5627157
5.426191
5.20443(
5.05427'
4.848691
4. 696227
4.54839E
4 389007
426195(

3647
3647
3648
3648
3648
3648
3648
3649
3649
3649
3649
3649
3649
3650
3650
3650
3650
3651
3651
3651
3651
3651
3651
3652
3652
3652
3652
3653
3653
3653
3653
3654
3654
3654
3654
3655
3655
3655
3655
3655
3656
3656
3656
3656
3656
3657
3657
3657
3657
3657
3657
3658
3658
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Revised Table C.3-1:
Time and Water Level Data Values Used in Pumping Test Analysis Burdock Test, Recovery Data

11-2 3664.8 11-14C 3660.9 11-15 3660.2 11-19 3662.1 11-11C 3662
Time (days) Drawdown (Ift) Elevation (if) Time (days) Drawdown (ift) Elevation (Ift) ime (days) Drawdown (Ift) Elevation (if) Time (days) Orawdown (ft) Elevation (Ift) ime (days) Drawdown (Ift) Elevation (Ift)

3.555752 2445211 36624 3555752 4262127 3656.6 3.555671 6.911514 3653.3 3.555706 2.613451 3659.5 3.558322 4070226 3658
3.590474 2.401327 3662.4 3.590474 4.14200D3 3656.8 3.590393 6.645887 3653.6 3.590428 2.509605 3659.6 3.593044 3.922379 3658
3.625197 2.387475 3662.4 3.625197 3.984938 3656.9 3.625116 6.458756 36537 3.625151 2.541913 3659.6 3.627766 3.806872 3658
3.659919 2.320469 3662.5 3.659919 3.855544 3657.0 3.659838 6.262426 36539 3.659873 2486528 3659.6 3.662488 3.647481 3658
3694641 2.281203 3662.5 3.694641 3.696188 3657.2 3694560 6059117 36541 3.694595 2414969 36597 3.697211 3.541227 3658
3.729711 2.269641 3662.5 3.729711 3.603769 3657.3 3.729630 5.839664 3654.4 3.729664 2.368835 3659.7 3.732280 3.393398 3659
3.764086 2.198053 3662.6 3.764086 3490588 3657.4 3.764005 5.659512 3654.5 3.764039 2.350374 3659.7 3.766655 3.300995 3659
3.798808 2.174930 36626 3.798806 3.361229 3657.5 3.798727 5.483943 3654.7 3.798762 2.331913 3659.8 3.801377 3.134679 3659
3.833530 2.131047 3662.7 3.833530 3.296549 3657.6 3833449 5.363819 3654.8 3.833484 2.297297 3659.8 3.836100 3 104648 3659
3902974 2.059459 3662.7 3.902974 3.146393 3657.8 3902893 5.033476 3655.2 3.902928 2.267297 3659.8 3.905544 2 956801 3659
3973113 2089490 36627 3.973113 3.010090 36579 3.973032 4.802497 36554 3.973067 2.179605 3659.9 3.975683 2804336 3659
4.041863 1.948569 3662.9 4.041863 2.797581 3658.1 4.041782 4.504512 3655.7 4.041817 2.274220 3659.8 4.044433 2663433 3659
4111308 1.92T773 3662.9 4.111308 2.605868 3658.3 4.111227 4.303529 3655.9 4111262 2.031913 3660.1 4.113877 2.538691 3659
4180752 1 796087 3663.0 4.180752 2.529627 3658.4 4.180671 4.035576 3656.2 4.180706 1.974220 3660.1 4.183322 2 340035 3660
4250197 1 752204 36630 4.250197 2 402559 3658.5 4.250116 3811505 36564 4250151 1.928066 36602 4252766 2270737 3660
4319641 1.708320 3663.1 4.319641 2.354058 3658.5 4.319560 3.635936 3656.6 4.319595 1.907297 3660.2 4.322211 2125190 3660
4389086 1.664436 36631 4.389086 2.250112 36566 4.389005 3.476545 3656.7 4389039 1.828836 3660.3 4.391655 2.072063 3660
4.493252 1.664436 3663.1 4.493252 2.160019 36587 4.493171 3.296359 3656.9 4.493206 1.798836 3660.3 4.495822 1975044 3660
4.597419 1.560491 36632 4.597419 2.065308 36588 4.597338 3.109263 3657.1 4.597373 1.734220 3660.4 4.599988 1 963500 3660
4701586 1.535077 36633 4.701586 1919710 36590 4701505 2.919842 3657.3 4.701539 1.701913 3660.4 4.704155 1820288 3660
4805752 . 1 456545 3663.3 4.805752 1.910535 36590 4805671 2751216 3657.4 4.805706 1.688066 3660.4 4.808322 1 732504 3660
4.944641 1.433422 3663.4 4.944641 1.792737 36591 4.944560 2.612622 3657.6 4.944595 1.618636 3660.5 4.947211 1.644719 3660
5083530 1.361834 3663.4 5.083530 1.665668 3659.2 5083449 2.460140 3657.7 -6.083368 1.54905 7-3660.6 5.086100 1.554625 3660
5222419 1.347946 3663.5 5.222419 1.540926 3659.4 5.222338 2.229161 3658.0 5.22373 1.480374 , 3660.6 6 5.224988 1.439136 3661
5.361308 1.165469 3663.6 5.361308 1.370010 3659.5 5.361227 2.097475 3658.1 5'36i146 :- ;1436528 _36607 5.363877 1.337481 3661
5500197 1.075375 3663.7 5.500197 1339970 36596 5.500116 1 917288 3658.3 56150 0 .1.41143 .36606 5.502766 1.191961 3661
562086 1 015313 3663.8 5.639086 1.268355 36596 5639005 1 797164 36584 5.633i9i4. 1.401912 366b.7, 5641655 1044114 3661
5.777974 0.971429 3663.8 5.777974 1.092786 3659.8 5.777894 1688601 3658.5 6.77•813.. 1`1687297 .' '3660.9 5.780544 1.030262 3661
5.909340 0.927546 3663.9 5.909340 1.182878 3659.7 5.909375 1.612395 3656.6 5893901 1.09488' 3661.0 5.911910 1.062601 3661

General Methodology: PSI, temperature, and time readings from Win-Situr digital data log were exported to Excel "'sv" file.
Drawdown was calculated as PSI at time after pumping minus average PSI before pumping, therefore, at small or zero changes
in PSI negative dramedowns may be calculated.
A FORTRAN program was written to read the ".csv' file and produce a second file by extracting the records at a frequency of 40
per log-time cycle (in minutes) in order achieve equal representation of data throughout the pumping and drawdown phases of the test.
Elevation (in ft above mean sea level) based on initial groundwater elevation (see Table 5.2) minus drawdown

Note - J Extracted manually from digital data log.
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TR RAI-P&R-12
Clarification of breccia pipes

TR RAI-P&R-12(a)

a. Background: Exhibit 2.2-1 of the Technical Report Supplement includes a reference to

Geological Survey Professional Paper 763 (Gott et al. 1974). NRC staff found that the

illustrated breccia pipe study area within the 1974 document does not appear to include the

Dewey half of the license area.

Needed: Please specify the source(s) of information used to illustrate breccia pipe locations in Exhibit

2.2-1 of the Technical Report Supplement. Additionally, please specify the specific area of the map in

Exhibit 2.2-1 that illustrates known breccia pipe locations. This information is necessary for staff to

understand the potential impacts of the operations on water resources.

Response: TR RAI-P&R-12(a) (TR Section 2.7.2.1.7)
Plate 4 of the USGS Professional Paper 763 (Gott et al., 1974) was the source of information used to

illustrate the locations of breccia pipes or collapse features on the "Location of Breccia pipe or collapse

structure" map (Supplement Exhibit 2.2-1). On Gott's map, three categories of features were mapped;

1) "breccia pipes or collapse features", 2) "structures of possible solution origin" and 3) "topographic

depressions". On Supplement Exhibit 2.2-1, only "breccia pipes or collapse features" were plotted. The

Dewey half of the PAA is included in this Plate 4. The Dewey portion of the project is contained on the

Dewey and Twentyone Divide USGS 7Y22 quadrangle maps. On the Dewey quadrangle, the Gott et al.,

1974, map contained no "breccia pipes or collapse features" - but showed one "topographic

depression" and one "structure of possible solution origin". There were no features mapped on the

Twentyone Divide quadrangle map. Accordingly, no breccia pipe or collapse features were illustrated on

Exhibit 2.2-1 for the Dewey area.

Breccia pipes and collapse breccias have been mapped in the southern Black Hills since Darton in 1905.

These collapse features originate in anhydrite and gypsum sequences within the upper portion of the

Minnelusa Formation of Pennsylvanian age. Dissolution of these evaporite sequences by underlying

Minnelusa artesian water created solution cavities into which overlying Permian and Triassic sediments

collapsed. All breccia pipes or collapse structures shown on Exhibit 2.2-1 and labeled as occurring in the

Minnelusa Formation, Opeche Shale, Minnekahta Limestone or Spearfish Formation should be

considered to be "known" features.
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In Professional Paper 763, Gott presented the theory that breccia pipes may extend upward into the

Inyan Kara sediments. However, without specific confirming evidence, the presence of breccia pipes

higher in the stratigraphic column becomes more speculative. For example, Powertech (USA) geologists

conducted field examinations of several suspected breccia pipes or collapse features outside of the PAA

and illustrated on Exhibit 2.2-1 as occurring within the Sundance Formation. There were local, small-

scale normal faults associated with these features, but no evidence of solution collapses. Without the

presence of specific supporting field evidence, all these features shown on Supplement Exhibit 2.2-1

should not be considered to be "known" breccia pipes.

Powertech (USA) geologists also examined all suspected breccia pipes or collapse features shown on

Plate 4 of the USGS Professional Paper 763 outside of the PAA that supposedly penetrated the Morrison

and Inyan Kara sediments. Due to the high-grade uranium deposits that occur and have been mined

within breccia pipes in the Arizona Strip, the uranium industry has extensive experience in surface

exploration techniques for these features. Arizona Strip evaluation criteria were applied to these

features in the field. These criteria consisted of displaced sediments, brecciation, dip changes of surface

beds, fracture patterns and alteration. In addition, due to Gott's theory that breccia pipes were

conduits for migration of tremendous amounts of ascending groundwater as recharge to the Inyan Kara

aquifer, Powertech (USA) geologic team specifically searched for evidence of solution movement at

these sites.

In all cases, no geologic field evidence was found to support the upward stoping of breccia pipes and

aquifer recharge from the Minnelusa Formation, through the hundreds of feet of Jurassic-age, clastic

sediments and into the Inyan Kara. The geologic field evidence indicates that all features identified as

breccia pipes or collapse features within the Inyan Kara Group or Morrison Formation on Supplement

Exhibit 2.2-1 were the result of surface erosion and slump block activity. Therefore, all these above-

described breccia pipes or collapse features shown on this exhibit should not be considered to be

"known". The signature surface expressions for breccia pipes are lacking within the PAA. Nevertheless,

well field pump tests in areas peripheral to the initial and future mining areas will be performed and will

provide analytical data to confirm this conclusion.
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TR RAI-P&R-12(b)
Clarification of breccia pipes

b. Background: Exhibit 3.2.1 of the Technical Report Supplement and Figures 2.7-15 of the

Technical Report indicate that uranium recovery in the Lakota formation is proposed within

the northern portion of the Dewey license area where the Lakota's potentiometric surface is

relatively high and flat compared to the steeper gradient in the southern portion of the license

area. NRC staff is uncertain whether this anomaly in the Lakota's potentiometric surface is

linked to significant local recharge. For example, considering the absence of complete

information for the TVA Lakota aquifer test, Unkpapa potentiometric data, and coverage of

the 1974 breccia pipe study area (refer to 12a above) in the northern portion of Dewey license

area, staff is uncertain whether this anomaly in the Lakota's potentiometric surface is linked

to a pathway of significant local recharge from the Unkpapa (e.g., Lakota breccia pipes) to

areas that are adjacent to proposed Lakota well field production zones. Staff notes that

significant localized groundwater flow from the Unkpapa to an area that is adjacent to a

proposed Lakota well field production zone may potentially have an adverse effect on the

hydraulic containment of process fluids.

Needed: Staff requests further clarification of the cause of the relatively high and flat

potentiometric surface of the Lakota in the northern portion of the Dewey license area. This

information is necessary for staff to understand the potential impacts of the operations on water

resources.

Response: TR RAI-P&R-12b (TR Section 2.7.2.2.5 and 2.7.2.2.8)
The potentiometric surface drawn in Figure 2.7-15 does display an area near Dewey where the hydraulic

gradient is much shallower than down dip areas and locations near the Burdock side of the project.

Overall, the locally flat portion of gradient is based upon approximately three measurement locations,

with sparse data up and down gradient from which the contours were drawn. There are relatively small

differences between the measured potentiometric elevations at these wells, and the reported errors of

measurement are significant to the interpretation of the contours. These errors could be sufficient

enough to provide the sole explanation. Therefore, it is not conclusive of a true local difference in the

gradient.

However, assuming a local difference in the gradient is accurate, two explanations are possible:
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1) This change in gradient is the result of an area of the aquifer that simply has higher hydraulic

conductivity and transmissivity values. Based on a Lakota aquifer pump test in 1982 (Boggs,

1983), the transmissivity in that area is approximately 590 ft2/day. Two Lakota aquifer pumping

tests conducted in the Burdock area (Boggs and Jenkins, 1980 and Powertech (USA)'s 2008 test)

had average transmissivity values of 190 and 150 ft2/day, respectively. Based on the pump test

data alone, the transmissivity in the Dewey area is about 3 to 4 times greater than in the

Burdock area. The Dewey test results also indicated that results were influenced by the Dewey

Fault acting as a barrier boundary and/or a decrease in transmissivity with distance from the

test site (Boggs, 1983). Given the heterogeneous nature and fluvial depositional environment of

the Inyan Kara aquifer, this change in transmissivity is reasonable.

2) The change in the gradient may also be caused by "mounding" as the result of localized recharge

up gradient. Pass Creek flows from a significant basin up stream of the Lakota outcrop. The

location where Pass Creek crosses the Lakota outcrop is up gradient of central location where

the locally flat gradient is observed at Dewey. It is theorized that a relatively large portion of the

total local recharge into the Lakota may be from Pass Creek and thus focused into that location

causing a locally elevated potentiometric surface.

In response to the possibility of upwelling from the Unkpapa or breccia pipes connecting the Unkpapa to

the Lakota aquifer, this hypothesis is very unlikely. Two aquifer pump tests conducted by Powertech

(USA) in May 2008 revealed that the Unkpapa showed no hydraulic response to pumping in the Inyan

Kara at either Dewey or Burdock. Additionally, core data from the underlying Morrison aquitard has a

much lower permeability (TR 2.7.2.2.4). There is no data to indicate the Morrison is not an effective

confining layer.

Water quality data has been collected for the Lakota and Unkpapa aquifers. If significant upwelling of

water from the Unkpapa to the Lakota was occurring in the Dewey area, it would be expected that

water quality at Dewey would be noticeably different from water quality in the Burdock area. When

comparing water quality results, it is also important to note differences in water chemistry that are

primarily attributable to the well location and its proximity to an ore body, with a well either being up

gradient, within, or down gradient of a uranium ore body. Based on comparison of median water

quality within the Lakota and Unkpapa, the Unkpapa has a higher median total dissolved solids (TDS)

and lower sulfate concentrations. Comparing wells in the ore zone at both Dewey and Burdock, there is

little statistical difference between wells. However, because of the variability in water quality within the

Inyan Kara across the region, there does not appear to be data that supports or negates the possibility

for Unkpapa upwelling.
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TR RAI-P&R-13
Proposed operations I infrastructure outside of the license boundary.

Background: The Technical Report Supplement indicated that some of the proposed operations I

infrastructure may be outside of the proposed license boundary. NRC staff notes that Exhibit 3.1-3

shows a portion of the plant to plant pipeline to be outside of the license boundary. NRC staff also

notes that operations I infrastructure for the associated well fields (e.g., upgradient portion of the

horizontal excursion monitoring well ring) may also be outside of the license boundary.

NRC staff found that the application did not sufficiently address the control and containment of

process fluids for operations I infrastructure that is outside of the proposed license boundary. This

information is necessary for staff to understand the potential impacts of the operations on water

resources and to assess the manner in which the Dewey-Burdock operations will be protective of

human health and the environment.

Needed: NRC staff requests confirmation of the above-referenced well field locations relative to the

license boundary. Please further clarify the control and containment of process fluids for proposed

operations I infrastructure outside of the license boundary. Please further clarify the composition of

the material that will flow through the plant to plant pipeline.

NRC: The monitoring well ring appears to be outside the license area.

Clarification: Referring to Exhibit 3.1-4 and using the township range blocks for scale, the mine unit

outline of Dewey II and Burdock IV well fields appear to be located such that one or more of the

proposed horizontal excursion monitoring wells will be outside of the license boundary. Additionally,

cross referencing the proposed Burdock IV ore body for uranium recovery in Exhibit 3.1-4 to Exhibit

3..2-1, NRC is uncertain of the exact location of the Burdock IV well field relative to the license

boundary (Exhibit 3.-2-1 suggests both monitoring and production wells will be outside of the license

boundary).

Response: TR RAI-P&R-13
1. Confirmation of location of well fields and infrastructure is described and referenced below.

Confirmation of the first two well field and infrastructure locations are provided in the Updated SR
Exhibits- 3.1-2 and 3.1-3; the locations for the deep well facilities have also been included by reference;
see TR_RAI Table P&R-13 below. All infrastructure associated with the proposed project will be located
within the project boundary.
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TRRAI Table P&R-13: Obsolete and Replacement Exhibits and Figure for the TR and SR.

Obsolete Figure or Exhibit Purpose of Figure Title of Updated Replacement
and version date Figure or Exhibit

SR Exhibit 3.1-4 (28-Jun-09) Proposed Well Field TR Exhibit 2.7-1
Locations

SR Exhibit 3.1-2 (05-Aug-09) Proposed Initial Well Fields

SR Exhibit 3.1-3 (06-Aug-09) Plant-to-Plant Pipeline SR Exhibit 3.1-2 (12-17-10)

SR Exhibit 3.2-1 (01-Jul-09) Deep Disposal Well Option SR Exhibit 3.1-3 (12-17-10)
Land Application Option

Facility Location-Deep SR Exhibit 3.1-3 and
TR Figure 3.1-8 Appendix WR-7 of the ER RAI Response

Disposal Well Option Class V Application; Figure B-2b

2. Clarification of the materials that will flow through the plant-to-plant pipeline is described below.
The PA proposes to install up to eight underground conduits between the Central Processing Plant and

the Satellite Facility. These conduits include pipelines that may transport any of the various fluids
present during ISL operations as well as conduits for electronic communication and control purposes;
the fluids that may be transported include but are not limited to barren and pregnant production fluids,
restoration fluids, RO reject brines, waste water resulting from well drilling and maintenance operations,

and Madison or other aquifer water.

3. Clarification of monitoring well ring location is described below.
All well fields and their associated perimeter monitor well rings will be located within the proposed
license boundary. The proposed locations of well fields are depicted in revised TR Exhibit 2.7-1,
Proposed Well Fields.
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TR RAI-P&R-14
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

TR RAI-P&R-14(a)

a. The supplemental information provided on the liquid waste disposal options needs to be

integrated into the application in a clearer manner. Rather than just indicating that here is

some supplemental information, the sections of the original application that no longer apply

should be identified, and other sections that need modification based on the new information

should be updated (e.g., 6.1.9). As is, the documentation on liquid waste disposal is confusing

and inconsistent.

Needed: The applicant needs to bring greater clarity and organization to the new information on

liquid disposal options.
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Response: TR RAI-P&R-14(a) (TR Section 6.1)
Clarification and organization to new information on the topic of liquid disposal is described below in TR-

RAI Table P&R-14.1.

TR-RAI Table P&R-14.1: Modifications and Clarification to Prior Submissions

Document Section Topic/original statement Revised
No.

TR 3.1.5.2 Disposal of CPP brines by The offsite disposal of CPP brines is no
trucking to disposal well at longer being considered
Burns Wyoming

6.1.3 No section on Groundwater A new TR Section 6.1.3.2 on groundwater
sweep was provided, sweep is provided with a revised TR

Section 6.1.3 in the response to TR-RAI-
6.1-4.

Use of Reverse Osmosis RO will be utilized only with the deep well
technology option.

6.1.3.1 Class I Disposal wells Class I injection well is no longer an
option. Application has been made to US
EPA for Class V deep disposal wells.

6.1.6 Target disposal zone stated Both the Minnelusa Formation and the
to be the Minnelusa Deadwood Formations are target disposal
formation zones

6.1.9 Waste Water disposal A revised TR section 6.1.9 is provided.
methods

SR; 2009 4.2 Number of deep disposal A maximum of eight disposal wells will be

wells stated to be two utilized.

4.2 Target disposal zone stated Both the Minnelusa Formation and the

to be "the Minnelusa Deadwood Formation are target disposal
formation, or deeper." zones.

Exhibit Location of Disposal wells Locations of the first four Class V wells are

3.1-3 shown in updated SR Exhibit 3.1-3
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TR RAI-P&R-14(b)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

b. It appears that the applicant is proposing several options for liquid waste disposal: direct

disposal in deep wells; disposal in deep wells after extracting radium in settling ponds; or land

application after extracting radium in settling ponds. This is not clearly stated in the

application.

Needed: The applicant (upfront in Section 4.2) needs to clearly state the options being considered and

their preference of use.

Response: TR RAI-P&R-14(b) (TR Section 4.2 and TR Section 6.1.9)
The PA is proposing two options for the disposal of wastewater from well field operations: Injection into

Class V deep disposal wells and land application. The deep disposal well option ... is Powertech (USA)'s

preferred option, and will be selected following approval by the US Environmental Protection Agency

(EPA). The alternate disposal method of land application of waste water... will be selected if either the

class V injection well permit(s) cannot be obtained, or the injection wells lack sufficient disposal

capacity; in the latter case, both deep well disposal and land application will be utilized for disposal of

waste water.

TR Section 6.1.9. As noted earlier, the method selected for wastewater disposal will determine the

method of groundwater restoration. The preferred disposal option is to dispose of wastewater by

injection into Class V disposal wells completed within the Minnelusa or Deadwood Formation(s) (SR

Section 4.2). If disposal wells are either unavailable or have insufficient capacity, then the land

application method of wastewater disposal will be utilized either alone or in parallel with the deep

disposal well option. Wastewater to be disposed of includes RO reject water, barren restoration water,

production bleed streams, waste resin transfer water, CPP wastewater including spent elution brines

and wash-down water, well field development wastewater including pump test water and well

development and maintenance wastewater.

The wastewater disposal options and the associated treatment are depicted in TR Figure 6.1-3 where

the stream identifiers I and N are consistent with the identifiers on the water balance diagram provided

in TR Figure 3.1-7. A separate surge pond (not shown) will be available at each site with a deep disposal
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well option for the temporary storage of wastewater that is barren of uranium and other metals, but

contains radium that will be removed in the radium removal ponds. For the land application disposal

option, the storage ponds will provide surge capacity. As indicated in the project water balance in TR

Figure 6.1-5 the flow rate of wastewater will depend on the choice of wastewater disposal option, as

well as on the actual aquifer bleed rates during both recovery and restoration operations. The final

design may entail both deep well disposal and land application systems if the completed Class V disposal

wells have insufficient disposal capacity.

Burdock Site

Dewey Site

Figure 6.1-3: Project Wastewater Disposal Options and Associated
Treatment

Regardless of the option chosen for wastewater disposal, groundwater removed during aquifer

restoration operations will first be treated to remove uranium and other dissolved species by ion

exchange, the purified effluent of which forms the barren restoration composite (BRC). With the deep

disposal well option, the BRC exiting the ion exchange step is treated by RO; the resulting RO reject

brine, after subsequent removal of radium, will be suitable for injection via the disposal wells; with the
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land application option, the entire BRC stream will be treated to remove radium and disposed of by

applying it to the surface of the ground for evaporation and possible agricultural irrigation.
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TR RAI-P&R-14 (c)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

c. No water balance diagrams have been provided in support of the discussion on handling

liquid wastes.

Needed: The applicant needs to provide water balance diagrams for the Dewey and Burdock facilities

during normal operation and during restoration.

Response: TR RAI-P&R-14(c) (TR Section 3.1.5)

Powertech (USA) proposes two methods of wastewater disposal, Class V disposal wells and land

application, that are described in detail in TR Section 6.1.9. The disposal method selected will determine

the method of aquifer restoration, groundwater treatment or groundwater sweep, as described in detail

in TR Section 6.1.3. In addition to these options, the PA proposes two aquifer bleed options during

aquifer restoration, a 1.0 percent aquifer bleed or a one pore volume bleed, as described in detail in TR

Section 6.1.3. The water balanced for both the production and the restoration phases, at both the

Burdock site and the Dewey site, for these options is presented in Figure 3.1-7. Typical flow rates are

provided for both the deep well disposal option, in which the groundwater treatment restoration

method is utilized, and the land application disposal option, in which the groundwater sweep

restoration method is utilized.

For recovery operations, the water balance flow rates are identical for both disposal options, producing,

for a recovery bleed of 0.875 percent of the groundwater extraction rate, approximately 32 gpm of

wastewater at the Burdock site and 15 gpm of wastewater at the Dewey site.

With a restoration aquifer bleed rate equal to 1% of the groundwater withdrawal rate, the deep disposal

well option produces approximately 80 gpm of wastewater at the Burdock site and 82 gpm at the Dewey

site, while the land application disposal option produces approximately 267 gpm and 274 gpm of

wastewater at the Burdock and Dewey sites, respectively. Note that these flow rates are mean values

estimated over only those periods in which aquifer restoration is to be conducted; periods when no

aquifer restoration operations will be conducted are not included in the computation of the average

flow rates.
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With the alternate restoration aquifer bleed option, consisting of the removal of 1.0 pore volume of

Inyan Kara aquifer water during restoration, the deep well disposal option will produce approximately

50 gpm of wastewater at the Burdock site and 45 gpm of wastewater at the Dewey site. With the land

application disposal option, these wastewater flow rates will be approximately 167 gpm at the Burdock

site and 149 gpm at the Dewey site.

B

I Dewey-Burdock water balance I
I I

Dewey Site K

Stream
ID Description
A Burd. Aquifer bleed
B Burd. Extraction composite
c Burd. Reinjection
D Burd. Wellfield bleed
E Burd. Madison Injection
F Burd. Fresh brine make-up
G Burd. Madison aquifer
H Burd. CPP brine
I Burd. Wastewater
J Dew. IK Aquifer bleed
K Dew. Exraction composite
L Dew. Reinjection
M Dew. Madison Injection
N Dew. Wastewater

Water balance flow rates (gal/min)

Operation Aquifer Disposal Stream ID
phase bleed Option A B c D E F G H I J K L M N

DDW 20 2280 2260 20 0 12 12 12 32 15 1720 1705 0 15Recovery 0.8750% __ _______

LA 20 2280 2260 20 0 12 12 12 32 15 1720 1705 0 155
DDW 2.7 267 187 80 77 0 77 0 80 2.7 274 192 79 82

LA 2.7 267 0 267 264 0 264 0 267 2.7 274 0 27127Restoration
DDW 28 167 117 50 22 0 22 0 50 25 149 104 20 415

LA 28 167 0 167 139 0 139 0 167 25 149 0 12414

Figure 3.1-7: Water Balances for the Dewey-Burdock Project
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TR RAI-P&R-14 (d)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

d. The applicant has indicated that the waste streams from operations and restoration would foil

under the classification of non-hazardous, 11(e).2 waste suitable for deep injection well

disposal under EPA Class V regulations. However, there is no specific table of projected quality

of operational or restoration wastewater that would be disposed of in the deep wells.

Needed: The applicant needs to provide waste quality data tables and demonstrate the liquid waste

will meet EPA Class V regulations as stated.

Response: TR RAI-P&R-14(d) (TR Section 4.2.2.2)
The anticipated water chemistry of the well field bleed and the restoration reject streams is represented

by the column labeled "Restoration Wastes" in TRRAI Table P&R-14d-1. This table represents a typical

waste stream for an ISL facility. Minor concentrations of corrosion inhibitors, scale inhibitors, and/or

biocides may be used as needed to maintain the disposal wells in optimum condition. The anticipated

water chemistry of the CPP wastewater is represented by the column labeled "Elution Bleed" in this

same table.
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TR_RAI Table P&R-14d-1: Estimated water quality of waste streams from an ISL facility. (excerpt from
NUREG-1910)

Table 2.7-3. Estimated Flow Rates and Constituents in Liquid Waste Streams for the
Highland In-Situ Leach Facility*

Water Yellowcake Wash Restoration
Softener Resin Rinse Elution Bleed Water Wastes

Brine

Flow Rate, 1 <3 3 7 450
gal/min

As, ppm 0.1-0.3

Ca, ppm 3,000-5,000

Cl, ppm 15,000-20,000 10,000-15,000 12,000-15,000 4,000-6,000

CO3, ppm 500-800 300-600

HC03, ppm 600-900 400-700

Mg, ppm 1,000-2,000

Na, ppm 10,000-15,000 6,000-11,000 6,000-8,000 3,000-4,000 380-720

NH4, ppm 640-180

Se, ppm 0.05-0.15

Ra-226, <5 100-200 100-300 20-50 50-100pCi/L

S04, ppm 100-200

Th-230, <5 50-100 10-30 10-20 50-150pCiLL

U, ppm < 1 1-3 5-10 3-5 <1

Gross Alpha, 2,000-3,000
pCi/L

Gross Beta, 2,500-3,500

*NRC. NUREG-0489. "Final Environmental Statement Related to Operation of Highland Uranium

Since the two disposal options will involve removal of radionuclides (uranium and radium) prior to

disposal, the above table references water quality prior to disposal. Water disposal streams will be

treated to concentrations below those listed in 10 CFR Part 20 Appendix B Table 2, Column 2. EPA Class

V regulations will be met as radioactive waste disposal will not occur in any of the Class V disposal wells.
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TR RAI-P&R-14 (e)

Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

e. Additional information regarding the applicant's plans for deep well disposal is needed by the

NRC staff to complete its review of the liquid waste disposal options.

Needed: The applicant needs to provide: (1) the results of the analyses to determine the targeted

disposal zone; (2) the basis for reaching the conclusion of needing only one well at each site, including

information on how the applicant will ensure backup storage capacity for liquid waste in the event

that the deep wells need to be shut down for a short time (particularly for the option of deep well

only); (3) the status of the application for the EPA Class V Permit; and (4) a discussion as to how it

meets the requirements of 20.2002.

Response: TR RAI-P&R-14(e)

1) Applicant directs reviewer's attention to the Appendix WR-7 "Class V Application", Section 2.H

Operating Data; pg. 2-28. This document was submitted with the ER_RAI Response package to the

Uranium Recovery Licensing Branch on August. 11, 2010.

2) During development of the Class V application, it was determined that between four and eight

disposal wells will be necessary to handle the volume of waste. Redundancy is provided within a

multiple well system that is interconnected by the plant to plant pipeline. Because of this redundancy,

shut down of a single Class V well is not expected to impact operations.

3) The Class V Application was submitted to EPA on March 30, 2010. Jurisdiction for a Class V permit

rests with EPA and the application was deemed complete on April 28, 2010. This subject was also

addressed in ERRAI Response to WR-7 and ERRAI Response to PA-5.1 "ER Table 1.6.1: Permits and

Licenses for the Proposed Project". See also ER_RAI Response to PA-5.2.

4) Powertech (USA) is not disposing of radioactive wastes via a Class V well.
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TR RAI-P&R-14 (f)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

f. The calculation of storage volumes for the radium settling ponds for the deep well disposal

option only assumes a 10-year project life for sludge accumulation.

Needed: The applicant needs to provide the pond contingencies for project life extending

beyond 10 years.

Response: TR RAI-P&R-14(f)
TR Section 4 for revisions and additional information.

Revisions to previous submissions
Values of pond retention times and sludge accumulation rates presented in this section supersede the

values presented in the Technical Report Section 4 and Appendix B of the Supplemental Report, as listed

in TRRAI Table P&R-14f-1

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR_RAI Table P&R-14f-1: Revisions to pond sludge accumulation rates and pond retention times.

Disposal Original document and valueParameter Revised Value
Option Section/page Value

100 yd 3/y

Unspecified TR/4.4.1.1 (slud 3 m c

Pond Sludge (sludge + misc.)

Accumulation Deep Well SR/B-4-2 321 ft 3/y 795 ft3/y
Rate

Land App. SR/B-3-4 790 ft3/y 1780 ft 3/y

Pond Retention Deep Well SR/B-4-2 14 d @ 252 gpm 12.8 d @ 282 gpm

(days) in single

pond Land App. SR/B-3-4 14 d @ 620 gpm 14.1 d @ 632 gpm

"10-year Project
Deep W ell SR/B-4-3 lif e" P n l e s r t

Pond Life / life" Pond life is greater

than 10 years as

Land App.ife1 "10-year Project described below.Land App. SR/B-3-4lie
life"

Pond life

The statements in the SR regarding a 10-year life, as referenced in TR_RAI Table P&R-14-1, described the

pond storage capacity that will be occupied by the sludge that will accumulate over a "10-year project

life." These statements were not intended to describe the pond life as being limited to 10 years. The

volume of accumulated sludge after 10 years, or even after 15 years, is small compared to the total

pond volume. For example, after 15 years of pond operation at the maximum production bleed of 3%,

the liquid retention times in the ponds would be reduced by approximately 0.3 days, a reduction of only

2%. If for any reason it becomes advisable to remove the sludge from a radium settling pond, a spare

settling pond will be available at each site. The radium settling operation would be shifted to the spare

(secondary) pond while the primary pond is emptied by pumping of its liquid phase to the secondary

pond and subsequent removal of the sludge layer for disposal at a licensed 11e.(2) byproduct disposal

facility.
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Revised Pond Retention times

The radium settling ponds have been sized conservatively in that each radium settling pond has been

designed to process the entire project-wide wastewater stream with a minimum retention time of

approximately 13 days, utilizing the maximum value of well field bleed from recovery operations of 3%.

In actual practice, the PA expects the bleed from recovery operations to be approximately 1%, with

higher bleed rates, up to 3%, utilized for relatively short time periods, as required to control the sub-

surface movement of lixiviant. CPP waste water will be blended with well field wastewater. As noted in

Appendix B of the Supplemental Report, a literature survey of radium settling ponds indicated that

typical retention times range from 8 to 14 days; the present design, with a minimum retention time of

12.8 days under maximum flow rate conditions, is therefore considered adequate.

Revised Sludge volume accumulation rates

The revised estimates of the sludge volumes produced by the radium-settling process, shown in TR_RAI

Table P&R-14f-1, were computed assuming the maximum production bleed of 3%, with an assumed 365

days of operation per year. The volume of sludge was computed based on a continuous addition of

barium chloride at a rate of 20 mg/L and assuming the pond sludge is comprised of the resultant barium

sulfate, with a solids content of 40 percent by weight and a specific gravity of 1.4. These values are

considered to be conservative, in that they may overestimate the volume of sludge that accumulates in

the ponds.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-P&R-14 (q)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

g. The application does not clearly indicate the purpose of the central processing plant brine

ponds, and why the sizes are different under the two disposal options.

Needed: The applicant needs to provide information to clarify this.

Response: TR RAI-P&R-14(g)

Clarification of name of "Central plant pond."

The name of the pond in which wastewater from the central plant will be temporarily stored is the
"central plant pond."

Revisions to previous documents (SR Appendix B)

The capacity of the central plant pond for the land application option, in days of CPP wastewater

production is revised to be 660 days, which supersedes the value of 2 years, as stated on page 3-5 of the

SR Appendix B. The flow rate of CPP waste water is revised to be approximately 12 gpm, regardless of

the selection of waste disposal option, which supersedes the value of 10.81 gpm stated for the land

application option on page 3-5 of SR Appendix B.

Purpose of the central plant pond (TR Section 4.2)

The CPP wastewater stream will consist of spent elution brines, and to a lesser extent may contain

laboratory chemical sink waste, yellowcake filtercake wash water, process washdown water, laundry

water, plant sump water, and other minor sources of waste water but excluding domestic sewage. In

both the deep disposal well option and the land application option, a CPP pond is provided for the

purpose of temporary storage of the CPP waste water. Temporary storage of CPP waste water may be

desirable for the following reasons:

" If CPP wastes contain significant levels of dissolved uranium or other constituents it is stored

until returned to the CPP for re-processing;

* When blending the CPP wastewater would produce unacceptably high levels of dissolved solids

in the blended stream. For example, with the land application disposal option, this situation

may occur during the 18-month startup period prior to the initiation of restoration activities.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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Once aquifer restoration activities begin, restoration wastes will usually comprise the largest component

of the well field waste water, and will contain dissolved solids at levels that typically decrease as

restoration progresses through a particular well field; during recovery operations, the concentration of

dissolved solids will typically increase as recovery progresses. The flow rate of the CPP wastewater from

the CPP pond to the radium removal pond can be adjusted according to the concentration of dissolved

solids in the CPP wastewater stream.

Reason for CPP pond capacity difference between the deep well disposal option and the land application

disposal option. (TR Section 4.2.2.1)

The CPP waste pond for the deep disposal option is smaller (15.9 ac-ft), as compared to the pond size for

the land application option (36.2 ac-ft), because the loading of dissolved solids in wastewater is less of a

concern with the deep well disposal option. In the deep well disposal option, the combined waste

stream will be injected into a deep formation that already has elevated levels of dissolved solids;

consequently, the concentrations of dissolved salts in the CPP wastewater can be blended with the

available well field bleed stream and directed to the disposal wells. For the land application option, it is

desirable to decrease concentrations of dissolved solids in the water that is to be applied to the land

surface; therefore, the CPP waste water can be stored until both recovery bleed and restoration

wastewater are available to dilute the dissolved solids in the CPP wastewater prior to land application.

The capacity of the central plant pond for the deep well disposal option, excluding the allowance for

water from a 100-year precipitation event, is 288 days of waste production at 12 gpm. For the land

application option, the larger central plant pond will allow storage of up to 661 days (approximately 22

months) of waste production at 12 gpm.
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TR RAI-P&R-14 (h)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

h. Regarding the design and construction of the ponds, a quality control program should be

established for the following factors: (i) clearing, grubbing, and stripping; (ii) excavation and

backfill; (iii) rolling; (iv) compaction and moisture control; (v) finishing; (vi) sub-grade

sterilization; and (vii) liner sub-drainage and gas venting.

Needed: The applicant needs to provide impoundment construction specs for all these aspects

and a description of the testing and inspection program during construction, including frequency

of earthwork testing.

Response: TR RAI-P&R-14(h) (TR Appendix 5.1-B)
See Appendix 3-A Pond and Land Application Technical Specifications and QA/QC Plan Part 1 through

Part 3 for the Dewey-Burdock Project. A copy of the plan was provided in RAI Response submitted in

December of 2010. Subgrade sterilization and liner sub-drainage and gas venting do not apply to the

design provided in the plan document.
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TR RAI-P&R-14 (i)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

i. Information on inspection of the impoundment systems is insufficient.

The applicant needs to provide a commitment for and details of the periodic inspection of all

impoundment systems in accordance with Regulatory Guide 3.11, including commitments to the

following:

* Inspections should be made of the liner, liner slopes, and other earthwork features. Any damage or

defects that could result in leakage should be immediately reported to the NRC staff. Appropriate

repairs should be implemented as soon as possible.

" The monitoring and inspection program should include documented daily checks of impoundment

freeboard and the leak detection system.

* When significant water levels are detected by the leak detection system, the water in the standpipes

must be sampled for indicator parameters to confirm that the water in the detection system is from

the impoundment.

Needed: The applicant should specify and provide the basis for selecting the indicator

parameter(s) used to verify leaks.

Response to TR RAI-P&R-14(i) (TR Section 3.1.6.1.1)
A daily inspection program will be implemented for all impoundments constructed. These inspections

will be by trained personnel and include but not limited to the following:

- Inspections of the liner, liner slopes, and other earthwork features.

- Inspections of impoundment freeboard

- Inspection of leak detection system.

When significant water levels are detected by the leak detection system, the water in the standpipes will

be sampled immediately for indicator parameters to confirm that the water in the detection system is

from the impoundment. If the analysis confirms a leak, a secondary sample shall be collected and

analyzed within 24 hours. Upon confirmation of a leak by the second analysis, the impoundment will be

Question and Answer Response to the U.S. NRC's Request for Additional Information
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taken out of service until repairs can be completed. The leak reported within 24 hours of the

confirmation to NRC. Any damage or defects that could result in leakage will be reported to the NRC

within 24 hours of such occurance. The Health, Safety, and Environment department shall keep all

records of the impoundment inspections. Indicator species are expected to be chloride and conductivity

based on expected large differences in the concentrations of these constituents between the

impoundment contents and site groundwater.
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TR RAI-P&R-14 ()
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

j. Additional information is needed regarding contingency plans for dealing with leaks and spills.

The NRC staff needs to ensure that facility descriptions include a discussion of design features

to contain contamination from spills resulting from normal operations and the likely

consequences of any accidents.

The NRC staff needs to ensure that facility descriptions include a discussion of design features to

contain contamination from spills resulting from normal operations and the likely consequences of any

accidents.

Needed: The applicant needs to address the likelihood of, and measures for, preventing or containing

a multiple tank failure such as might occur if one failed tank fell into an adjacent tank. Also provide

information on the ability of the sump system to handle the volume of the largest spill from a

hazardous materials source.

Response to TR RAI-P&R-14(i) (TR Section 5.7.1.3)

Also refer to Response to ERRAI PO-3 for more information concerning an accident analysis of a

catastrophic tank failure involving the yellowcake thickener, included in NUREG/CR-6733 (Mackin, et al,

2001).

Surface Releases

Potential surface releases may be the result of a tank failure, ruptured pipe, or transportation incident.

Failure of a process vessel will be contained within the CPP via berms and directed into a sump

(equipped with a level alarm) that will allow the solution to be transported to appropriate tank or

disposal system.

Likelihood of multiple tank failures

No reference information could be located that cited numerical probabilities or likelihoods of vessel

failures at ISL facilities, whether such failures involve single or multiple tanks. A 1994 thickener accident

at the Irigaray ISL facility resulted in about 20 percent of the thickener contents being spilled inside and

outside of the processing building (NUREG/CR-6733).
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Measures for preventing tank failures

TR Section 4.2.3.2 and the provisions of 40 CFR Part 68, and others, will be followed to prevent tank

failures. The primary methods for prevention of tank failure include the following:

- routine inspection

- installation of device to avoid over pressurization or excessive level

- proper engineering design of tanks and supporting structures, foundations, and footings.

Methods of containing tank failures

Both the central processing plant and the satellite facility are equipped with trench drains and sumps,

with pumps, to collect spills of process fluids from leaks or tank failures. The facility floors will be sloped

toward these trench drains and sumps. Spilled or leaked fluids will be transferred to the waste tanks,

from which it can be directed to wastewater treatment and disposal. If a spill occurs in the recovery

area, the spilled fluid could also be returned to the process circuit for re-working, or stored temporarily

in the central plant pond.

Capacity of the curbed areas.

In addition to the sump system, both the CPP and the satellite facility buildings will be designed with a

concrete containment curb around the perimeter of the building. The height of the concrete

containment curb will be such that the curbed area will contain a minimum of 1.5 times the volume of

the largest tank located in the facility. Any of the spills located within the curbed foundation areas will

be considered contained spills. For the CPP, the largest tank is the thickener vessel, of which there are

two. It is estimated that, considering the volume of trench drains, sumps and the curbed area of only the

elution/precip/dewatering process areas, but excluding the IX, dryer and packaging portions of the

central processing plant, a containment curb of less than 3-inches will be sufficient to contain the entire

contents of a thickener vessel. The two thickeners are spaced far enough apart to prevent a failed thickener to

fall into, and cause the failure of, the other thickener vessel. For other vessels, even in the unlikely event of

the failure of multiple tanks, the containment curb will be large enough to contain the contents of

multiple vessels.
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TR RAI-P&R-14 (k)
Provide revised and additional information on plans for the disposal of liquid wastes.

Background: The NRC needs to determine that liquid effluents generated from the process bleed,

process solutions (e.g., backwash, resin transfer waters), wash-down water, well development water,

pumping test water, and restoration waters are properly controlled.

k. The applicant needs to describe the controls for shut down of the deep well injection system.

Needed: Provide information as requested.

Response to TR RAI-P&R-14(k)

The reviewer is directed to Section 2.K. "Injection Procedures" of Appendix WR-7 "UIC application, Class

V Non-Hazardous Injection Wells (March 2010)" located in the ER_RAI Response package submitted to

the NRC in August of 2010.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-P&R-15
The applicant has not identified where it will dispose of 11 e. (2) wastes.

Background: Prior to the start of operations, the NRC will need to verify that the applicant has an
approved waste disposal agreement for 11 e.(2) byproduct material disposal at an NRC or NRC
Agreement State licensed disposal facility (Sections 4.2 and 6.2 of the Technical Report).

Needed: The applicant needs to provide this information now, or the license will have a condition
requiring verification of the solid waste disposal agreement prior to the start of operations.

Response: TR RAI-P&R-15
The applicant is not providing an approved waste disposal agreement for 11e. (2) byproduct material

disposal with this response. The applicant acknowledges that without an approved 11e. (2) byproduct

disposal agreement, the NRC will include a license condition requiring verification of an approved 11e.

(2) byproduct disposal agreement at an NRC or NRC Agreement State licensed disposal facility.
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TR RAI-P&R-16
Additional discussion of the land clean up program needs to be provided.

Background: The applicant needs to provide land cleanup information including: (1) which areas
would be focused on during the surveys (such as well field surfaces, areas around structures in process
and storage areas, on-site transportation routes, historical spill areas, retention ponds, and areas near
the deep disposal wells); (2) plans for decommissioning nonradiological hazardous constituents as
required by 10 CFR Part 40, Appendix A, Criterion 6 (7); and (3) the actual QAPP for radiological
monitoring (including decommissioning), rather than just a commitment to include the aspects
discussed in Regulatory Guide 8.15.

Response: TR RAI-P&R-16 (TR Section 5.7.9. TR Section 6.2 and TR Section 6.4)

(1) The post-operation (pre-reclamation) radiological survey will consist of an integrated area gamma

survey and sampling of soils for confirmation of whether cleanup action is required and to what extent.

The areas that will receive particular attention are those that are expected to have higher levels of

contamination than surrounding areas, and include diversion ditches, surface impoundment areas, well

fields (particularly those areas where spills or leaks may have occurred), process structures, storage

areas, on-site transportation routes for contaminated material and equipment. In the case where land

application is used for disposal of waste water, the irrigated areas and associated retention structures

would also receive particular attention. If the deep disposal well method is used for waste water

disposal, the areas around the disposal wells also would receive close attention (TR Section 6.4

"Methodologies for Conducting Post-Reclamation and Decommissioning Radiological Surveys").

(2) Pursuant to 10 CFR Part 40, Appendix A, Criterion 6(7), non-radiological hazardous constituents that

pose a potential threat to human health or the environment and that are contained in, or mixed with,

11e.(2) waste materials will be disposed of offsite with the associated 11e.(2) wastes in an approved

11e.(2) disposal facility or in a deep disposal well. If the non-radiological constituents are not associated

with 11e.(2) wastes, they will be disposed of at an appropriate and approved off-site waste disposal

facility or, if determined not to be waste, released for offsite use (TR Section 6.2 "Plans and Schedules

for Reclaiming Disturbed Lands").

(3) The request for the Quality Assurance Program Plan ("actual QAPP") for radiological monitoring

(including decommissioning), as written, appears to be in error as the reference, Regulatory Guide 8.15,

titled, "Acceptable Programs for Respiratory Protection," is not relevant to the subject being addressed.

However, the applicant suspects the intended reference is Regulatory Guide 4.15 (RG 4.15). For the

purpose of this response, it is assumed that RG 4.15, titled, "Quality Assurance for Radiological

Monitoring Programs (Normal Operations) - Effluent Streams and the Environment," is the intended

reference see also TR Section 5.7.9 "Quality Assurance Program". Also see TR sections 4.2 "Liquid

Waste" and 6.2 "Plans and Schedules for Reclaiming Disturbed Lands"
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Dewey-Burdock Project
Quality Assurance Program Plan - Draft Outline

1. Policy
2. Table of Contents
3. Introduction

3.1 Purpose
3.2 Scope
3.3 Relationship to Other Plans
3.4 Reference Documents

4. Regulatory Requirements
4.1 Regulations
4.2 Regulatory Guidance

5. Organization and Personnel
5.1 Organizational Structure
5.2 Personnel Responsibilities
5.3 Personnel Qualifications
5.4 Personnel Training and Certifications

6. Procedures and Instructions
7. Records and Recordkeeping

7.1 Records Management Plan
7.2 Record Retention Requirements

8. Sampling and Analysis
8.1 Environmental Media

8.1.1 Sampling Methods and Procedures
8.1.2 Sample Containers, Preservation and Holding Times
8.1.3 Field Measurements
8.1.4 Decontamination Procedures and Materials

8.2 Occupational Health and Safety Monitoring
9. Radionuclide Analysis

9.1. Onsite Laboratory
9.2. Contract Laboratory

10. Instruments and Equipment
10.1 Calibration
10.2 Maintenance

11. Data Management
11.1 Data Validation
11.2 Qualification of Data
11.3 Anomalous Data

12. Assessment and Oversight
12.1 Review and Improvement
12.2 Assessment and Corrective Actions

Figure TRRAIP&R-16

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Reoort Submitted August 11. 2009. Paae 88



POWERTECh IUSA) INC. DEWEY BURDOCK TR RAI RESPONSE O&A Format February 2011

TR RAI-P&R-17

Section 6.3: The applicant needs to provide additional commitments in the section on removal and

disposal of structures, waste materials, and equipment.
(1) to make plans for radioactivity measurements on the interior surfaces of pipes, drain lines, and
ductwork by including plans to measure at all traps and other access points where contamination is
likely to be representative of system-wide contamination.
(2) to assume that all premises, equipment, or scrap likely to be contaminated but that cannot be
measured, would be assumed by the applicant to be contaminated in excess of limits and will treated
accordingly.

Response: TR RAI-P&R-17 (TR Section 6.3.3.1)
Building Materials, Equipment and Piping to be Released for Unrestricted Use

Powertech (USA) will develop an approved standard operating procedure for release of items to

unrestricted use and thoroughly document all items eligible for release to unrestricted use. To the

extent possible, releasable items having a salvageable value will be sold on the industrial market.

Releasable items having no net salvageable value will be sent to a municipal landfill.

Powertech (USA) commits to prepare plans for performing radioactivity measurements on the interior

surfaces of pipes, drain lines, and ductwork, and include them in its decommissioning and

decontamination plan (D&D Plan). Such plans will include measurements at all traps and other access

points where contamination is likely to be representative of system-wide contamination. Additionally,

in its D&D Plan, Powertech (USA) will assume that all premises, equipment, or scrap likely to be

contaminated in excess of limits, but that cannot be measured, is contaminated in excess of limits and

will be treated accordingly.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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II. Radiological Issues

TR RAI-RI-1
Additional information needs to be provided on the authority of the Radiation Safety Officer (RSO).

Background: It is not clear that the RSO has the responsibilities and authority discussed in

Regulatory Guide 8.31.

Needed: To be consistent with the responsibilities and authority discussed in Regulatory Guide

8.31, Section 1.2, the applicant needs to provide a commitment that the Mine Manager cannot

unilaterally override a decision of the RSO to suspend, postpone, or modify an activity.

Response: TR RAI-RI-1 (TR Section 5.1.5)
The RSO will also have the authority to enforce regulations and administrative policies that affect the

program and can raise issues concerning safety to Mine Manager and the Vice President of

Environment, Health, and Safety as shown in Figures 5.1-1 and 5.1-2. A mine manager will not possess

the authority to unilaterally override the RSO's decision to suspend, postpone or modify an activity. The

RSO will possess the authority to enforce regulations and administrative policies that may affect any

aspect of the radiological protection program. The RSO will also be a member of the SERP described in

Section 5.2.3 and will meet the qualifications outlined in NRC guidance.
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TR RAI-RI-2
Additional information on the use of Radiation Work Permits (RWPs) needs to be provided in the

application.

Background: The applicant has indicated that RWPs would be reviewed and approved by the RSO or
the RSO designee in the absence of the RSO.

Needed: Provide the criteria by which the applicant will determine who is a qualified designee to
replace the RSO (e.g., specialized training) in RWP review and approval activities and demonstrate
how these criteria are consistent with Regulatory Guide 8.31.

Response: TR RAI-RI-2 and 3 (TR Section 5.2.2)

Non-Routine Activities

Any activities with potential for significant exposure to radioactive material and not documented by

existing SOPs will require radiological work permits (RWPs). RWPs are job-specific permits that describe

the following:

The details of the job to be performed,

Precautions necessary to maintain radiation exposures ALARA, and

The radiological monitoring and sampling necessary before, during, and following completion of the job.

The RSO or the RSO designee must review and sign off on the RWP before the associated work is to be

performed. That work will be executed to the details specified in the RWP. The RSO designee shall be

able to describe which locations, operations and jobs are associated with the highest exposures and why

exposures may increase or decrease during work execution. See section 5.4 for radiation staff

qualifications.
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TR RAI-RI-3
Additional information on the operational inspection program needs to be submitted.

Background: The applicant has indicated that the Dewey Burdock RSO, or an RSO designee would

conduct a daily visual inspection of all work and storage areas in the facility to determine if standard

operating procedures are being followed properly and good radiation practices are being

implemented.

Needed: Provide the criteria (e.g., specialized training) by which the applicant will determine

who is a qualified designee to replace the RSO in radiation safety inspection activities and expected

frequency of inspections performed by the designee.

Response: TR RAI-RI-3 (TR Section 5.4)
Qualifications for Personnel Implementing the Radiation Safety Program

The minimum qualifications for the RSO are:

A bachelor's degree in the physical sciences, industrial hygiene, or engineering from an accredited

college or university or an equivalent combination of training and relevant experience in radiation

protection at a uranium recovery facility. Two years of relevant experience will generally be considered

equivalent to one year of academic study.

At least one year of uranium recovery work experience in applied health physics, radiation protection,

industrial hygiene, or similar area. This experience should involve hands-on work with radiation

detection and measurement equipment, not strictly administrative work.

At least four weeks of specialized classroom training in health physics.

A thorough knowledge of the health physics instrumentation used in the facility, the chemical and

analytical procedures used for radiological sampling and monitoring, methods used to calculate

personnel exposure to uranium and its progeny, the uranium recovery process, and the facility hazards

and their controls.

The minimum qualifications for a RSO designee will include:

* Training equal to the minimum qualifications of the appointed RSO as specified in Section 2.4 of

RG 8.31.

" Must pass with an 80 percent score or better regarding the minimum training of the RSO.
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* The level of experience required will be commensurate with the type, form and the anticipated

radiation hazards to be encountered while acting as a designee for the appointed RSO.

On-the job training overseen by the lead RSO will provide expertise regarding implementation of site

specific radiological safety protocols and any necessary specialized radiation safety training concerning a

specific RWP. For more information see section 5.2.2.The minimum qualifications for a Health Physics

Technician are one of the following combinations:

* An associate's degree or two or more years of study in the physical sciences, engineering, or a

health-related field; at least four weeks of generalized training in radiation health protection

applicable to uranium recovery facilities (up to two weeks may be on-the-job training); one year

of work experience using sampling and analytical laboratory procedures that involve health

physics, industrial hygiene, or industrial safety measures that apply to uranium recovery facility

operations.

" A high school diploma; at least three months of specialized training in radiation health

protection relevant to uranium recovery facilities (up to one month may be on-the-job training);

two years relevant work experience in applied radiation protection.
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TR RAI-RI-4 (TR Section 2.8.4 and TR Section 2.9.3.2.1)
Sampling and analysis results

Background: Regulatory Guide 4.14, Section 7.0 (Recording and Reporting Results) recommends,

among other things, providing the values of the lower limit of detection (LLD) error estimates and a

description of the calculation of the LLD and error along with other quality assurance data. The

following are some of the examples the staff has identified that do not appear to conform to these

recommendations.

(a) In the Technical Report, no LLD or error values for fish are given in Tables 2.8-23 and 2.8-30 or in
the lab report in Appendix 2.8-H.

(b) In Table 2.9-16 and 2.9-17 of the Technical Report, no LLD or error values are given for ground
water.
(c) In Table 2.9-5 of the Technical Report, LLD values for soil samples are not provided.
(d) The results for sediment samples in Tables 2.9.8 and 2.9.9 of the Technical Report do not fully
address reporting recommendations for LLD, error and quality assurance.

(e) In Table 2.9-12 of the Technical Report, LLD values for the radionuclide concentrations in air are
reported. However, the LLD values are not reported on the corresponding laboratory report and NRC
staff cannot locate the method of deriving these LLD values in the Technical Report.

TR RAI-RI-4(a-e)
Statement of Clarification:

The tables referred to in the request for additional information such as 2.8-23; 2.8-30; 2.9-16; 2.9-17;

2.9.8; 2.9.9 are inserted as summary tables and were not meant for detailed review of all reporting

values contained within an Analytical Report. The Appendices were provided within the application for

a more detailed review of specifics regarding analytical results.

Appendix 2.8-H provides the laboratory analytical reports (QA/QC report included) for a variety of fish

samples from Energy Laboratories, Inc. For each radionuclide, the error estimate is expressed as
"precision (+/-)" immediately underneath the radionuclide result. The LLD for the radionuclide is shown

in a separate column as RL (reporting limit) or MDC (minimum detectable 'concentration). See

explanation above.

Appendix 2.9-A (Baseline Radiological Report) provides the laboratory analytical reports from Energy

Laboratories, Inc. for air filter particulate matter, soils, vegetation and local food samples. For each

radionuclide, the error estimate is expressed as "precision (+/-)" immediately underneath the

radionuclide result. The LLD for the radionuclide is shown in a separate column under the RL (reporting

limit) or MDC (minimum detectable concentration). See explanation above.
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Supplemental Appendix to Section 2.7 provides the laboratory analytical reports from Energy

Laboratories, Inc. for groundwater, surface water and sediment samples. For each radionuclide, the

error estimate is expressed as "precision (+/-)" immediately underneath the radionuclide result. The LLD

for the radionuclide is shown in a separate column as RL (reporting limit) or MDC (minimum detectable

concentration). See explanation above for deriving LLD values.

The LLDs reported in Table 2.9-12 of the Technical Report were derived by dividing the reported MDC or

RL on the laboratory report in units of activity per filter composite by the total volume of air in milliliters

that was sampled for that period. It was assumed for radiological data that the MDC and RL on the

laboratory reports were identical (see explanation above). For natural uranium, the mass per filter

composite was converted to activity per filter composite by multiplying the mass result from the

laboratory by 677 (pCi/mg), the specific activity for natural uranium.

Historical Knowledge:

Since the distribution of Regulatory Guide (RG) 4.14, NUREG-1576, 2004 Multi-Agency Radiological

Laboratory Analytical Protocols Manual, (MARLAP) has been released and several analytical laboratories

are implementing the guidance and concepts into their analytical programs. This multi-agency guidance

was developed by a workgroup that included members representing EPA, DOE, DOD, DHS, and the NRC

others include the NIST, USGS, FDA, the commonwealth of Kentucky and the state of California.

The information within Regulatory Guide 4.14 revision 1, 1980, states: "Regulatory Guides are not

substitutes for regulations, and compliance with them is not required. Methods and solutions different

from those set out in the guides will be acceptable if they provide a basis for the findings requisite to the

issuance or continuance of a permit or license by the Commission."

Minimum Detectable Concentration (MDC):

Definition of MDC from MARLAP 2004: Minimum detectable concentration (MDC): The minimum

detectable value of the analyte concentration in a sample. ISO refers to the MDC as the minimum

detectable value of the net state variable. They define this as the smallest (true) value of the net state

variable that gives a specified probability that the value of the response variable will exceed its critical

value i.e., that the material analyzed is not blank.

4.65 CPM+ 2

MDC = " r T2

2.22x E x V x R x I

Where:
MDC = Lower Limit of Detection (LLD or MDC)

CPM 8 = Instrument Background count rate (min')
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T,; = Count time (min) for the sample measurement

E = Standard efficiency
V = Sample volume in liters

R = Gravimetric recovery of BaSO 4

I = Ingrowth factor (see 8.4.4)

2.22 = Unit conversion factor for pCi to DPM
The MDC functions as the sample specific detection limit (where the calculations have been vetted

through Energy Laboratory Inc. (ELI)'s Radiochemistry consultant) where a response above that level

is considered to meet the statistical criteria of 'likely to be a true detection' and not a potentially false

positive. Where MDC is reported it is specific to the sample and its matrix (ISO, 1995; ANSI N42.23;

NUREG-1576, 2004). For more information on detection limit terminology, concepts and principal

approaches see NUREG - 4007, 1984.

Lower Limit of Detection (LLD):

Definition from MARLAP 2004: Lower limit of detection (LLD): (1) The smallest concentration of

radioactive material in a sample that will yield a net count, above the measurement process (MP) blank,

that will be detected with at least 95 percent probability with no greater than a 5 percent probability of

falsely concluding that a blank observation represents a real signal (NRC, 1984). (2) An estimated

detection limit that is related to the characteristics of the counting instrument (EPA, 1980).

The calculation referred to in several NRC documents for LLD is generally put this way:

LLD- 4.66 x ah
2.22xExMxRxI

Where:
LLD = Limit of detection as an a priori determination

O = Standard deviation of the instrument background
count rate (counts-min')

M = The sample weight (g) or volume (L)
E = Instrument efficiency for alpha or beta
R = Yield for the individual radionuclide as determined

by tracer or carrier
I = Ingrowth factor

2.22 = Conversion for dpm to pCi

Uncertainty/Error for a given measurement: (ELI reports it as precision of the analyte concentration).

Definition from Multi-Agency Radiological Laboratory Analytical Protocols Manual, MARLAP, 2004:

Uncertainty (of measurement): Parameter, associated with the result of a measurement that

characterizes the dispersion of the values that could reasonably be attributed to the measurand (ISO,

1993a).
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1.96/CPA. + CP i' 2

2.22xExVxRxI

Where:

U 95  = 95% Confidence interval

1.96 = z score for 0.975 coverage

CPMs = Sample gross count rate (min')

CPA4! = Instrument Background gross count rate (min')

7. = Count time (min) for the sample measurement

E = Standard efficiency
V = Sample volume in liters
R = Gravimetric recovery of BaS04
I = Ingrowth factor (see 8.4.4)

2.22 = Unit conversion factor for pCi to DPM

The error for a given measurement is shown on the analytical report as the analyte precision. It

represents the 2 sigma (95%) confidence that the true activity is somewhere within the ± range of the

reported value. The RL represents the LLD for a sample where sufficient volume is available and where

the matrix presents minimal interference to the methods used for analysis.

RG 4.14 addresses guidelines for reporting sampling and analysis results in section 7, page. 4.14-6. A

suggested format is shown in Table 3 of the guide. The analytical results submitted in Appendices via

analytical reports provide the analytical information in table format similar to what is recommended in

the RG 4.14.

Powertech (USA) Inc. followed Regulatory Guide 4.14 as a guidance document to develop the

environmental baseline sampling program, conduct laboratory analysis and to report the analytical

results. As stated by NRC in the introduction to Regulatory Guide 4.14, "The programs described in this

guide are not requirements." Therefore, some variation from the exact format for presenting analytical

results for radionuclides (i.e., error values and LLD values referenced in Regulatory Guide 4.14) resulted

due to Energy Laboratories, Inc. (ELI) reporting nomenclature.

The ELI laboratory analytical reports provided in the appendices include error and LLD values the NRC is

requesting under the nomenclature of precision (+/-) and RL (reporting limit) or MDC (in cases where a

the RL was replaced with a sample specific LLD (minimum detectable concentration or MDC); effectively

the MDC is the RL in these cases, such as is the case concerning analytical results of fish species.
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TR RAI-RI-5

Reporting format of radiological samples results.

Background: Regulatory Guide 4.14 Section 7.5 states that the term "not detected", "less than the

lower limit of detection (LLD)", or similar terms should never be used. However, in Tables 2.8-23, 2.8-

30 and in 2.9-19 of the Technical report the sample results are reports as "ND" and "uu. etc.

Needed: Consistent with Regulatory Guide 4.14, all radiological data should be reported as a value

and its associated error estimate, including values less that the lower limit of detection or less than

zero.

Response: TR RAI-RI-5 (TR RAI Attachment RI-5)

A Letter received from Energy Laboratory on 22 October 2010 concerning Powertech (USA)'s data

consistency inquiry).

See letter inserted below.
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10/22/2010

Amy L. Thurikill
E.H.S. Manager; RSO - Corporate
Powertech (USA) Inc.
5575 DTC Parkway Suite # 140
Greenwood Village, CO 80111

Dear Ms. Thurlkill:

Linda Larson, manager of our Rapid City laboratory, and Dave Blaida, radiochemistry supervisor for
our Casper laboratory have requested my assistance in evaluating our ability to comply with
Powertech's request to reprocess our original analytical data for results from early portions of the
Dewey-Burdock project. I understand your goal of providing analytical results from across the

project in a fully consistent fashion.

During the course of your project there was a nationwide movement to follow the
recommendations of the Multi-Agency Radiological Laboratory Analytical Protocols (MARLAP).
One area covered by the MARLAP manual is redefining governmental agencies' expectations
from radiological laboratories. MARLAP recommends that radioanalytical data be presented as a
numerical result combined with an uncertainty estimate specific to the conditions of the analysis.
We were introduced to MARLAP in 2005 at a seminar at the USGS office in Denver and we have
since worked under the direction of Dr. Robert Litman to implement the recommended MARLAP
changes at Energy Labs. Dr. Litman was one of the authors of the MARLAP manual and is a
nationally recognized expert in the field of radiochemistry.

A central element of the MARLAP recommendations is that analytical concentrations always be
presented as a numerical result combined with an uncertainty estimate specific to the conditions

of the analysis. To evaluate such a result, it is also necessary to hove a measure of detectability

under the same analytical conditions. This is the minimum detectable concentration, or MDC.
The guidance provided in MARLAP that we have now incorporated into our methods discontinues
the practice of the detect/non-detect reporting formats that were used for your early data.
Consequently we are not able to reprocess the original analytical data as you have requested.
Even if it were possible for us to recalculate specific values on the previous data, there would be
no reasonable way to make a direct comparison between the analytical results.
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Let me reassure you that all results reported to Powertech for this project were generated with
attention to the some high quality standards. The inherent differences between the lab procedures
designed to produce the "ND at reporting limit X" result format and the procedures designed to
produce the "numeric result / uncertainty / MDC" result format currently used by our
radiochemistry department simply preclude reprocessing the data in a meaningful fashion.

The decision to make the transition between these reporting formats in our radiochemistry
operations was not made lightly. We recognized that the change would necessarily cause
discontinuities in some customers' data sets. But this transition was an essential element in a process
of continuous improvement.

We regret any inconvenience the discontinuities in analysis reporting formats may cause you.
Please understand that these changes were implemented to provide the best available service for
Powertech and all our customers as the regulatory community redefines reporting for
radiochemical analysis.

Sincerely,

J-J

Timothy D. Bailey, Ph.D.
Senior Chemist
Energy Laboratories, Inc.
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IlL. Miscellaneous Issues

TR RAI-MI-1
Provide additional information on chemicals that have the potential to impact radiological safety.

Background: Section 3.2.8. The NRC staff needs to determine whether the hazards associated with the
storage and processing of hazardous materials with the potential to impact radiological safety have

been sufficiently addressed in the process design for the recovery plant, satellite processing facilities,
well fields, and chemical storage facilities.

Needed: Provide information as requested.

TR RAI-MI-I (a)

a. The applicant needs to specifically identify specifically those chemicals used in uranium
processing that have the potential to impact radiological safety.

Response: TR RAI-MI-1(a)
The list of chemicals used in uranium processing that have the potential to impact radiological safety are

listed in the Table 3.2-1 from the TR RAI response Section 3.2.8.1 submitted in December 2010.

Table 3.2-1: Process-related chemicals and quantities stored on-site

BURDOCK

Chemical Name Unit Units Consumption Rate
No. Storage ton/yr

Tanks Capacity

Sodium Chloride (NaCI) 2 20000 gal 2250
Sodium Carbonate

(Na2CO3) i.e. Soda Ash 1 20000 gal 450

Hydrochloric Acid (HCI,
32%, or Sulfuric Acid

(H2SO498%) 1 7000 gal 487
Sodium Hydroxide (NaOH

50%) 1 7000 gal 446
Hydrogen Peroxide

(H20240%) 1 7000 gal 177

Oxygen (02, liquid) 1 11000 gal 979

Carbon Dioxide (C0 2) 1 6000 gal 245

Barium Chloride (BaCI 2) 1 275 50kg sacks 7

DEWEY

Oxygen (02, liquid) 1 11000 gal 653

Carbon Dioxide 1 6000 gal 163

Barium Chloride 1 138 50-kg sacks 7

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-MI-1(b)
Provide additional information on chemicals that have the potential to impact radiological safety.

Background: Section 3.2.8. The NRC staff needs to determine whether the hazards associated with the

storage and processing of hazardous materials with the potential to impact radiological safety have
been sufficiently addressed in the process design for the recovery plant, satellite processing facilities,
wellfields, and chemical storage facilities.

b. The applicant needs to completely and clearly identify on Figures 3.2-4 and 3.2-5 the storage
locations of all chemicals used in uranium processing (enlarge figure to be readable). The
locations need to be consistent with the descriptions of chemical use provided in Section 3.2.8

of the application.

Needed: Provide information as requested.

Response: TR RAI-Ml-l(b)
Figures 3.2-4 and 3.2-5 are attached and show the locations of chemicals used in uranium processing.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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Figure 3.2-4: Central Processing Plant Detail
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Figure 3.2-5: Satellite Facility Plant Detail
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TR RAI-MI-1(c)
Provide additional information on chemicals that have the potential to impact radiological safety.

Background: Section 3.2.8. The NRC staff needs to determine whether the hazards associated with the
storage and processing of hazardous materials with the potential to impact radiological safety have
been sufficiently addressed in the process design for the recovery plant, satellite processing facilities,
well fields, and chemical storage facilities.

c. Section 3.2.8.3 on acid storage indicates the acid will be stored outside the CPP, but
inconsistently also indicates the tank would be vented through the building roof. The applicant

should correct this inconsistency.

Needed: Provide information as requested.

Response: TR RAI-MI-1(c)
The acid tank is located outside the CPP and is vented to the atmosphere and not through the roof of

the CPP.
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TR RAI-MI-2
Provide information demonstrating that dryer operations will meet 10 CFR Part 40, Appendix A,
Criterion 8.

Background: The NRC staff needs to determine that maintenance and operation of yellowcake dryers,
and checking and logging requirements contained in 10 CFR Part 40, Appendix A, Criterion 8, are
followed. The applicant indicates that during drying operations, the operator would perform and
document inspections of the differential pressure or vacuum every 4 hours, and document readings of
the differential gauges for other emission control equipment at least once per shift. 10 CFR Part 40,
Appendix A, Criterion 8, requires at least hourly monitoring of yellowcake dryer controls.

Needed: The applicant needs to provide plans to meet the requirements of 10 CFR Part 40, Appendix
A, Criterion 8.

Response: TR RAI-MI-2
To ensure that the emission control system is performing within specified operating conditions,

instrumentation will be installed that monitor continuously and will signal an audible alarm if the air

pressure (i.e. vacuum level) falls below specified levels. The operation of this system is routinely

monitored during dryer operations. The operator will perform visual inspections and document

inspections of the differential pressure or vacuum every four (4) hours. Additionally, the air pressure

differential gauges for other emission control equipment is observed and documented at least once per

shift during dryer operations.
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TR RAI-MI-3
Provide additional discussion of backup for operating systems.

Background: Section 3.2.12 is insufficient in its discussion of backup systems. The NRC needs to
determine that control components of the systems are equipped with backup systems that activate in
the event of a failure of the operating system or a common cause failure such as power failure.

Needed: The applicant needs to provide this additional discussion of backup in the event of system or
power failure.

Response: TR RAI-MI-3
Loss of power to the project site will cause production wells to stop operating, resulting in shutdown of

all production and injection flows. This condition avoids any flow imbalance within the well fields

though a well field bleed is not maintained during the power failure. The time span for the aquifer to

recover from operational drawdown back to its natural groundwater gradient is typically much longer

than the duration of typical power outage. Since the maximum rate at which lixiviant could travel to the

monitoring ring would equal the rate which the groundwater returns to its natural gradient, excursions

are not likely to occur within the short time period of a power outage.

Backup generators will be installed such that in event of power failure instrumentation will be

monitored to confirm conditions in the CPP, SF, and well fields.

Shutdown due to power failure during winter months is not expected to be problematic as well field

pipelines are buried sufficiently below the frost line. In addition, heating of the SF and CPP will be

maintained by propane or natural gas and will require power to operate.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Suhmitted August 11 20c9) 1 ABJ ýyl
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TR RAI-MI-4
Additionalfinancial assurance information needs to be provided.

Background: Section 6.6. NRC staff requires certain information to ensure that the proposed surety
amount is sufficient to fund all decommissioning activities documented in the license application, that
the methods used to establish the surety amount are acceptable, and that the forecast costs are
reasonable.

TR RAI-IMI-4(a)
a. The applicant has not identified a specific surety mechanism, nor has it made a commitment to

one of the mechanisms identified in Criterion 9 of 10 CFR Part 40, Appendix A. This
needs to be done prior to operation.

Needed: Provide information related to financial assurance as requested.

Response: TR RAI-MI-4(a)
In compliance 10 CFR Part 40 Appendix A criteria and NUREG-1569 and 1757, Powertech (USA) commits

to provide the required financial surety in the form of an irrevocable letter of credit (ILOC), but reserves

its option to combine the ILOC with other surety mechanisms acceptable to the NRC prior to operation.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Rennrt Subhmitted Augujst 11. 2009. DUU•na
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TR RAI-MI-4(b)
Additional financial assurance information needs to be provided.

Background: Section 6.6. NRC staff requires certain information to ensure that the proposed surety
amount is sufficient to fund all decommissioning activities documented in the license application, that
the methods used to establish the surety amount are acceptable, and that the forecast costs are
reasonable.

b. The applicant has provided decommissioning cost estimates for two options based on 2008
dollars. Costs should be updated to current dollars just prior to licensing.

Needed: Provide information related to financial assurance as requested.

Response: TR RAI-MI-4(b)
The costs presented in the Table 6.6-1 from the TR RAI response submitted in December 2010, reflect

prices as of 2009-2010 and costs will be updated just prior to licensing.

Table 6.6-1: Summary of Financial Assurance Amounts

Financial Assurance- Dewey-Burdock Project Details in Disposal Option
Land

No. Description Table(s): Disposal wells application

1 Facility Decommissioning

A Salvageable Equipment 9 $ 242,000 $ 242,000

B Non-salvageable bldg. & equipment disposal 9,13 $ 670,280 $ 1,046,780

C Byproduct disposal 6 $ 483,794 $ 494,535

D Restore contaminated areas 9 $ 570,300 $ 709,100

2 0&M- GW restoration and stability

Groundwater treatment O&M $ 885,873

B Method: Groundwater Sweep with Madison Injection O&M $ 543,700

3 Well field reclamation $ -

AWelplugging &_closure 8, 14 $ 751,300 $ 751,300

B Remove surface equipment & reclaim 9 $ 975,050 $ 975,050

4 Radiological Survey and Env. Monitoring 10 $ 832,939 $ 847,039

5 Project Management Costs & Miscellaneous 12 $ 968,700 $ 968,700

6 Labor, 35% overhead+ 10% contactor profit 11 $ 1,337,000 $ 1,337,000

7 Contingency @ 15% $ 1,157,585 $ 1,187,281

Total Surety amount $ 8,874,822 $ 9,102,485

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Reoort Submitted Aupust 11. 2009. Page 109
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TR RAI-MI-4(c)
Additional financial assurance information needs to be provided.

Background: Section 6.6. NRC staff requires certain information to ensure that the proposed surety
amount is sufficient to fund all decommissioning activities documented in the license application, that
the methods used to establish the surety amount are acceptable, and that the forecast costs are
reasonable.

c. There needs to be a discussion along with the tables in Appendix 6.6-A that provides
explanatory information on the data in the tables, including the time period of the cost
estimates, the sources and bases for assumptions, etc. For example, there is an assumption
that contaminated waste would be sent to Texas. However, there is no 11e.(2) disposal
agreement at this time, so the basis for this assumption is questionable.

Needed: Provide information related to financial assurance as requested.

Response: TR RAI-MI-4(c)
Detailed cost tables are provided in a revised TR Appendix 6.6-A which is included in this submission.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted Aupust 11, 2009. nD,, 11n
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TR RAI-MI-4(d)
Additional financial assurance information needs to be provided.

Background: Section 6.6. NRC staff requires certain information to ensure that the proposed surety
amount is sufficient to fund all decommissioning activities documented in the license application, that
the methods used to establish the surety amount are acceptable, and that the forecast costs are
reasonable.

d. The applicant includes a flare factor of 1.5 in its calculation of restoration costs. In addition
ground water restoration costs are based on treatment of 10 pore volumes. Provide
justification for the flare facior and for using 10 pore volumes total.

Needed: Provide information related to financial assurance as requested.

Response: TR RAI-MI-4(d)
Powertech (USA) proposes use of a flare factor of 1.44 and the restoration estimate of 6 pore volumes

of groundwater for its financial assurance. Basis for the flare factor is found in TR Appendix 6.6-B

"Numerical Modeling of Groundwater Conditions Related to In situ Recovery at the Dewey-Burdock

Uranium Project, South Dakota" (Petrotek, 2010).

Pore volume and volume required for restoration

Eleven measurements of ore-zone porosity have been made on cores removed from the Lakota and Fall

River formation sands. The average of these porosity measurements is 0.30, which is assumed to be the

average porosity of the mineralized sands within the project. The mean thickness of the mineralized

zones was determined by down-hole radiologic logging to be 4.6 ft.

The formulas for determining the pore volume, including flare, and the volume of restoration composite

(RC) to be withdrawn during aquifer restoration operations are as follows:

Pore volume = (well field pattern area) x (thickness) x (porosity) x (flare factor)

RC volume = (pore volume) x (number of Pore volumes for aquifer restoration)

The flare factor and number of pore volumes required for aquifer restoration are both a function of the

properties of the particular sandstone formations and ore deposits, as well as the operational factors of

aquifer bleed rates, the balancing of pattern flow rates, the use of RO during recovery operations and

the timeliness of beginning aquifer restoration operations following cessation of recovery operations

(Appendix 6.6-B). The total volume of restoration composite withdrawn during aquifer restoration

operations is directly proportional to both the flare factor and the number of pore volumes to be

withdrawn; thus, there exists a continuum of paired values of the flare factor and the number of

restoration pore volumes that produce the same total volume of restoration composite removed during

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
T ýh ir~ I D ýýrt k ihfttAf A - 1,c 1 I ")•(o P 1

- . 1. b! M5 I ,



POWERTECh (uSA) INc. DEWEY BURDOCK TR RAI RESPONSE Q&A Format February 2011

aquifer restoration operations (HRI, 2001). For the Dewey-Burdock Project, the values of the flare factor

and the number of pore volumes removed for aquifer restoration are comparable to those that have

been recently approved for other in situ recovery sites and that are consistent with the best practicable

technology for aquifer restoration.

The overall (volumetric) flare factor for ISR uranium recovery projects has varied from 1.44 at

Irigaray/Christianson Ranch (Reference) to 1.95 at Churchrock/Crownpoint (Reference). The overall

well field flare factor for the Dewey-Burdock Project is estimated to be 1.44, which is equal to the flare

factor in approved permit applications at ISL facilities located nearby in the State of Wyoming. A

detailed discussion is provided in Appendix 6.6-B.

The number of pore volumes, including flare, of groundwater to be removed to affect aquifer

restoration is estimated to be 6.0. This figure is consistent with the best practicable technology that

includes the following operational practices:

(i) Daily balancing of injection and extraction flow rates during production. This flow rate

balancing is designed to ensure that a proper aquifer bleed is maintained both at the well
field level and also within each five-spot pattern within the well field.

(ii) Timeliness of beginning restoration operations. For any particular well field, aquifer
restoration operations will begin as soon as is reasonably possible following the cessation of

recovery operations.
Oiii) Maintenance of aquifer bleeds. Hydraulic control of well fields through the net withdrawal

of the aquifer bleed stream will be continuously maintained from the beginning of recovery
operations until the completion of the stability monitoring period following aquifer
restoration.

(iv) The use of RO technology. The use of RO with the deep disposal well option of wastewater

disposal during the recovery operations, will remove dissolved solids concurrent with the
recovery of uranium, effectively conducting a portion of the aquifer restoration operations
during the recovery phase of operations.

While the number of pore volumes required for aquifer restoration has historically proven to have been

significantly higher for some of the early ISL operations, the methods and timing of restoration likely

contributed to these larger numbers as has been documented as follows:

.. the average number of PVs extracted and treated/reinjected/or disposed was 13.6 for Irigaray

and 12.4 for Christensen. ... Circumstances at both those ISR projects resulted in increased PVs to

achieve restoration goals including the following:

* Production and restoration were not conducted sequentially, and were plagued with
extended periods of shut-in and standby, with delays of up to several years in some
cases:"

* Groundwater sweep, the initial phase of restoration, was often largely ineffective and in
some cases may have exacerbated the problem: and"

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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* RO was continued in some well fields after it was apparent that little improvement in

water quality was occurring.

Restoration was not performed immediately following the completion of production, and in some

cases, there were long periods of inactivity during the production and restoration phases. At

Irigaray, production was interrupted for a period of almost six years in MUl through MU5

[Figure 6.1-A (1)]. Similarly, there was a three-year break in production inMU6 through MU9,

when the operation was in standby status. Restoration did not commence at MUI through MU3

until a year after production had ended. At MU4 and MU5, restoration operations did not begin

until two years following production Restoration commenced shortly after the end of production

at MU6 through MU9. However the project was on standby status between the completion of

groundwater sweep and the beginning of the RO phase of production, resulting in a break of one

to two years, depending on the MU. Restoration was initiated sooner after the end of production

at Christensen Ranch, with the exception of MU3 and MU4. However, there were periods of

standby between groundwater sweep and RO treatment/injection of up to a year. These delays

between and during production and restoration operations most likely increased the number of

PVs required to complete aquifer restoration. (Uranium One, 2009).

For the financial assurance calculations, the pore volume affected in the first year of production is

estimated to be 13 million gallons corresponding to an active well field area of 20 acres. The volume of

groundwater to be extracted during groundwater restoration is estimated to be 78 million gallons.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
TechnicalI Rennrt Submitted Aueust 11. 2009. DPno 11?
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TR RAI-MI-4(e)
Additionalfinancial assurance information needs to be provided.

Background: Section 6.6. NRC staff requires certain information to ensure that the proposed surety
amount is sufficient to fund all decommissioning activities documented in the license application, that
the methods used to establish the surety amount are acceptable, and that the forecast costs are
reasonable.

e. The applicant has committed to annually adjusting the surety value. However, additional
comments are needed to: (1) automatically extend the surety if the NRC has not approved the
proposed revision 30 days prior to the expiration date; (2) revise the surety arrangement
within 3 months of NRC approval of any revised closure (decommissioning) plan if the revised
cost estimates exceed the amount of the existing financial surety: (3) submit (for NRC review)
an updated surety to cover any planned expansion or operational change not included in the
annual surety update at least 90 days prior to beginning associated construction; and (4)
provide the NRC copies of surety related information submitted to the State of South Dakota
and the Environmental Protection Agency, including a copy of the State's surety review or the
final surety arrangement.

Needed: Provide information related to financial assurance as requested.

Response: TR RAI-MI-4(e)
In accordance with NRC requirements, an updated Annual Surety Estimate Revision will be submitted

each year adjusting the surety instrument to reflect existing operations and those planned for

construction or operation in the following year. After review and approval of the Annual Surety

Estimate Revision by the NRC, Powertech (USA) will revise the surety instrument to reflect the updated

amount. Powertech (USA) agrees to update its decommissioning cost estimate for the selected option

in current dollars just prior to licensing.

In addition to adjusting the surety value annually, the applicant agrees to:

1. automatically extend the surety if the NRC has not approved the proposed revision 30 days
prior to the expiration date of the existing surety;

2. revise the surety arrangement within 90 days of NRC approval of any revised closure
(decommissioning) plan if the revised cost estimate exceeds the amount of the

existing financial surety;

3. submit for NRC review an updated surety to cover any planned expansion or operational
change not included in the annual surety update at least 90 days prior to beginning
associated construction; and

4. provide the NRC copies of surety related information submitted to the State of South
Dakota and/or the U.S. Environmental Protection Agency, including a copy of the
State's surety review or the final surety arrangement.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11, 2009. Paae 114
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TR RAI-MI-5
Provide additional information and analyses related to site flooding.

Background: The applicant did not adequately address the potential for flooding of the site from large
floods on nearby streams. In accordance with the requirements of 10 CFR Part 40, Appendix A, and the
suggested criteria of NUREG-1569, the effects of potential flooding need to be addressed.

Needed: The applicant needs to provide appropriate estimates of peak flood discharges and water
levels produced by large floods on Pass Creek, Beaver Creek, and local small drainage areas.

Response: TR RAI-MI-5

Please refer to TR RAI Appendix MI-5 which is included in this submission for peak flood discharges and
water levels produced by large floods on Pass Creek, Beaver Creek, and local small drainage areas.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Reoort Submitted August 11. 2009. .n, 11 I
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TR RAI-MI-6

Provide additional information and analyses related to retention pond design and the

effects of local intense rainfall and flooding.

Background: The applicant did not provide sufficient information and analyses related to runoff and
flooding from local intense rainfall with respect to erosion and the capacity of site retention ponds. In
accordance with the requirements of 10 CFR Part 40, Appendix A, and the suggested criteria of
NUREG-1569 and Regulatory Guide.3.11, the effects of potential flooding need to be addressed.

Needed: The applicant needs to provide: detailed site drawings showing detailed local topography
and pond construction features: peak flood calculations; peak water level and velocity calculations;
and erosion protection design features, as applicable.

Response: TR RAI-MI-6

Please refer to TRRAI Appendix MI-5 which is included in this submission for detailed site drawings.

Detailed site drawings showing detailed local topography and pond construction features as well as
erosion protection design features are included in the document "Pond and Land Application Technical
Specifications and QA/QC Plan" which is included in Appendix 3-A of TR_RAI Response Dec 2010.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted Aueust 11 2009. Pnnp 11•
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Peak Flows of Beaver Creek, Pass Creek and Other Small Drainages

The hydrologic analysis of Beaver Creek is provided in Section 2.7.1.4.2. Peak flows for various
recurrence intervals are provided in Tables 2.7-1 through 2.7-4. Water levels resulting from the floodplain
analysis are provided in the attached Appendix C, Tables 1 and 2 (HEC-RAS Beaver Creek output table
from RESPEC). The hydrologic analysis of Pass Creek is provided in Section 2.7.1.4.3 of the TR. Peak
flows for the 100 yr and estimated PMF event are provided in Table 2.7-18. Water levels resulting from
the floodplain analysis are provided in Appendix C Table 3 and 4 (HEC-RAS Pass Creek output table
from RESPEC).

Powertech has completed additional hydrologic and floodplain analysis of 12 small channels that are
tributaries to Beaver and Pass Creeks. All of these channels are ephemeral. They have no base flow and
do not contain flowing water except immediately following rain events.

Two tributary subbasins (9 and 10) of Beaver Creek were analyzed for peak flows and water surface
profiles resulting from the 100-year 24-hour storm. Subbasins 10 and 9 are the upper and lower
subbasins of a single channel that is tributary to Beaver Creek. These subbasins are shown on Figure 1
(Appendix A), and Table 1 gives the areas and 100-year peak flows for each of these subbasins.

A total of 10 tributary subbasins of Pass Creek (1, 2, 3, 4, 5, 6, 7, 8, 13, and 14) were analyzed for peak
flows and water surface profiles. These subbasins are shown on Figure 1, and the areas and peak flows
are shown in Table 1.

Peak flows and runoff hydrographs were calculated for these subbasins using the U.S. Army Corps of

Engineers HEC-1 Flood Hydrograph model and the U.S. Soil Conservation Service (SCS) unit
hydrograph methodology. A runoff curve number of 63 was used, consistent with the curve number
values used in the hydrologic analysis of the Pass Creek and Beaver Creek watersheds that is presented
in Section 2.7 of the TR. This curve number is based on the Soil Survey Geographic (SSURGO)
Database, county land use data, and a field inspection of the area. The SCS lag equation was used to

calculate the time of concentration for each subbasin. This equation is:

tc = 100L0 8[(1000/CN)-910°
1900S°50

where: L = hydraulic length of watershed (longest flow path), ft
CN = SCS runoff curve number
S = average watershed slope, %
tc = time of concentration in minutes

The time of concentration is defined as the time it takes water to flow from the hydraulically most remote

point in a basin to the basin outlet. The HEC-1 model uses the lag time (in hours) as an input parameter
to compute the runoff hydrograph, where lag time is calculated as 0.6 x tc and is defined as the time from

the center of mass of rainfall to the peak of the unit hydrograph. A Type II 24-hour precipitation
distribution at 30-minute intervals and the 24-hour precipitation value for the 100-year return period was
used in the HEC-1 modelling to calculate the peak flows. The 100-year 24-hour precipitation value was
estimated using 28 years of daily precipitation data from the nearest available meteorological station at

Edgemont, South Dakota, which is approximately 13 miles southeast of the project site at an elevation of
3,460 feet above mean sea level. A statistical analysis was performed on the daily precipitation data

using the Type I Extremal (Gumbel) distribution to determine the 24-hour precipitation value with a 100-

year return period, which was 3.83 inches. The HEC-1 model output is given in Appendix B.
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Table 1
Dewey-Burdock Subbasin Areas and 100-Year Peak Flows

Tributary To Subbasin No. Area (square miles) 100-Year 24-Hour Peak
Flow (cfs)

Pass Creek 1 0.4793 77
Pass Creek 2 0.2625 42
Pass Creek 3 0.5347 61
Pass Creek 4 0.6754 104
Pass Creek 5 0.5479 98
Pass Creek 6 0.4348 31
Pass Creek 7 0.3891 50
Pass Creek 8 0.9785 181

Beaver Creek 9 0.6626 92
Beaver Creek 10 0.6411 122
Pass Creek 13 0.1538 20
Pass Creek 14 0.1936 33

Water surface profiles for the 100-year peak flows were modeled using the U.S. Army Corps of Engineers
HEC-RAS model version 4.1. Tables 2 through 9 provide the HEC-RAS model results for each subbasin

at selected stations along the alignment of the associated channel. The results shown in the tables
include the channel station, peak flow, minimum channel elevation, water surface elevation, critical water

surface elevation, energy gradeline elevation, energy gradeline slope, channel velocity, cross-sectional
flow area, top width of flow, and Froude number. The water surface elevation determines the extent of

flooding during the peak flow. The stationing along each channel, along with the floodplain area

associated with the 100-year peak flow, is shown on Figures 2 through 9.

2
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Table 2
HEC-RAS Model Results for Subbasim 1

HEC-RAS Plan:
Reach River Sb Prolle Q Total Mki Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chni FlowArea Top VWllI Froude 0 Chli

t(c) (It) (0) (t) (ft) (ft/Mt) (ft/s) (sq ft) (t)
Basin 1 Alignmen 7073.64 PF 1 39.00 3689.98 3690.37 3890.27 3890.42 0.019708 1.82 21.38 73.95 0.60
Basin I Alignmen 6900 PF 1 39.00 3887.88 3088.38 3688.39 0.007722 1.33 29.38 81.09 0.39
Basin I Alignmen 6600 PF 1 39.00 3683.59 3683.94 3684.00 0.037455 2.08 18.73 86.03 0.79
Basih I Alilgnmen 6300 PF 1 39.00 3677.96 3_78.47 3678.51 0.010793 1.58 24.75 67.85 0.46
Basin I Alignmen 6000 PF 1 39.00 3671.98 3672.50 3672A47 3672.65 0.045404 3.11 12.53 38.33 0.93
Basin I Alignmen 5700 PF 1 39.00 36N.73 3687.56 3667.29 3887.60 0.008817 1.69 23.13 48.37 0.43
Basin I Alignmen 5400 PF 1 39.00 3681.97 3W82.27 3862.28 3862.37 0.052000 2.58 15.23 685.59 0.94
Basin 1 Alignmen 5100 PF 1 39.00 3657.84 3058.27 3858.08 3858.28 0.008130 0.92 42.33 169.87 0.33
Basin I Alignmen 4800 PF 1 39.00 3653.60 3653.84 3653.84 3653.92 0.067588 2.24 1742 111.73 1.00

Basin I Ailgnmen 4500 PF 1 39.00 3649.31 3649.84 3649.81 3049.88 0.005157 1.06 36.83 105.35 0.32
Basin 1 Aiignmen 4200 1 PF 1 77.00 3643.99 3044.65 3844.64 3844.84 0.046940 3.50 21.97 54.70 0.97
Basin 1 Alignmen 3900---- PF 1 77.00 3640.92 3041.69 3841A2 3841.71 0.004352 1.15 67.03 149.23 0.30

Basin I Alignmen 3600 PF F1 77.00 3637.98 3638.36 3638.36 3638.49 0.058230 2.79 27.61 113.85 1.00
Basin 1 Alignmen 3300 PF 1 77.00 3634.70 3635.65 3635.10 3635.66 0.001014 0.68 116.69 200.00 0.15

Basin I Alignmen 3000 PF 1 77.00 3634.00 3634.55 3634.55 3634.69 0.058317 3.03 25.37 92.25 1.02

Basb I Aflgnmen 2700 PF 1 77.00 3629.48 3630.18 362929 3630.19 0.001312 1.01 78.54 84.64 0.19
Basin 1 Alignmen 2400 PF 1 77.00 3827.98 3028.79 3828.79 3629.02 0.047753 3.87 19.89 43.15 1.01
Basin,1 Alignmen 2100 PF 1 77.00 3824.49 3628.24 3825.48 3828.27 0.002733 1.23 62.78 89.34 0.28
Basin I Alignmen 1800 PF 1 77.00 3623.78 3624.68 3624.75 0.012404 2.08 3689 74.12 0.52

Basin I Alignmen 1500 PF 1 77.00 3617.91 3619.68 3619.98 0.020841 4.41 17.47 16.29 0.75

Basin I Alignmen 1200 PF 1 77.00 3614.17 3616.85 3616.95 0.005767 2.61 29.50 23.00 0.41
Basin I Alignmen 900 PF 1 77.00 3612.00 3614.72 3614.81 0009049 2.42 31.81 39.27 0.47

Basin 1 Alignmen 600 PF 1 77.00 3612.00 3613.54 3613.58 0.002295 1.49 51.78 48.32 0.25

Basin I Aginmen 300 PF 1 77.00 3611.77 3612.79 3812.26 3612.82 0.002819 1.35 57.07 71.97 0.27
Basin 1 Algnmen 0 PFF1 77.00 3609.951 3610.38 3610.38 3610.56 0.053844 3.38 22.76 66.20 1.02
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Table 3

HEC-RAS Model Results for Subbasin 2

HEC-RAS Plan: Plan 02 River: Basin 2 Alignmen Reach: Basin 2 Alignmen Profile: PF 1
Reach River Sta Prolle Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl PlowArea Top Width Froude # Chl

(cfs) (1t) (11) (If) (ft) (m) (Ils) (sq ft) (it)
Basin 2 Alignmen 6937.8 PF 1 42.00 3750.06 3750.67 3750A2 3750.70 0.007092 1.40 30.08 72.20 0.38

Basin 2 Alignmen 6900 PF 1 42.00 3749.61 3749.98 3749.98 3750.11 0.056676 2.85 14.73 57.56 0.99
Basin 2 Alignmen 6600 PF 1 42.00 3740.37 3741.03 3740.90 3741.10 0.018227 2.13 19.71 50.87 0.60
Basin 2 Alighmen 6300 PF 1 42.00 3731.78 3732.21 3732.21 3732.36 0.053688 3.05 13.75 46.54 0.99
Basin 2Alignmen 6000 PF 1 42.00 3724.12 3724.72 1 3724.77 0.014585 1.81 23.23 64.97 0.53
Basin 2 Alignmen 5700 PF 1 42.00 3717.97 3718.46 3718.57 0.031399 2.72 15A2 41.46 0.79
Basin 2 Aiignmen 5400 PF 1 42.00 3709.95 3710.53 3710.63 0.022553 2.56 16A3 37.89 0.68
Basin 2Alignmen 5100 PF 1 42.00 3703.08 3703.71 3703.80 0.022968 2.42 17.32 43.85 0.68
Basin 2 Alignmen 4800 PF 1 42.00 3697.69 3698.61 3698.39 3698.69 0.013179 2.17 19.38 38.23 0.54

Basin 2 Alignmerf 4500 PF 1 1 42.00 3692.00 3692.67 3692.76 0.032811 2.41 17.45 58.34 0.78
Basih 2 Alignmen 4200 PF 1 42.00 3686.37 3687.02 3687.06 0.012313 1.60 26.26 77.74 0.48
Basin 2 Allgnmen 3900 PF 1 42.00 3681.89 3682.29 3682.34 0.020836 1.86 22.60 79.25 0.61
Basin 2 Alignmen 3600 PF 1 42.00 3675.91 3676.68 3676.51 3676.76 0.016667 2.34 17.97 37.75 0.60
Basln.2 Alignmen 3300 PF 1 42.00 3672.69 3673.37 3673.14 3673.41 0.007936 1.46 28.71 69.86 0.40
Basin 2 Alignmen 3000 PF 1 42.00 3667.99 3668.43 3668A2 3668.57 0.048241 3.03 13.85 43.70 0.95
Basin 2 Alignmen 2700 PF 1 42.00 3663.94 3664.50 3664.52 0.006158 1.15 36.61 106.06 0.34
Basin 2 Alignmen 2400 PF 1 42.00 3659.98 3660.47 3660A5 3660.55 0.046614 2.17 19.36 98.48 0.86
Basin 2 Alignmen 2100 PF 1 42.00 3654.33 3655.54 3655.09 3655.58 0.008397 1.68 24.93 51.15 0.43
Basin 2 Allgrimen 1800 PF 1 42.00 3649.78 3650.27 3650.27 3650.37 0.054852 2.53 16.63 76.01 0.95
Basin 2 Alignmen 1500 PF1 42.00 3644.53 3645.50 3645.14 3645.53 0.005528 1.48 28.28 51.30 0.35
Basin 2.Alignmen 1200 PF 1 42.00 3641.93 3642.23 3642.28 0.030392 1.74 24.17 124.11 0.69
Basin 2.Alignmen 900 PF 1 42.00 3638.97 3639.48 363927 3639.49 0.004403 0.97 43.31 125.35 0.29
Basin 2 Alignmen 600 PF 1 42.00 3635.99 3636.25 3636.23 3636.32 0.051446 2.19 19.17 103.45 0.90
Basin 2 Alignmen 300 PF 1 42.00 3633.97 3634.41 1 3634.41 0.002313 0.70 60.22 176.27 0.21
Basin 2 AJlignmen 0 PF 1 42.00 3632.00 3632.33 3632.33 3632.45 0.060515 2.78 15.10 64.07 1.01
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POWERTECh (USA) INc.

Table 4

HEC-RAS Model Results for Subbasin 3

HEC-RAS Plan: Plan 01 River: Basin 3 Alignmen Reach: Basin 3 Alignmen Profile: PF 1
Reach River Sta Profile a Total Min Ch El W.S. Elev CAtMWS. E.G. Elev E.G. Slope Vel Chni Flow Area Top Width Froude # Chl

(cfs) (ft) (It) (It) (ft) (MRlt) (f/s) (sq ft) (t)

Basin 3 Alignmen 9228.02 PF1 61.00 3801.12 3802.31 3802.24 3802.55 0.033598 3.89 15.67 24.73 0.86
Basin 3 Allgnmen 9000 PF 1 61.00 3793.80 3794.32 3794.27 3794.44 0.037378 2.85 21.41 61.32 0.85
Basin 3 Alignmen 8700 PF 1 61.00 3783.93 3784.73 3784.63 3784.90 0.027410 3.26 18.71 34.61 0.78
Basin 3 Aignmen 8400 PF1 61.00 3773.06 3773.66 3773.66 3773.85 0.052103 3.44 17.74 49.12 1.01
Basin3Ailgnmen 8100 PF 1 61.00 3764.29 3765.07 3764.90 3765.16 0.016985 2.40 25.39 51.92 0.61
Basin 3 Alignmen 7.800 PF 1 61.00 3756.62 3757.20 3757.17 3757.30 0.045742 2.56 23.81 92.99 0.89
Basin 3 Alignirnen 7500 PF 1 61.00 3749.98 3751.12 3750.83 3751.20 0.011403 2.26 27.02 44.98 0.51
Basin 3 Alignmen 7200 PF 1 61.00 3745.94 3746.58 3746.69 0.020786 2.65 23.04 47.38 0.67
Basin 3 Alignmen 6900 PF 1 61.00 3741.97 3742.50 3742.31 3742.54 0.009762 1.58 38.60 97.77 0.44
Basin 3 'Alignmen 6600 PF1 61.00 3737.33 3737.78 3737.86 0.028717 2.24 27.19 91.44 0.73
Basin 3 Alignmen 6300 PF 1 61.00 3725.94 3727.16 3727.16 3727.55 0.041620 5.01 12.18 15.98 1.01

Basin 3 Alignmen 6000 PF 1 61.00 3719.93 3721.82 3721.11 3721.90 0.005030 2.21 27.59 25.35 0.37
Basin 3 ADignmen 5700 PF 1 61.00 3717.77 3718.38 3718.35 3718.50 0.044668 2.84 21.48 70.61 0.91
Basin 3 Alignmen 5400 PF1 61.00 3709.96 3710.81 3710.90 0.016292 2.32 26.27 54.63 0.59
Basin 3 Alignmen 5100 PF 1 61.00 3706.32 3707.30 3707.36 0.008860 1.95 31.32 53.85 0.45
Basin,.3 Aignmen 4800 PF1 61.00 3701.95 3702.54 3702.49 3702.68 0.034452 2.95 20.69 52.92 0.83
Basin 3 Alignmen 4500 PF1 61.00 3696.76 3697.84 3697.88 0.009112 1.79 34.12 68.15 0.45
Basin 3 Alignmen 4200 PF 1 61.00 3691.90 3692.91 3692.85 3693.12 0.034272 3.63 16.82 31.35 0.87
Basin 3 Aligrimen 3900 PF 1 61.00 3688.00 3689.39 3689.44 0.006116 1.89 32.25 43.78 0.39
Basin 3 Alignmen 3600 PF 1 61.00 3683.98 3685.20 368520 3685.55 0.042843 4.71 12.94 19.12 1.01
Basin 3 Allgnmen 3300 PF 1 61.00 3679.98 3681 *92 3681.20 3681.98 0.004440 2.01 30.33 29.35 0.35
Basin 3.Afignmen 3000 PF1 61.00 3677.84 3678.59 3678.59 3678.83 0.047391 3.98 15.34 31.77 1.01
Basin 3 Alignmen 2700 PF 1 61.00 3673.81 3674.70 3674.41 3674.73 0.005729 1.40 43.46 87.78 0.35
Basin 3 Anignmen 2400 .PF 1 61.00 3671.93 3672.54 3672.59 0.009096 1.82 33.43 64.63 0.45
Basin 3-Alignmen 2100 PF 1 61.00 3669.94 3670.67 3670.70 0.004628 1.34 45.35 83.54 0.32
Basin.3 Alignmen 1800 PF 1 61.00 3667.73 3668.74 3668.78 0.009495 1.62 37.63 89.78 0.44
Basin 3 Alignmen 1500 PF 1 61.00 3665.89 3666.33 3666.35 0.006914 1.18 51.66 156.36 0.36
Basin 3 Alignmen 1200 PF 1 61.00 3661.73 3662.75 3662.89 0.022602 3.02 20.20 36.23 0.71
Basin 3 Alignmen 900 PF 1 61.00 3657.84 3659.20 3658.67 3659.25 0.007471 1.73 35.26 63.59 0.41
Basin 3 Alignmen 600 PF 1 61.00 3653.80 3654.29 365429 3654.45 0.055146 3.21 18.99 60.67 1.01
Basin 3 Aflgnmen 300 PFi 61.00 3650.00 3652.34 3651.35 3652.39 0.002459 1.73 35.21 27.20 0.27
Basin 3 Anignmen 0 PF 1 61.00 3649.83 3650.201 3650.20 3650.34 0.059093 2.99 20.42 76.80 1.02
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POWERTECh (USA) INC.

Table 5
HEC-RAS Model Results for Subbasin 4

HEC-RAS Plan: Plan 01 River: Basn 4 Aignmen Reach: Basin 4 Alignmen Profile: PF 1
Reach River Sta Profile 0 Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top.Width Froude # Chl

(cis) (ft) (it) (it) (OQ (f~t) 01t/s) (sq ft) (ft)

Basin 4 Alignmen 7235.89 PF1 104.00 3847.31 3849.25 3848.91 3849.40 0.014269 3.17 32.86 37.04 0.59
Basin 4 Alignmen 7200 PF 1 104.00 3846.46 3848.13 3848.13 3848.55 0.043395 5.20 20.00 24.26 1.01
Basin 4 Alignmen 6900 PF 1 104.00 3831.93 3832.76 3832.86 3833.20 0.061270 5.31 19.57 31.79 1.19

Basin 4 Alignmen 6600 PF 1 104.00 3818.80 3819.41 3819.34 3819.53 0.029175 2.77 37.48 92.70 0.77
Basin 4 Alignmen 6300 PF 1 104.00 3807.75 3808.49 380849 3808.77 0.045040 4.23 24.58 44.67 1.01
Basin 4.Alignmen 6000 PF 1 104.00 3797.91 3799.12 3798.86 3799.26 0.015178 2.99 34.73 46.85 0.61
Basin 4 Alignmen 5700 PF1 104.00 3790.76 3791.61 3791.61 3791.88 0.046339 4.12 25.27 48.92 1.01
Basin.4 Aignmen 5400 PF 1 104.00 3781.51 3782.53 3782.36 3782.68 0.020294 3.08 33.76 54.35 0.69
Basin 4:Alignmen 5100 PF 1 104.00 3774.73 3775.61 3775.77 0.026350 3.23 32.24 58.90 0.77
Basin 4Alignmen 4800 PF 1 104.001 3764.49 3765.48 3765.48 3765.80 0.043084 4.57 22.77 35.65 1.01
Basin:4 Alignmen 4500 PF1 104.00 3759.40 3760.36 3760.10 3760.40 0.007819 1.73 59.96 111.75 0.42
Basin 4 Alignmen 4200 PF1 104.00 3755.68 3756.25 3756.18 3756.36 0.028438 2.69 38.68 98.38 0.76
Basin 4Alignmnen 3900 PF1 104.00 3749.89 3750.96 3750.68 3751.04 0.012088 2.26 46.03 80.03 0.52

Basin 4:Alignmen 3600 PF1 104.00 3745.09 3746.04 3745.88 3746.16 0.022983 2.84 36.61 73.11 0.71
Basin 4 Alignmen 3300 PF1 104.00 3739.93 3740.54 3740.62 0.015148 2.35 44.22 85.70 0.58
Basin 4 Alignmen 3000 PF 1 104.00 3735.98 3737.22 3736.78 3737.32 0.008344 2.54 40.92 45.01 0.47
Basin 4 Alighmen 2700 PF 1 104.00 3731.76 3732.39 3732.36 3732.59 0.040058 3.59 28.99 61.85 0.92
Basin 4 Alignmen 2400 PF 1 104.00 3727.12 3728.44 3728.50 0.006698 2.05 50.78 65.52 0.41
Basin, 4Algnmen 2100 PF 1 104.00 3724.00 3725.46 3725.61 0.015004 3.04 34.20 44.68 0.61

Basin 4Alignmen 1800 PF 1 104.00 3720.68 3721.95 3722.05 0.009527 2.61 39.79 46.41 0.50
Basin4 Alignmen 1500 PF.1 104.00 3717.83 3718.85 3718.95 0.011233 2.63 39.54 51.69 0.53
Basin 4 Aignmen 1200 PF 1 104.00 3715.74 3716.63 3716.68 0.005395 1.75 59481 82.87 0.36
Basin 4 Alignmen 900 PF1 104.00 3712.091 3712.80 3712.80 3713.01 0.049171 3.70 28.11 66.80 1.01
Basin4 Arignmen 600 PF 1 104.00 3703.93 3705.05 3704.75 3705.21 0.013648 3.25 31.99 35.09 0.60
Basin4 Alignmen 300 PF 1 104.00 3701.71 3703.18 3702.53 3703.23 0.003790 1.80 57.66 58.79 0.32
Basin 4 Alignmen 0 PF1 104.00 3699.681 3700.21 3700.21 3700.39 0.052036 3.42 30.40 84.81 1.01
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POWERTECI (USA) INC.

Table 6
HEC-RAS Model Resutts for Subbasins 5,13, and 14

HEC-RAS Plan:FPa1n01 RlheBasin5-13Algn Reach: Basin 5-13Aign Profile: PFI

Reach River Sta Profile Q Total Min Ch El W.S. lev Crdt W.S. E.G. Bev E.G. Slope Val Chni Flow Area Top Width Froude 0 Chl
WCos) (t) (it) (it) (it) (ftit) (Il/s) (sq It) (It)

Basin 5-13 Align 17055.05 PF 1 49.00 3925.97 3926.20 3926.15 392621 0.019699 1.03 47.60 387.94 0.52
Basin 5-13 Align 17000 PF 1 49.00 3923.93 3924.33 3924.33 3924.43 0.081192 2.60 18.83 89.04 1.00
Basin 5-13 Align 16500 PF 1 49.00 3861.67 386206 386232 3863.11 0.474741 8.22 5.96 23.44 Z87
Basin 5-13 Align 16000 PF 1 49.00 3837.70 3838.44 3838.44 3838.69 0.046918 4.03 12.15 24.40 1.01
Basin 5-13 Align 15500 PF 1 49.00 3820.70 3822.15 3821.82 3822.30 0.013472 3.07 15.95 18.70 0.59
Basin 5-13 Align 15000 PF 1 49.00 3809.63 3810.14 3810.14 3810.30 0.054076 3.27 15.00 46.09 1.01
Basin 5-13 Align 14500 PF 1 49.00 3793.98 3795.33 3794.88 3795.40 0.006727 2.14 22.92 27.71 0.41
Basin 5-13 Align 14000 PF 1 49.00 3787.99 3788.94 3789.17 0.030245 3.81 12.88 20.19 0.84

Basin 5-13 Align 13800 PF 1 98.00 3778.92 3779.96 3779.73 3780.07 0.014659 Z66 38.79 57.68 0.59
Basin 5-13 Align 13000 PF 1 98.00 3766.63 3767.36 3767.38 3767.56 0.051916 3.59 27.29 70.63 1.02
Basin 5-13 Align 12500 PF 1 98.00 3753.92 3754.67 3754.41 3754.75 0.010958 2.38 41.52 82.73 0.51
Basin 5- 13 Align 12000 PF 1 98.00 3743.70 3744.15 3744.15 3744.30 0.054338 3.13 31.29 102.95 1.00
Basin 5-13 Align 11500 PF 1 98.00 3734.04 3734.67 3734.48 3734.69 0.000686 1.31 75.07 219.46 0.39
Basin 5-13 Align 11000 PF 1 98.00 3724.66 3725.88 3725.88 3725.98 0.061937 2.78 38.56 155.12 1.01

Basin 5-13 Align 10500 PF 1 98.00 3713.85 3714.79 3714.47 3714.86 0.007733 Z05 47.81 68.74 0.43
Basin 5-13 Align 10000 PF 1 98.00 3705.91 3707.00 3707.00 3707A.0 0.039463 5.11 19.17 23.59 1.00
Basin 5-13 Align 9500 PF 1 195.00 3699.97 3701.88 3701.25 3701.95 0.005553 2.18 89.59 91.53 0.39
Basin 5-13 Align 9000 PF 1 195.00 3897.35 3698.44 3898.13 3698.51 0.008733 202 98.48 155.29 0.45

Basin 5-13 Align 8500 PF 1 195.00 3692.53 3693.32 3693.15 3693.38 0.012176 1.92 101.36 224.77 0.50
Basin 5-13 Align 8D00 PF 1 195.00 3688.00 3688.52 3688.56 0.007825 1.54 126.30 280.07 0.41
Basin 5-13 Align 7500 PF 1 195.00 3879.40 3680.07 3680.07 3680.25 0.056117 3.38 57.61 172-18 1.03
Basin 5-13 Align 7000 PF 1 195.00 3669.99 3673.20 3671.81 3673.30 0.005113 253 77.07 58.38 0.39
Basin 5-13 Align 6500 PF 1 195.00 3665.97 3669.72 3670.00 0.008680 4.26 45.79 22.49 0.53
Basin 5-13 Align 8000 PF 1 195.00 38M2.02 3665.83 3865.94 0.007453 261 74.82 71.90 0.45
Basin 5-13 Align 5500 PF 1 195.00 3659.89 366273 3861.70 3862.76 0.005374 1.51 129.39 224.20 0.35
Basin 5.13 Align 5000 PF 1 195.00 3655.60 3656.57 3656.57 3656.94 0.041190 4.88 39.98 54.82 1.01
Basin 5-13 Align 4500 PF 1 273.00 3651.88 3683.68 3652.73 3853.70 0.002475 1.67 163.98 137.08 0.27
Basin 5-13 Align 4000 PF 1 273.00 3847.93 3680.15 3650.15 3850.36 0.051246 3.69 73.93 181.44 1.02
Basin 5-13 Align 3500 PF 1 273.00 3645.78 3647.21 3646.57 3847.23 0.002245 1.18 231.80 301.76 0.24
Basin 5-13 Align 3000 PF 1 273.00 3841.99 3644.28 3644.21 3844.39 0.033742 2.69 101.44 292.28 0.81

Basin 5-13 Align 2500 PF 1 273.00 3637.92 3640.67 3840.72 0.003089 1.81 150.92 128.52 0.29
Basin 5-13 Align 2000 PF 1 273.00 3635.98 3638.79 3638.34 3638.83 0.004699 1.69 161.42 212.59 0.34

Basin 5-13 Align 1500 PF 1 273.00 3834.00 3638.57 3683.17 3836.61 0.004201 1.52 179.52 255.10 0.32
Basin 513 Align 1000 PF 1 326.00 3630.77 3632.39 3832.55 0.017724 3.18 102.68 141.07 0.66
Basin 5-13 Align 500 PF 1 325.00 362.881 3630.31 -T 3830.33 0.001926 1.2 265.26 292.71 0.23

Basin 5-13 Align 0 _ PF P 1 328.00 3828.25 3827.34 3627.34 3827.66 0.044020 4.52 72.11 118.77 1.01
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POWERTECh (USA) INC.

Table 7
HEC-RAS Model Results for Subbasins 6 and 7

HEC-RAS Plan: Plan 01 River. Basin 6-7 Alignm Reach: Basin 6-7 Alignm Profile: PF 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. E[ev E.G. Slope Vel Chnl FlowArea Top Width Froude # Chi

(ors) (it) (ft) (it) (ft) (/ft) (ft/s) (sq It) (it)
Basin 6-7 Alignm 15450.95 PF 1 35.00 3774.99 3775.34 3775.34 3775.42 0.070179 2.25 15.56 101.55 1.01
Basin 6-7 Alignm 15300 PF 1 35.00 3762.15 3762.61 3762.69 3762.85 0.100217 3.88 9.02 33.56 1.32
Basin.6-7 Alignm 15000 PF 1 35.00 3749.89 3750.45 3750.27 3750.49 0.010612 1.50 23.40 68.53 0.45
Basin 6-7 Alignm 14700 PF 1 35.00 3743.65 3744.11 3744.11 3744.25 0.057553 3.00 11.68 42.85 1.01
Basin 6-7 Alignm 14400 PF 1 35.00 3734.78 373541 3735.23 3735.47 0.012830 1.85 18.87 46.13 0.51
Basin 6-7 Alignm 14100 PF 1 35.00 3727.87 3728.22 3728.22 3728.34 0.057753 2.83 12.35 49.43 1.00
Basin 6-7 Alignm 13800 PF 1 35.00 3719.92 3720.88 3720.62 3720.93 0.010434 1.86 18.81 39.15 0.47

Basin 6-7 Alignr 13500 PF 1 35.00 3715.86 3716.14 3716.18 0.026800 1.47 23.83 143.51 0.64
Basin 6-7 Alignm 13200 PF 1 35.00 3711.20 3711.97 3712.01 0.008457 1.60 21.88 48.82 0.42
Basin 6-7.Alignm 12900 PF 1 35.00 3706.66 3707.30 3707.22 3707.43 0.035049 3.00 11.68 29.49 0.84
Basin 6-7 Alignm 12600 PF 1 35.00 3703.91 3704.37 3704.38 0.004881 1.00 35.17 102.72 0.30
Basin 6-7 Alignm 12300 PF 1 35.00 3701.90 3702.22 3702.24 0.012199 1.20 29.19 132.16 0.45
Basin 6-7 Alignm 12000 PF 1 35.00 3697.96 3698.33 3698.35 0.013836 1.30 26.99 119.16 0.48
Basin.6-7 Algnm 11700 PF 1 35.00 3694.61 3695.11 3695.13 0.008541 1.18 29.67 105.39 0.39
Basin 6-7 Alg•nm 11400 PF 1 35.00 3689.87 3690.29 3690.37 0.038882 2.32 15.10 60.66 0.82
Basin 6-7Alignm 11100 PF 1 35.00 3685.97 3686.71 3686.40 3686.73 0.005824 1.08 32.35 98.18 0.33
Basin 6-7 Alignm 10800 PF 1 35.00 3682.05 368245 3682.45 3682.52 0.069032 2.15 16.26 111.90 1.00
Basin 6-7 Alignm 10500 PF 1 35.00 3675.97 3676.60 3676.30 3676.62 0.004661 1.14 30.63 72.39 0.31
Basin 6-7 Alignm 10200 PF 1 35.00 3674.00 3674.43 3674.47 0.012409 1.74 20.14 52.89 0.50
Basin 6-7 Alignm 9900 PF 1 35.00 3670.15 3670.95 3671.01 0.010742 1.91 18.37 37.71 0.48
Basin 6-7 Aignm 9600 PF 1 50.00 3665.98 3667.04 3666.80 3667.14 0.014768 2.58 19.40 32.09 0.58
Basin 6-7 Alignm 9300 PF 1 50.00 3663.63 3664.48 3664.50 0.005768 1.17 42.79 113.94 0.34
Basin 6-7 Alignm 9000. PF 1 50.00 3661.67 3662.34 3662.37 0.008888 1.22 40.89 141.51 0.40
Basin 6-7 Aignnm 87.00 PF 1 50.00 3659.94 3660.84 3660.86 0.003218 1.21 41.26 67.64 0.27
Basin 6-7 Adignm 8400 PF 1 50.00 3658.00 3659.28 3659.32 0.009327 1.59 31.48 76.41 0.44
Basin 6-7 Alignm .8100 PF 1 50.00 3655.97 3657.35 3657.39 0.004743 1.61 31.03 44.27 0.34
Basin 6-7 Aligrm 780.0 PF 1 50.00 3654.00 3655.38 3655.49 0.008892 2.61 19.17 21.08 0.48
Basin 6-7 Aiigmnh 7500 PPF 1 50.00 3651.88 3653.81 3653.85 0.003627 1.79 27.99 27.73 0.31
Basin 6-7 Alignm 7200 PF 1 50.00 3650.00 3652.28 3652.36 0.007301 2.22 22.49 26.95 0.43
Basin 6-7 Alignm 69010 PF 1 50.00 3650.00 3650.38 3650.40 0.005712 1.04 47.89 150.84 0.33
Basin 6-7 Alignm 6600 PF 1 70.00 3648.05 3648.86 3648.89 0.004639 1.50 46.57 72.71 0.33
Basin 6-7 Aignm 600 PF 1 70.00 3645.86 3647.50 3647.55 0.004312 1.71 40.95 49.85 0.33
Basin.6-7Alignm 6000 PF 1 70.00 3644.00 3646.18 3646.21 0.004616 1.25 56.18 115.56 0.31
Basin 6-7 Alignm 5700 PF 1 70.00 3643.82 3644.53 3644.57 0.006596 1.52 45.98 91.76 0.38
Basin.6-7 Alignm 5400 PF 1 70.00 3641.96 364247 3642.51 0.007138 1.45 48.22 109.65 0.39
Basin 6-7 Alignm 5100 PF 1 70.00 363841 3639.20 3639.29 0.017793 2.48 28.24 57.05 0.62
Basin 6-7 Alignm 44800 PF 1 70.00 3632.82 3634.39 3633.96 3634.46 0.014647 2.12 32.97 72.47 0.55
Basin 6-7 Alignm 4500 PF 1 70.00 3629.76 3630.65 3630.73 0.010679 2.28 30.76 48.14 0.50
Basin 6-7 Alignm 4200 PF 1 70.00 3628.00 3629.29 3629.31 0.002589 1.26 55.76 73.64 0.25
Basin 6-7 Atignin 3900 PPF 1 70.00 3627.99 3628.72 3628.73 0.001513 0.86 81.70 127.39 0.19
Basin 6-7 Alignm 3600 PPF 1 70.00 3627.24 3628.19 1 3628.20 0.002077 0.95 73.67 124.86 0.22
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POWERTECk (USA) INC.

Table 7 (Continued)
HEC-RAS Model Results for Subbasins 6 and 7

HEC-RAS Plan: Plan 01 River: Basin 6-7 Alignm Reach: Basin 6-7 Alignm Prolie: PF 1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Bev E.G. Slope Vel Chnl Flow Area Top VWidth Froude # Chi

(cia) (11) (it) (it) (ft) (t/ft) (Itts) (sq 1t) (ft)
Basin 6-7 Alignm 3300 PF 1 70.00 3625.72 3626.29 3626.29 3626.43 0.054666 3.06 22.67 78.21 1.00

Basin 6-7 Algnm 3000 PF 1 70.00 3620.00 3622.73 3621.66 3622.80 0.004202 2.13 32.94 27.63 0.34
Basin 6-7 Alignm 2700 PF 1 70.00 3619.93 3621.35 3621.43 0.005072 2.23 31.38 28.69 0.38

Basin 6-7 Alignm 2400 PF 1 70.00 3617.98 3619A0 3619.48 0.008561 2.34 29.94 38.07 0.46
Basin 6-7 Alignm 2100 PF 1 70.00 3613.97 3615.92 3615.54 3616.15 0.014794 3.86 18.13 15.87 0.64
Basin 6-7 Alignm 1600 PF 1 70.00 3611.98 3613.28 3613.36 0.006227 2.23 31.39 33.67 0.41
Basin 6-7 Alignm 1500 PF1 428.00 3609.99 3612.18 3612.27 0.003348 2.37 180.47 110.58 0.33
Basin 6-7 Aiignm 1200 PF 1 428.00 3606.00 3611.08 3611.22 0.003623 2.95 145.03 67.17 0.35
Basin 6-7 Alignm 900 PF 1 428.00 3605.90 3610.30 3610.35 0.002250 1.67 255.83 195A3 0.26

Basin 6-7 AJignm 600 PF 1 428.001 3603.94 3609.10 3609.29 0.006125 3.44 124.56 68.17 0.45
Basin 6-7 Ailgnm 300 PF 1 428.00 3603.79 3607.22 3606.70 3607.32 0.006907 2.61 163.76 148.88 0.44
Basin 6-7 Aiignm 0 PF 1 428.00 3599.86 3602.61 3602.61 3603.33 0.033546 6.79 63.07 44.85 1,01

9
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Table 8
HEC-RAS Model Results for Subbasin 8

HEC-RAS Plan: Plan 01 River Basin 8 Aligimen Reach: Basin 8 Alignmen ' Profile: PF 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Cr1t W.S. E.G. Elev E.G. Slope Vel Chni Flow Area Top Width Froude # Chl

(cfs) (it) (it) (ft) (It) (ft/lt) (ftls) (sq ft) (it)
Basin 8 Alignmen 6900 PF 1 45.00 3777.90 3778.66 3778.36 3778.71 0.007543 1.76 25.63 45.49 0.41
Basin 8 Alignmen 6883.4 PF 1 45.00 3777.73 3778.48 3778.55 0.012173 2.02 22.23 45.68 0.51
Basin 8 Alignmen 6600 PF 1 45.00 3772.51 3773.49 3773.36 3773.65 0.026270 3.29 13.67 23.20 0.76
Basin 8 Alignmen 6300 PF 1 45.00 3767.88 3768.37 3768.42 0.012299 1.80 24.99 61.84 0.50
Basin 8 Alignmen 6000 PF 1 45.00 3763.89 3764.30 3764.19 3764.35 0.015055 1.74 25.83 78.19 0.53
Basin 8 Alignmen 5700 PF 1 45.00 3755.36 3756.76 3756.76 3757.16 0.043422 5.04 8.93 11.71 1.02
Basin 8 Alignmen 5400 PF 1 45.00 3747.96 3749.62 3749.11 3749.73 0.008511 2.70 16.68 16.68 0.48

Basin 8 Aignmen 5100 PF 1 45.00 3743.91 3744.38 3744.38 3744.58 0.050737 3.61 1245 31.29 1.01
Basin 8 Alignmen 4800 PF 1 45.00 3739.99 3741.09 3740A6 3741.11 0.002488 1.35 33.35 38.24 0.25

Basin 8 Alignmen 4500 PF 1 90.00 3737.76 3738.59 3738.75 0.020743 3.18 28.33 44.19 0.70
Basin 8 Alignmen 4200 PF 1 90.00 3733.98 3734.96 3734.60 3735.03 0.008132 2.14 42.09 58.94 0.45
Basin 8 Alignmen 3900 PF 1 90.00 3729.24 3729.78 3729.78 3729.93 0.055176 3.05 29.53 102.38 1.00
Basin 8 Alignmen 3600 PFF1 90.00 3724.00 3725.13 3724A2 3725.15 0.001112 0.98 91.44 92.08 0.17
Basin 8 Alignmen 3300 PF 1 90.00 3724.00 3724.30 3724.34 0.013643 1.55 57.93 193.12 0.50
Basin 8 Alignmen 3000 PF 1 181.00 3714.72 3715.49 3715A9 3715.71 0.047720 3.79 47.73 106.91 1.00
Basin 8 Alignmen 2700 PFF1 181.00 3710.24 3711.38 3710.93 3711.42 0.005121 1.84 98.36 121.23 0.36
Basin 8 Alignmen 2400 PF 1 181.00 3707.07 3707.68 3707.68 3707.88 0.050376 3.54 51.20 132.67 1.00
Basin 8 Alignmen 2100 PFF1 181.00 3699.93 3701.34 3700.90 3701.49 0.009968 3.05 59.29 56.23 0.52
Basin 8 Alignmen 1800 PFF1 181.00 3695.78 3697.07 3697.38 0.019983 4.27 42A0 41.15 0.74

Basin 8 Alignmen 1500 PF1 181.00 3691.77 3693.01 3693.15 0.010225 3.00 60.37 60.40 0.53
Basin 8 Alignmen 1200 PF1 181.00 3687.65 3688.79 3688.98 0.019740 3.55 50.95 64.82 0.71

Basin 8 Alignmen 900 PF 1 181.00 3688.00 3687.77 3687.81 0.001536 1.48 122.37 85.31 0.22
Basin 8 Alignmen 600 PF 1 181.00 3685.83 3687.06 1 3687.11 0.003913 1.80 100A7 105.21 0.32
Basin 8 Alignmen 300 PFF1 181.00 3683.91 3684.68 3684.52 3684.84 0.019867 3.23 55.97 82.40 0.69
Basin 8 Alignmen 0 PFF1 181.00 3674.00 3876.37 3676.37 3677.00 0.035346 6.39 28.30 22.58 1.01

10
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Table 9
HEC-RAS Model Results for Subbasins 9 and 10

HEC-RAS Plan: Plan 01 River. Basin 9-10Align Reach: Basin 9-10 Align Pmfile: PF 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi

(crs) (it) (if) (f0) (I) (0t0 U) (ft/s) (sq It) (i0)
Basin 9-10 Align 13404.94 PF 1 61.00 3923.38 3924.43 3924.43 3924.75 0.044618 4.53 13.46 21.81 1.02

Basin 9-10 Align 13200 PF 1 61.00 3905.83 3906.79 3907.19 3908.09 0.188802 9.14 6.68 10.98 2.06

Basin 9-10 Align 12900 PF 1 61.00 3865.99 3867.05 3867.27 3867.79 0.099758 6.89 8.85 13.85 1.52

Basin 9-10 Align 12600 PF 1 61.00 3849.88 3850.92 3850.92 3851.27 0.042823 4.72 12.93 19.07 1.01
Basin 9-10 Align 12300 PF1 61.00 3829.98 3831.32 3831.62 3832.31 0.101559 8.02 7.61 9.27 1.56

Basin 9-10 Align 12000 PF 1 61.00 3815.54 3816.25 3816.22 3816.48 0.038415 3.79 16.09 30.53 0.92
Basin 9710 Align 11700 PF1 61.00 3802.83 3803.85 3803.85 3804.18 0.043701 4.58 13.33 20.94 1.01

Basin 9-10 Align 11400 PF1 61.00 3793.08 3793.64 3793.57 3793.73 0.027088 2.42 25.19 72.29 0.72

Basin 9-10 Align 11100 PF1 61.00 3781.96 3782.42 3782.42 3782.56 0.054383 3.07 19.85 67.19 1.00
Basin 9-10 Align 10800 PF 1 61.00 3766.01 3766.88 3766.77 3767.03 0.027470 3.12 19.57 38.85 0.77

Basin 9-10 Align 10500 PF1 61.00 3755.08 3755.61 3755.61 3755.75 0.054462 3.04 20.06 69.08 0.99

Basin 9-10 Align 10200 PF1 61.00 3743.38 3744.31 3744.31 3744.60 0.045592 4.32 14.12 25.05 1.01
Basin 9-10.Align 9900 PF1 61.00 3733.88 3734.67 3734.43 3734.76 0.012194 2.37 25.74 41.86 0.53

Basin 9-10 Align 9600 PF1 122.00 3725.77 3726.39 3726.39 3726.61 0.047515 3.79 32.21 72.01 1.00
Basin 910 Align 9300 PF 1 122.00 3715.89 3717.28 3716.91 3717.43 0.012025 3.08 39.55 42.78 0.57

Basin 9-1Q Align 9000 PF 1 122.00 3709.64 3710.93 3710.93 3711.31 0.041330 4.97 24.55 32.78 1.01
Basin 9-10 Align 8700 PF 1 122.00 3701.92 3703.69 3703.21 3703.81 0.011870 2.80 43.52 53.85 0.55

Basin 9-10 Align 8400 PF 1 122.00 3695.99 3697.96 3697.88 3698.38 0.030368 5.25 23.25 22.43 0.91

Basin 9-10 Align 8100 PF 1 122.00 3693.88 3694.70 3894.75 0.006168 1.79 68.08 101.15 0.38

Basin 9-10 Align 7800 PF 1 122.00 3890.03 3690.49 3690.49 3690.69 0.049685 3.57 34.18 86.38 1.00
Basin 9-10 Align 7500 PF 1 122.00 3883.98 3684.77 3684.44 3684.83 0.007085 1.88 64.99 99.92 0.41

Basin 9-10 Align 7200 PF 1 122.00 3880.00 3680.68 3680.61 3880.76 0.035486 2.59 47.03 149.00 0.81

Basin 9-10 Align 6900 PF 1 122.00 3875.91 3676.83 3876.a8 0.006577 1.82 67.10 102.32 0.40

Basin 9-10 Align 6600 PF 1 122.00 3871.78 3672.37 3672.37 3672.56 0.052238 3.51 34.74 93.39 1.01
Basin 9-10 Align 6300 PF 1 122.00 3659.86 3662.42 3661.57 3682.60 0.006759 3.33 36.68 22.29 0.46

Basin 9-10 Align 6000 PF 1 122.00 3856.92 3660.04 3660.25 0.009144 3.71 32.85 21.08 0.52

Basin 9-10 Align 5700 PF 1 122.00 3853.97 3657.02 3657.27 0.010865 3.98 30.62 20.08 0.57

Basin 6-10 Align. 5400 PF 1 122.00 3651.02 3654.25 3854.45 0.008102 3.58 34.12 21.10 0.50
Basin 9-10 Align 5100 PF 1 122.00 3648.08 3650.96 3651.26 0.014455 4.42 27.58 19.17 0.65

Basin 9-lO Align 4800 PF 1 122.00 3845.13 3648.44 3848.59 0.005879 3.11 39.29 23.77 0.43

Basin 9-10 Align 4500 PF 1 122.00 3842.19 3644.49 3644.44 3645.02 0.033954 5.87 20.77 18.09 0.97

Basin 9-10 Align 4200 PF 1 168.00 3637.94 3639.83 3640.03 0.010889 3.63 46.22 36.13 0.57
Basin 9-10 Align 3900 PF 1 168.00 3633.97 3635.98 3635.63 3638.21 0.015155 3.86 43.50 39.84 0.65

Basin 9-10 Align 3600 PF 1 168.00 3828.62 3630.01 3629.88 3630.32 0.026353 4.48 37.47 41.70 0.83

Basin 9-10 Align 3300 PF 1 168.00 3823.99 3625.92 3626.06 0.008661 2.94 57.15 51.91 0.49
Basin 9-10 Align 3000 PF 1 168.00 3819.89 3621.50 3621.35 3621.91 0.024914 5.17 32.53 27.81 0.84

Basin 9-10 Align 2700 PF 1 168.00 3815.88 3617.61 3617.75 0.008564 3.03 55.37 47.49 0.50
Basin 9g.0O Align 2400 PF 1 168.00 3811.98 3613.78 3614.08 0.019048 4.21 39.95 38.24 0.73

Basin 9-10 Align 2100 PF 1 196.00 3809.99 3612-59 3812.64 0.002172 1.89 103.72 64.68 0.26
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Table 9 (Continued)
HEC-RAS Model Results for Subbasins 9 and 10

HEC-RAS Plan: Plan 01 River: Basin 9-10Align Reach: Basin 9-10 Align Profile: PF 1 (Continued)
Reach River Sta PRofe C Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # ChI

(cs) (0) (ift) (I0) (0f) (ft/it) (frds) (sq It) (if)
Basin 9-10 Align 1800 PF 1 196.00 3609.30 3610.45 3610.45 3610.91 0.038416 5.42 36.18 40.12 1.01

Basin 9-10 Align 1500 PF 1 196.00 3602.04 3604.59 3604.02 3604.85 0.010761 4.10 47.83 30.62 0.58
Basin 9-10 Align 1200 PF 1 196.00 3599.97 3602.12 3602.26 0.006930 3.03 64.75 47.43 0.46

Basin 9-0 Align 900 PF 1 196.00 3597.75 3599.57 3599.72 0.010521 3.11 63.04 60.81 0.54

Basin 9-10 Align 600 PF 1 196.00 3594.67 3596.34 3596.03 3596.45 0.011194 2.62 74.74 97.68 0.53
Basin 9-10 Align 300 PF 1 196.00 3589.81 3592.12 3591.75 3592.43 0.016157 4.46 43.92 33.60 0.69

Basin 9-10 Align 0 PF 1 196.00 3584.00 3584.52 3584.52 358477 0.046078 3.99 49.09 9905 100

12



POWERTECh (USA) IVC.

Appendix A

Subbasin Figures
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Appendix B

HEC-1 Model Outputs

B-1 HEC-1 Output for Burdock
B-2 HEC-1 Output for Dewey
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Appendix B-1

HEC-1 Output for Burdock
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* FLOOD HYDROGRAPH PACKAGE (HEC-I) *
* JUN 1998 *
* VERSION 4.1 *

* RUN DATE 06AUGI0 TIME 16:42:45 *

** *4* *4A*4*** ** * *44******** *44*444*4*4*4**

,•*•* 4 44*4 444*4*4*4** ***4****4* *4*4**** 4

* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET
* DAVIS, CALIFORNIA 95616 *
* (9161 756-1104

*4***4***4*4**4*******44**4** *4*4*4*4**
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THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-I KNOWN AS HECI (JAN 73), HECIGS, HSC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -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 FORTRAN77 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



HEC-I INPUT

LINE ID ....... I ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10

1 ID DEWEY-BURDOCK PROJECT DV102\279.13
2 ID 24-HR PEAK FLOWS FOR PASS CREEK TRIBUTARY WATERSHEDS (Burdock Area)
3 ID PRECIPITATION INPUT: 24-HOUR TYPE II DISTRIBUTION AT 30-MINUTE INTERVALS
4 ID 24-HR 100-YR PRECIP VALUE - 3.83 inches
5 ID USES SCS UNIT HYDROGRAPH METHOD
6 ID tc - (100*L^0.8*[(1000/CN)-9]^0.7)/1900"S^0.5
7 ID L=longest flow path; S=channel slope; CN=curve number
8 ID TLAG=0.6*tc
9 ID SUBBASINS B-1,B-2,B-3,B-4,B-5,B-6,B-7,B-8 SHOWN ON AUTOCAD FILE

10 ID DVI02\279.13\CAD\Design\JRD-EG.dwg
* DIAGRAM

11 JR PREC 3.83
12 IT 15 100
13 IN 30
14 10 5

15 KK B-8
16 KM RUNOFF FROM SUBBASIN B-8
17 BA 0.9785
18 PB 1
19 PC 0 0.0053 0.0108 0.0164 0.0223 0.0284 0.0347 0.0414 0.0483 0.0555
20 PC 0.0632 0.0712 0.0797 0.0887 0.0984 0.1089 0.1203 0.1328 0.1467 0.1625
21 PC 0.1808 0.2042 0.2351 0.2833 0.6632 0.7351 0.7724 0.7989 0.8197 0.838
22 PC 0.8538 0.8676 0.8801 0.8914 0.9019 0.9115 0.9206 0.9291 0.9371 0.9446
23 PC 0.9519 0.9588 0.9653 0.9717 0.9777 0.9836 0.9892 0.9947 1
24 LS 63
25 UD 0.65

26 KK B-5
27 KM RUNOFF FROM SUBBASIN B-5
28 BA 0.548
29 LS 63
30 UD 0.73

31 KK B-4
32 KM RUNOFF FROM SUBBASIN B-4
33 RA 0.675
34 LS 63
35 UD 0.94

36 KK P-I
37 KM COMBINE HYDROGRAPHS--SUBBASINS B-5, B-4
38 HC 2

39 KK PI>P2
40 KM ROUTE P-1 HYDROGRAPH TO P-2
41 RK 5000 0.01 0.05 TRAP 5 2

PAGE 1



HEC-1 INPUT PAGE 2

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

42 KK 8-3
43 KM RUNOFF FROM SUBBASIN 8-3
44 BA" 0.535
45 ['s 63
46 UD 1,51

47 KK B-14
48 KM RUNOFF FROM SUBBASIN B-14
49 BA 0.194
50 LS 63
51 UD 0.78

52 KK P-2
53 KR COMBINE HYDROGRAPHS--HYDROGRPAHS P-1, A-3, B-14
54 HC 3

55 KK P2>P3
56 KM ROUTE P-2 HYDROGRAPH TO P-3
57 RK 3300 0.005 0.05 TRAP 10 2

58 KK B-2
59 RKM RUNOFF FROM SUBBASIN B-2
60 BA 0.2625
61 LS 63
62 UD 0.88

63 KK B-13
.64 KM RUNOFF FROM SUBBASIN B-13
65 BA 0.154
66 LB 63
67 0D 1.21

68 KK P-3
69 KM COMBINE HYDROGRAPHS--P-3, B-2, B-13
70 HC 3

71 KK P3>P4
72 KR ROUTE P-3 HYDROGRAPH TO P-4
73 RK 4659 0.006 0.05 TRAP 10 2

74 KK S-7
75 KM RUNOFF--SUBBASIN B-7
76 BA 0.389
77 LS 63
78 0D 1.26



HEC-i INPUT PAGE 3

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

79 KK B-7>P4
80 KM ROUTE B-7 HYDROGRAPH TO 'P-4
81 RK 9200 0.006 0.05 TRAP 10 2

82. KK B-6
83 KM RUNOFF--SUBBASIN B-6
84 BA 0.435
85 LS 63
86 UD 3.05

87 KK B-i
88 KM RUNOFF--SUBBASIN B-i
89 BA 0.479
90 LS 63
91 UD 0.86

92 KK P-4
93 KM COMBINE HYDROGRAPHS--SUBBASINS P-3, B-7, B-6, B-i
94 HC 4

95 ZZ



0SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW

NO. (.) CONNECTOR 1<---) RETURN OF DIVERTED OR PUMPED FLOW

15 B-8

* B-5

31 B-4

36 P-i............
V
V

39 PI>P2

42 B-3

41 8-14

52 P-2 ........................
.V
V

55 P2>P3

58 B-2

63 B-13

68 P-3.........................
V
V

71 P3>P4

74 B-7
V
V

79 B-7>P4

*B-6

87 B-I

92 P-4. ....................................

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



* FLOOD HYDROGRAPH PACKAGE .(HEC-l) *
* 'JUN 1998 *

* VERSION 4.1 *

* RUN DATE 06AUGI0 TIME 16:42:45 *

* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *

* DAVIS, CALIFORNIA 95616
* (916) 756-1104 *

****************** **

14 10

IT

DEWEY-BURDOCK PROJECT DVI02\279.13
24-HR PEAK FLOWS FOR PASS CREEK TRIBUTARY WATERSHEDS (Burdock Area)
PRECIPITATION INPUT: 24-HOUR TYPE II DISTRIBUTION AT 30-MINUTE INTERVALS
24-HR 100-YR PRECIP VALUE = 3.83 inches
USES SCS UNIT HYDROGRAPH METHOD
tc = C1O0*L^A.8*[(lOO0/CN)-9]0.7)/1900*SA0.5
L=longest flow path; S=channel slope; CN=curve number
TLAG-0.6*tc
SUBBASINS B-1,B-2,B-3,B-4,B-5,B-6,B-7,B-8 SHOWN ON AUTOCAD FILE
DVl02\279.13\CAD\Design\JRD-EG.dwg

OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH TIME DATA
NMIN 15 MINUTES IN COMPUTATION INTERVAL

IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME

NQ 100 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0045 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .25 HOURS
TOTAL TIME BASE 24.75 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES

'TEMPERATURE DEGREES FAHRENHEIT

MULTI-PLAN OPTION
NPLAN I NUMBER OF PLANS

MULTI-RATIO OPTION
RATIOS OF PRECIPITATION

3.83

JR



PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

OPERATION

,GRAPH AT

HYDROGRAPH AT

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

HYDROGRAPH AT

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

HYDROGRAPH AT

, D TO

HYDROGRAPH AT

HYDROGRAPH AT

4 COMBINED AT

STATION AREA PLAN

B-8 .98

B-5 .55

B-4 .68

P-1 1.22

Pl>P2 1.22

B-3 .54

B-14 .19

P-2 1.95

P2>P3 1.95

B-2 .26

B-13 .15

P-3 2.37

P3>P4 2.37

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME•

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

RATIOS APPLIED TO PRECIPITATION
RATIO 1

3.83

181.
12.75

98.
12.75

104.
13.00

195.
12.75

194.
13.00

61.
13.75

33.
12.75

273.
13.00

268.
13.25

42.
13.00

20.
13.25

326.
13.25

324.
13.25

50.
13.25

49.
14.00

31.
15.50

77.
13.00

428.
13.25

B-7

B-7>P4

B-6

B-I

P-4

.39

.39

.44

.48

3.67



SUMMARY OF KINEMATIC WAVE - NUSKINGUN-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO

COMPUTATION INTERVAL
DT PEAK TIME TO VOLUME DT PEAK TIME TO

PEAK PEAK
ISTAQ ELEMENT VOLUME

(MIN) - (CFS) (MIN) (IN) (MIN) (CFS), FOR PLAN = I RATIO= 3.83
P1>P2 MANE A.33 194.95 775.13 .81 15.00 194.13

CONTINUITY SUMMARY (AC-FT) - INFLOW- .5327E+02 EXCESS- .0000E+00 OUTFLOW= .5287E+02 BASIN

FOR PLAN - I RATIO= 3.83
P2>P3 MANE 3.43 271.90 788.19 .80 15.00 268.48

CONTINUITY SUMMARY (AC-FT) - INFLOW- .8392E+02 EXCESS- .OOOOE00 OUTFLOW= .8324E*02 BASIN

FOR PLAN = I RATIO= 3.83
P3>P4 MANE 4.20 325.47 800.53 .79 15.00 323.70

CONTINUITY SUMMARY (AC-FT) - INFLOW- .1011E+03 EXCESS- .OOOOE+00 OUTFLOW= .1002E+03 BASIN

FOR PLAN = I RATIO- 3.83
B-7>P4 MANE 14.61 49.60 831.77 .78 15.00 48.77

CONTINUITY SUMMARY (AC-FT) - INFLOW- .1672E+02 EXCESS- .0000E+00 OUTFLOW- .1626E+02 BASIN

(MIN)

780.00

STORAGE-

795.00

STORAGE-

795.00

STORAGE=

840.00

STORAGE-

(IN)

.81

.4165E+00 PERCENT ERROR- .0

.80

.6310E+00 PERCENT ERROR=

.79

.9793E+00 PERCENT ERROR-

.1

.0

.77

.5538E+00 PERCENT ERROR= -. 6

*** NORMAL END OF NEC-i ***



POWERTECh (USA) INC.

Appendix B-2

HEC-1 Output for Dewey



FLOOD HYDROGRAPH PACKAGE (HEC-i)
JUN 1998

VERSION 4.1 *

RUN DATE 14SEP10 TIME 09:54:36 *

* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *

* 609 SECOND STREET *

* DAVIS, CALIFORNIA 95616 *

* (916) 756-1104 *

X X XXXXXXX
X X X
X X X
XXXXXXX XXXX
X X X
X X X
X X XNXXXNXX

XXXXX
N
N
X

xXNX

N
X XX

XXXXX X

X
XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-I KNOWN AS HECl (JAN 73), HECIGS, HECIDB, AND HEClKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -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 FORTRAN77 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



LINE

1
2
3
4
5
6

1
8
9

10

11
12
13
14

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

ID DEWEY-BURDOCK PROJECT DVI02\279.13
TD 24-HR PEAK FLOWS FOR BEAVER CREEK TRIBUTARY WATERSHEDS
ID PRECIPITATION INPUT: 24-HOUR TYPE II DISTRIBUTION AT 30-MINUTE INTERVALS
ID 24-HR 100-YR PRECIP VALUE = 3.83 inches
ID USES SCS UNIT HYDROGRAPH METHOD
ID tc = (100*L^0.8*[(1000/CN)-9]^0.7)/1900*S^0.5
ID L=longest flow path; S~watershed slope; CN=curve number
ID TLAG=0.6*tc
ID SUBBASINS B-9,B-10 SHOWN ON AUTOCAD FILE
ID DVI02\279.13\CAD\Design\JRD-EG-2.dwg
*DIAGRAM
JR PREC 3.83
IT 15 100

IN 30
IO 5

15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30

31
32
33

34

KK
KM
BA
PB
PC
PC
PC
PC
PC
LS
UD

KK
KM
BA
LS
UD

KK
KM
HC

Z Z

B-10
RUNOFF
0.6411

1
0

0.0632
0.1808
0.8538
0.9519

0.63

B-9
RUNOFF
0.6626

1.11

FROM SUBBASIN B-10

0.0053 0.0108
0.0712 0.0797
0.2042 0.2351
0.8676 0.8801
0.9588 0.9653

63

0.0164
0.0887
0.2833
0.8914
0.97,17

0.0223 0.0284 0.0347 0.0414 0.0483 0.0555
0.0984 0.1089 0.1203 0.1328 0.1467 0.1625
0.6632 0.7351 0.7724 0.7989 0.8197 0.838
0.9019 0.9115 0.9206 0.9291 0.9371 0.9446
0.9777 0.9836 0.9892 0.9947 1

FROM SUBBASIN B-9

63

P-I
COMBINE HYDROGRAPHS--SUBBASINS B-9, H-10

2



SCHEMATIC DIAGRAM OF STREAM NETWORK
'UT
NE (V) ROUTING (--->) DIVERSION OR PUMP FLOW

0. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW

15 B-10

B-9

031 P-1 ............

*) RUNOFF ALSO COMPUTED AT THIS LOCATION



FLOOD HYDROGRAPH PACKAGE (HEC-i) *

JUN 1998 *

VERSION 4.1 *

RUN DATE 14SEP10 TIME 09:54:36 *

* U.S. ARMY CORPS OF ENGINEERS *

HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *

* DAVIS, CALIFORNIA 95616 *

* (916) 756-1104 *

DEWEY-BURDOCK PROJECT DV102\279A13
24-HR PEAK FLOWS FOR BEAVER CREEK TRIBUTARY WATERSHEDS
PRECIPITATION INPUT: 24-HOUR TYPE II DISTRIBUTION AT 30-MINUTE INTERVALS

24-HR 100-YR PRECIP VALUE = 3.83 inches.
USES SCS UNIT HYDROGRAPH METHOD
tc = (100*L^0.8*[(1000/CN)-9]^0.7)/1900*S^0.5
L=longest flow path; S=watershed slope; CN=curve number
TLAG=0.6*tc
SUBBASINS B-9,B-10 SHOWN ON AUTOCAD FILE
DVI02\279.13\CAD\Design\JRD-EG-2.dwg

OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH TIME DATA
NMIN 15 MINUTES IN COMPUTATION INTERVAL

IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME

NQ 100 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0045 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .25 HOURS
TOTAL TIME BASE 24.75 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES

,TEMPERATURE DEGREES FAHRENHEIT

MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS

MULTI-RATIO OPTION
RATIOS OF PRECIPITATION

3.83



PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION
RATION STATION AREA PLAN RATIO 1

3.83

I P AT B-]0 .64 1 FLOW 122.
TIME 12.50

'ROGRAPH AT B-9 .66 1 FLOW 92.
TIME 13.25

COMBINED AT P-I 1.30 1 FLOW 196.
TIME 12.75

NORMAL END OF HEC-I '



POWERTECII (USA) INC.
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O POWERTECh (USA) INC.

Table 1
Beaver Creek HEC-RAS Standard Table 1 Output, 100yr

Beaver Creek HEC-RA5 Standa Table 1Ou 100 _

Reach River Sta Profile QTotaI Mi Ch E WS. Bev CritW.S. E.G. Eev EG. Slope Vel Chn Flow Area Top Wdt Froudef Chl
(cdi) W (f (It) (ft) (00f) (ft/s) (sq ft) 00

Upstream 58181 PF3 (100w)] 7990 3609.19 3624-16 361-132 3624.22 0.000341 2.8 5642-96 1434.24 0.16"
Upstream 57088 PF3 (IODyr) 7990 3608.37 3623.31 3620.21 36235S3 0.001285 4.6 2619.00 182L76 0.29

Upstream S6177 PF3 (100w) 7990 360723 3621-72 3615.86 3622-21 0.001825 5.85 175152 9092 0.35
Upstream 55949.' FF3 (lODyT) 7990 3607.07 3621.34 361S.13 3621.80 0.001733 5.43 1471-94 4989 0.34
Upstream 55721.' PF3 (10 1 7990 360690 3621.06 3614.68 3621.42 0.001371 4.83 1683.26 402-6 0.30

Upstream 55493 FF3 100w) 7990 360674 3620.82 3614.26 3621.11 0.001181 4-37 1924.07 340. 0.28
Upstream 55212.9' FF3,1100w) 7990 360.6 3620.44 3614.21 3620.76 0.001309 4.60 1819.80 340. 0.29
Upstream 54932,8' FF3:(100w) 7990 360637 3620.00 3614.17 3620.37 0.001483 4.87 1721.02 352 0.31
Upstream S4652.7' FF3 7990 3606.19 3619.50 3614.15 3619.92 0.001727 5.20 163757 401.0 0
Upstream 54372.6' FIF3 (1Oyr) 7990 360.01 3618.92 3614.14 3619.39 O.002059 5.57 1609.49 520.7 0.36

Upstream 54092-51 FF 7990 360582 3618.25 3814-14 3618.77 0.002454 5-93 1544.10 51 0.40
Upstream 53812.40 FF3 (100w) 799D 360.64 3617.49 3614.17 3618.04 0.002958 6.32 1707.26 762. 0.43

Upstream S3S32.3 FF31 799D 365.45 3616.60 3614.24 3617.19 0.003651 6.72 1839.80 1075-7 0.7
Upstream 532.- FF3 ( 7990 3W657 3615.64 3615.23 3616-20 O.004368 6-94 2150.2 1 . 0.51
Upstream 529721 FF3 (1 7990 3605.09 3614.44 3614.40 3615.00 O.006149 7.50 2245.08 1874.4 0.59

Upstream 52892.0' FF3 (100w) 7990 360490 3614.28 3614-35 0.001341 3.57 4853.48 2428 0.28
Upstream S2412 FF3 ( 7990 364.72 361423 3612.141 3614.24 0.000296 173 8315.50 2628.0 0.13
Upstream 51024 FF3 (1W) 7990 38031. 3614.02 361.2.62 3614.03 0.000246 1.70 9151.83 303.73 0.12
Upstream 48653 FF3 (00 7990 361691 361321 3681.73 3613-33 0.001270 3.95 3826.74 1422.9 0.2
Upstre FF3 (1 7990 3599.90 3612.03 3605M97 3612.12 O.000423 2.76 5372.21 2157.0 0.17

Upstream 5774. F3 7990 3599.08 3611.18 3605.4 3611.5LW 0.001125 453 1808.53 2757 0.28
Upstream 54.* FF3 (1 7990 3598.26 3609-92 3605.05 3610-31 0.001493 5.12 1756-35 302.4 032
Upstream 3934.' PF3( 7990 3S97.44 360865 3604.87 3608.96 0.001420 5.03 208232 693. 0.31

Upstream 43014 FF3 (1 7990 3596.62 3607.92 3602.55 3608.04 0.000688 3.64 3170.13 1531. 0-22
Upstream 2315.2' FF3 (100w) 7990 3596.19 3607-30 3602.88 3607.49 0.001120 4.47 291826 167 0.27
Upstream 1618.5 F3 7990 359.75 3606.37 3603.26 3606.63 0.0016"2 5.06 260583 17931 0.33
Upstream 17.? FF3 (1 799 359531 360621 3603.52 360623 0.000264 2.02 7055.67 1699.8 0.13

Upstream 219 FF3 (1WW 7990 3594.88 3606.11 3602.77 3606A2 0.000128 1.40 8681.09 15672 0.09
Upstream 38921.r FF3 (lODyr 7990 3593.67 3605.94 3606.M0 0.000321 2.671 5427.64 1418. 0.17
Upstream 37623.4' F3 (I 7990 3594 3605.22 3605.50 0.000913 4.59 2637.77 969.9 0.28

Upstream 38325.6' FF3 (100w) 7990 359.24 3603.90 3598.52 3604K28 0.001105 4.96 175328 3797 0.31
Upstream 35027.8 FF3 (lO~yr) 7990 359D0.3 3602.61 3596.81 3602.94 0.000964 4.64 1755.75 . 0.29
Upstream 3730 FF3 (100w) 7990 3588.B2 3601.57 3595.16 3601.84 0.000735 4.16 1962.41 2211.1 0.25
Upstream 32982.6' FF3 (lOg) 7990 35832 3601.00 3594.82 360128 0.000760 4.22 1964.19 2196. 026
Upstream 32235.6' FF3 (101)) 7990 3587A.2 3600.54 3594.48 3600.75 0.000639 3.89 2786.74 1738. 0.24
Upstream 314B85* FF3 1 7990 3587.33 3600.03 3594.08 360027 O.000694 4.06 2496.42 1279.6 0.25
Upstream 30741.3' FF3(10 1) 7990 3586.83 3599.54 3593.77 3599.77 0.0OD682 4.03 239127 553.7 0.24

Upstream 299941' FF3 100w) 7990 358633 3599.0B 3593.41 359929 0.000631 3.930 2500.00 4852 0.23
Upstream 29247 FF3(1 7990 3585.83 3598.68 3593.0• 359.87 0.000571 3.74 262321 467 0.22
Upstream 25145 FF3 (1 7990 3582.34 3593.60 3590.39 3594-36 0.002872 6.99 1159.11 967 0.48

Upstream 244623' FF3 100w 7990 358137 3591.80 3588.67 3592.45 0.002641 6.47 1248.16 704.3 0.46
Upstream 237796* FF3 (100w) 7990 3580.39 3590-33 3586.91 3590.83 0.002041 5.70 1424_54 429.1 0.40

Upsts to 23097 7990 3579.42 3589.41 3585.08 3589.73 0.001193 4.60 1793.94 322.6 031
Upstream 17942 FF3 (100A 7990 3574.41 3584.98 3585.15 0.000689 3.37 2464.41 424.8 0.23
Upstem 17058.' FF3,(1w) 79901 37303 3584-33 3584-52 0.000735 35$7 246329 490. 0.24

Upstream 36174.* 7990 357L65 3583.60 3578-51 3583.82 0.000848 3.92 2384.29 705 0.26
Upstream 15250.' FF3 (100w) 7990 357026 3582.44 3577-32 3582.85 0.001445 5.11 1562.98 562.2 0.

Upstream 14406 F30 7990 35688 3580.49 357625 3581.23 0.002292 6.89 116021 409.7 0.44
Upstream 13867.5' FF3(100w) 7990 3568.38 357936 3575.491 3579.96 0.002268 6.20 128954 452.6 0.42
Upstream 13329.' FF3 (100w) 7990 3567A39 3578J.0 3574.95 3578.61 0.A02696 5.85 1374.94 620. 0.45
Uostream 12790.5' FF3 (100w) 7990 3567.40 3576.85 3574-59 357720 0.002453 5.00 191029 703.8 0.42
Upstream 12252 'FF3 (10 1 7990 3566.90 3575.97 3573.89 3576.18 0.001551 4.00 2450.16 767. 0.33
Upstream 11584.2' FF3,(1 7990 356S-96 3574.94 3575.18 0.002151 4.41 2341.23 8137 0.38

Upstream 1016.5' FF3,(100w 7990 355.02 3573.72 3573'7 0.002936 4.83 2264.23 83933 0.44
Upstream 1048.7' FF3,(100w) 7990 354.09 3572.53 357193 3572.76 0.002948 493 2395.79 900.7 0.44

Upstream 9581 FF3 (10Wd 7990 3563.15 3571.93 3571.93 3572.03 0.001563 3.72 3617.23 1460.4 0.3
Upstream 94 FF3 (100w) 7990 3557.81 356933 3569.41 0.000261 2.52 4673.86 9902 0.15
Upstrem 2411 FF3 (100w) 7990 355&07 3568.73 3568.80 0.000298 2.78 4229.81 682.1 0.16

Upstream 0 FF3 (100w) 7990 3554.27 3568.03 3563.05 3568.13 0.000421 3.11 3845.10 775.69 0.19



O PoWERTEch (USA) INc.

Table 2
Beaver Creek HEC-RAS Standard Table 1 Output, 1000yr

Beaver Creek HEC-RAS Standanr Table 10 ut w

Reiih -RiverSia Pr~iie -0TotI ih ';.Ee CitW E.G.- 'Eev E.G. Sdope Vel ,Clni Ftow Area~ Top3Afdrth Preide #Cthl

Ustream. 58191K2 PFI1 1,0O 23000 36M.19 3627.32 3622.6 3627.43 O.00051 4.13 10487-95 1663.40 -0.20
U p~tti~ig 57098½ PFI1(1600-j) 23000 3608-37 3626.75 3M2.08 3626.83 0100028 3.78 12957.0 2956.44 020
Uj~i~ii 561772 PF111 1 i, 23000 36D723 3626-23 3623.6 3625-36 0.00076 4.0 11910.89 3403.15 0-23

Uii 541 P1I00) 23000 30D7.07 3626.02 3621.1 362621. 0000852 4.6 10669.89 3332.54 0.25Uliiliooo5949ý 
o~,1000UPsr~ W521-*J P~f-11o00Q 23000I ý36S 3653 601 352.0 00761 4.681 1003610 2171.901 0.24

U 'i#ý i 59493> PF1V 1 23000 30D634 3624.99 3619.5 3625.76 0.00IS18 7.39 3816.11 2755.24 0-38
Upsu~aiýii 5521:29- lPl,1T100_0V-y 2300 360656 3624.34 43619- 362520 0.002211 7.8 3752.35 2249.11 0.41
Upstrearn 54932.8V PF%1 W)ý 23000 3W60637 3623.63 3619-8 3524.56 0.00250 830 3785.8 1791.15 044
Upstireamn 54652,7'7.Flj1lOO 1 r),- 300 366.19 3622.70 16.22 3623. 0.3236 9.03 3798.23 163.44 0.49
Upstieam 5472.6- PF1 (1000'-r'y 23000 3606.01 352L.77 3620.15 3622-90 0.00378 9.43 4010.85 1592.26 0.52

Uk!streii s4092.5- PF3. 1w k 23000 360582 3620.631 3620125 3623131 0.0048 10-08 41305 1566.68 0.58
Upirm5B .2.l4 r 1 610V0-r ). 30D 3605.64 3619.53 3619.53 352059 O00036 10.09 4461.61 182133 0.61

Uj 6t'SV53532-3- PFj106* 1 23000 360545 3611.53 3611-33 3619.28 0.004,96 9.24 513188 1977-93 0.58
Ujtai K, 53252.ý2- PF1f1i000jVr ' 23000 3605fi27 361&.26 361".9 361852 0.002t15 6.15 7508.71 2167.69 0.3
Uostiam'ý 52972.1* PF I00~ 23000 '36M5.09 3611.15 3615.4 3518-24 0.000M 4.00 10634.43 2360.15 0.24
U6 'ii] 5269210* PF1f 1 `4 23000 ý3604.90 3611.09 3618.14 0.00038 2-71 14366.35 25540)4 -0161
Ulf eam 5241.2 I P F1f1000QW 23000 3004.72 3618.07 3612.71 3618.10 0.000183 1.92 18640.501 2746.01 0-11
Upstre'iW Si024, 2 lF1ý 10*t 23000 3G0351l 361796 3512293 361798 0.001 1.72 21M2.671 3079-31 0-10

UVtem 63 .~iF~00r 23000 3601.69 3617.55 3613-18 3617.65 0.000551 3.7 10329.75 1M3-36 020
Vptr ý'- ~~j00~ 230M 3599.90 3617.17 3610-33 36.17.20 0.000147 2-24 18647.00 2708.44 0-11

Ulii~iii' 5774-' PFfl100*z, 23000 3599.08 3616.52 36.10.07 361690 0.0003 S.75 '7665.49 2276.0 0.27
Uoi~jrin 454~o.* PF1 (P000W-)j 23000 3598.26 3614.72 3609.98 3615.62 0.002076 8.22 -3580.35 905.85i 0.40
Ujs'r~n 43934.*> PFV(1000,Ij '- 23000 3597.44 3612.66 3603.53 361L351 0110297 8.70 4009.11 1582.34 0-44
Upstream 4301:4 PF1 (1000ýij 23000 3596.52 3610.97 3606.61 3611.40 0.001906 7.11 5389.39 279950O 0.38
Upstream 42315.2* PFI10(lOCji) 23000 3996.19 3610.68 3605.99 361036 0.0005 3.63 1312883 2712.72 0-19
Ustltarej. 41616-S54 PF1 110~i Z0 3595.75 3610.43 3606.L4 3610.49 0.WW 3.19 1384.68 2541.19 0-17
Upstreamn 4*17.7 PH1'C100Djr) 123000 359531 3610.26 3604-32 3610-31 0.000124 2-47 14561.2 2294.16 0.13
Upstirearn PF1 (10000 2300 3594.8 3610.15 3602.86 3610.19 0=00174 2.0 15713.50 2068.40 0-11
U&s Iam 38921.2' PFi(1000yjiT 23000 3993-67 3609.98 3610A6 0.0002 3.2 11243.30 1463370 0.171
Upstream,~' 37623:4*. PFfl 100_0V-) 23000 3592.46 3609.51 3609.74 DA0WNS S.09 7803.67 134123 026
U ostreamn 36325.6' ,PF1 (1 23000 3591.24 36M8.09 3603.21 3606.79 0.01456 7.49 4709-31 2312.35 0.38
Upstearn' 35027.8!. PFr(1000K)r) 23000 3590.03 3604.08 3601.6 360597 0.004582 11-26 2172.6 1727.02 0.64
U stuiimr 33730 -. PF1 tO*- 1 23000 3588.82 3604.72 3599.99 3604.77 0.0002 2.68 15356.41 2543A19 014
Upstea 3B2-982 PF1 (j000W)1 23000 353832 3604.59 35995S 3604.6 0.00049 3.06 13912.51 2447.32 0.16
Upstea 32235V6 PFliOOt! r)- 23000 3587.82 3604.41 3600.42 3604.50 M0000816 3.52 12434.66 2347.6S 0-18

U 1i~i 1488.5'. PF1 1iG* 23000 3587331 3604.15 3599.03 360430 0.000415 4.08 10878.60 2241.26 0201
Upst0 a 7y3 !110)- 23000 3586.83 3603.78 3598.60 3604.00 .00074 4.8 91N66.0 2111.46 0.24
uj streaei v 2994 P 1' 1 23000 3586-33 3603.14 3597.9 3503.54 0.M000 6.0 7105.28 1941.45 0-30
Uo'iufi~ 29247> PFI!(1000W ) 23000 358S.83 360m2.8 35973 3502.81 0.001312 7.11 4757.57 1283.07 0.36

0.1

Upsavan6 25145S P~ PFI(1000ji) 23000 3582-34 3596.21 3594.13 3596.63 0.0191B 5.90 562.20 125516 0.41
Upsiisan 24462.3- PFI1001 . 23000 3531-37 3595.35 3593 3595.834 0.00175 6.93 5545.70 12807 0.40
UpkiiimI~ 23779:6* 1 F1. (1000y4' 230001 358039 3594.56 3592.0 359!5.06 0.0014 6.67 5604.201 1319.61 0-37
Ujý~a~f 23097» Pjj F i10W 23000 3579.42 3593.97 3589.J0 3594-39 0.003021 5.9 6357.9 1683.33 0-31
Upsrem 179i42 P> PFr(1000ýT) 23000 3574.41 3589.32 358938 0.000959 5.55 4431.01 477.96 030
Upsti~a6% WOW*8 PF1 (1066gi) 23000 3573.03 3588.46 358891. 0.00103 5.72 46999.98 587.41 - 0-31
Uj stemU1174..* P F I [10y 23000 3571.65 3587.51 3583.16 358797 0.00114 6.01 4906.32 712.10 -0.-033'
Uli fS 1790 * P F i!(10Oij> 23000 3570.26 3586.36 3592-.3 3586.87 0-0.001424. 6.56 4934.33 -852.46 0-36
Ue~ii~ f4-4os , F1~ 1~ 23000 3568.8 3583.99 358213 3584S99 0.003535 928 3769.8 1138.14 - 055
Upsrei 13867.5* PF1:(100-0-i)"' 23000 356838 3582.43 3580.6 3583.34 0.00332 8.65 3807.731. 924-96 0.53
Upstea 13329.' PF1 (1000-') 23000 3567.89 3580.98 3579-39 3581.77 0.00306 8.00 3963.08 -931.79 0-51

U 'irni 127R0.5' P RF I (10 2300 3567.40 3579.73 3577.73 3580.37 - .002608 7.11 4293.35 93791 0.47
Upstxrea 122S22 PFF1 1000yTj 23000 3566.98 3578.79 3576.7 3579.25 0.001929 6.16 4885.881 1082.73 . 0.4
Upstieafiii 1ISF4 2'Z PF1 (1000Mr)1 23000 3565.96 3577.71 3578.11 - 0.0023391 6.419 4906.56 - 1060.10 0.44
Ujjr~earii. 10916-5-~ PF I(1000yr 1 23000 3565.0 3576.73 3577.11 0041 6. 5498.55 L349.77 0.44
Upfstream 10248V7~. PF1(1000g 1 230001 3564.09 3576.22 3572.92 3576-41 0.00374 4.83 7376.0 1653.6 0-33
Up£teamii 958t,-2 PF t100W 1 230001 3563.15, 3576.07 3571.92 3576.15 0.0006 3.21 10784.32 2030.03 021
lUpsti~iearn'94' PF1 (1000*), 230001 3557.811 3575.131 3575.22 0.0019fi 3.0 11024.3 1155.24 01-4
jU stream 2411 i .PF1' 110T7A 23000 3556.071 3S74.581 3574.69 0.00033 3.8 12403.26 2377.84 018
jUpstream 0 PF1 (1000yr)-1 230001 3554.27 3573.85I 35G6.6. 3574.00 0.00021 4-31 9940.67 177218 021
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Table 3
Pass Creek HEC-RAS Standard Table 1 Output, 100yr

- - --Stan-ardTable ut -
Reeh. * River S Profile, QTotal MiCNGE WSI Elev CrtS., E.G. v E.G.Slope VelCli FlawArea Froudel#.0

-_(ds) (ft 00 '(t) 00 (ft/ft) (Ills) (sq ft) (h)
2o jih 5614 3601 369 .89 3697.97 37023, o.o0084S il 681.47. 3. O.67

rtachi 2 0700 lOyr Jiigh , 5616 3689.26 3698.8 3695.64 369894 0.004253 6.53 87.99 -381.5 OA6
reahi 26858 lOOyr.hlgh 5616 369.64 3697.99 3694.70 369841 0.002528 5.33 1160.96 482.73 036

reachl 26391 l0vr ,high 5616 3689.13 3697.01 3694.04 3497.31 0.0021,76 4.60 141.50 459-3 0.33
remil.ý-= . 263 100yr-_igth4gh- ý=-5616 .-...36878 -369545 '-369115 -3695.99 A0.09651 --- 7;39 -- 9 487.1. 65

adilh 2.5600,' 10:0yr.high' 616 389.92 3693.6 3692.04 36977 A0002693 3.32 1OA8 12.57 0:33i
reOh_ 25338 200ý.hgh" 5616 368865 3691.66 3691.66 3692.36 0.027766 8.36 976.33 7834 0.99

each 25091 0W hlghF 5616 367843 3685.34 3685.17 3687.17 0.020425 10.87 516.84 125.1 0.94
rlachi 24903- l-0yrhIgh 5616 3679.4 3486.2 3686;2 0.000987 2.97 210 730. 0.22

readul 24761 lOyVr high S616 3679.86 3685.97. 3686.07 A000863 2.54 2451.5 650.9 020
reachl 24401 100jrýhigh 5616 367997 3685.62 3685.72 0.001237 2.74 236.62 707.99 023
eachl 24035 10Oyr.._hl h .5616 367&.07 364.6 3684.91 0-004323 540 1735.72 1010.59 0.44
reachi 23738 10yOrfhtgt- 5616 3675.90 368L1. 3681.81 3682.70 0109712 8.53 942.4 . 665.93 0.88
eachiO 23374 OF,0rhh 5616 366.81 3675.89 3674.79 3676.88 •0010834 7.98 704.17 169.04 0.69

reachl 23143- 100,r.-.lh 5616 3668.71 3675.48 37S.64 0.002551 4.60 2102.62 724.25 0.35

reach 2270 1yr_-high 5616 366866 3675.40 3675.44 0=000593 2.24 393.62 1 089. 0.17
reach, 22693 1•, NO h 5616 3669.07 3675.29 365.35 0.001033 2.17 3218.7 -99125 022
rchi 2M 105h- 616 3669.74 36704.84 .374.9 A001976 1A2 236142 15226 030

rlachh 21755 10 tflh 5616 3667.69 367390 3474.22 0.004048 5.18 12350 896.89 0.43

reach .lo 21458 1 h 5616 366634 3672 ' 367163 3M76 0o071 7.02 1317.71 826.53 0.59
reahi 20876' .16 ghi h 5616 36637 3466689 366757. 0.013011 6.70 81773 37t43 0.71

i0i 2086 106 5h- 16 3659.5 3466.34 3466.47 0.001093 3.09 2215.28 52125- 0.23
readhl 20239 1 Whl 5616 r365890 3665.74 366.06 0.003300 5.29 144232 414.53 0M40
reachi 20077 1 hyr_ l, 5616 365859 3465.4 3662.89 36653 0.002161 4.49 193757 45093 0.33
reaihi 19r17 i(,hb gh -5616 3657.76 3664.79 3 . 0.004412 5.74 1423.79O .524.43 0AS

276, lO r 5616 3656.93 3664.0 36 1 3464.41 0.003375 4.94 1957.2. 790.02 0.39

readu 2824 lO1pwhlgh 5616 3655.14 :3663.34 3663.59 0L003325 5.23 1824.13. 739.5, 0.40
achi. 28934 100rhtgh 5616 354.90 3660-5 3660.55 366L.8 0.017118 9.39 736.50 0;36&7 M85

hl 28423, jlO0yr.W 5616 3649•.9 ,1 3656.84 36.. .3 0.003844 5 0.42

10orhW,, 5%16 036407.9 365:5 769 0 47 .7 19.07.. 7 -34
reahf, 17640 lOvjigtjh- 5616 -364&82 3655.13 -3653.13 365 4 0.0089 4.51 2128.2 8 52 0.32

mdl 1723 10yr high 52 0.001770 429 2316.34 809.631 0.30
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Table,3 (continued)
Pass Creek HEC-RAS Standard Table 1 Output, 100yr

Reacih Wr a Piifile CtTtal. M~OChT•E WS.Elev CrKtW& EG. 6w EG.:-gSoEj VeIChnP Area TopW ith Froude a Chi
____ A I 10J (it) (ft M•L itfts) Jsj ft) _

reachl 16897 100yr-high 5616 3643.55 365259 365259 36536 0.010095 8.68 979.03 5138 0.68
ma~chl 16379, 1W0hif 5616 3641.00 3646.97 3647.84 0.007786 07.4 769A0 -178.55 .60
riach 12127 100r.hgh _ 5616 3638.77 3646.9 3642.69 3647.0 '0.001095 3.48 197383 4652 024

1 15802- 100yrJýlgh 5616 3639.10 .364614 3643-94 3646.3 0.003510 5.56 128.1 318.38 0.41
reahi£ 15348, lOur high -5616 363111 3644.71 - • 3650 0.004572 ""5.27 -1528;23 666,70.45
i~kh1 14698 100*'high - 5616 3636.33 3643.81 34 0.001383 3.27 306.82 1178.96 0.26
rakh1 14392' 100yr filgt 5616 3635.66 364350 3643.58 0.001341 3.23 3141.97 123386 0.25
r5£h 13935' Mirhifgh 53641.65 3625 30.011634 -7-95 1080.80 1385.19 0.71
reachi 13364• lO0yr-Hg 5616 .036304 3637.01 3637.63 007743 6.4 916.10 277.60 0.58
teah5£ 12851 - 0iigh 5616 3628,45 3636.32 3632Z32 -363647 '0.001005 __ 3.22 202333 0.23
meachI 1195' Gvr.N~ghý S 616 3628.50 3633.49 3634.35 0.01935 8.08 95.961 .396.92 0.80
ieahi - 11238',, 200ýTohgh _ 5616 3624.20 3629.31 .3629.58 _0.004033 4.73 14.03 5 7 0.42
r5c _ 10152, IOyrhgh' 5616 3618.54 3628.07 3623.04 362821 0.00709 3.14 2 .91 37.42 0.20
riahI 9760 100y* high 5616 3619.92 3627.45 362416 32 6. 0.002155 4.7 124.5 '258.50, 0.33

9463 5616 3617.34 3624.54, 3624.54 362623 0.016201 11.10, 62325 '99.19 0.87

machi__ 9032, 100krhl 5616 3613.98 '3621. 2 3621.08 362177 0.007288 7.35 1243.60 656.80 0a8

reachi. 871 ___ y high. 5£616 3611-82 3616.90 '3616.66 36183' -.01282 9.39 655.62 6768 0.87
meachi 7942 lO6yNgh :5616 3608.25 3615.59 3612.48 3615.74 •0.00194 3.63 204.29 422-43 0.26
4"1i 7341. 10*.hi- 5616 3W6.29 3612-68 3612.68 3614.02 0014546 '10.08 744.09 30.25 0.82
reach1 6898 5616 £ 360.3 361237 3611.27 361241 0.000446 1.92 3745.86 8077 0.1s

machi 6537 100w high 5616 3602.32 3609.87 3609.87 361173 0.015604 1112 574.06 310.46 0.86
machi 5995 100w hgh 5616 359649 3605.38 360028 3605.41._0000219 1.73 4435.16 79080' 0.11
4ý5, 517. 1 516 3597.05 364- 3.95 '0.003716 5.32 1 .04 4 49 0.42
'ia 4685 ___ 1 high 5616 '3594.50 3602.43 '3603.09 0.004678 6.52 881.94 0.48

achi 4202 5616 3592-53 '360L43 360172 0.001724 438 1436.92 3291 0.30
machi 331Z 100vr__Mgh 5616 3588.06 3600.63 3593.80 360 .79 0.0006 3.25 183.89 ..453.73 0.19
ma5hi 3145 l0yrNgh 5616 3587.25 3600.69 36072 :0.000111 1.63 4821.98.__693.49 0.08
reachi 3106 100yr-h~gh 5616 -3587.07 360.68 359125 360071 0.000093 L53 508.1 667.28 0.08
machi 3089 __lyr high 5616 '3586.99 3599.13 3594.56 360056 0.003793 9.62 584.04 584.7 ' 0.49

rechl .3079 _ Bridge
rechi 304 100Wjfth 5616 358674 3596.15 3596.15 39993 0.09062 15.60 360.06 49&28 1.01
machi' 2979 IOD100-hfth 5616 '358632 3596.33 -3591.97 3596. '0.001279 4.10 1553.31 42841 0.26
reachi 2949 1yrjhgh 5616 358614 359&02 3592.39 3596.5'* 0.002578 557 1013.46 2.290.37
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Table 3 (continued)
Pass Creek HEC-RAS Standard Table 1 Output, 100yr

Reach RverStiZ Pfie QToti WMnChEI W&Eteii, CrItS. EG.EIv EG.-Side VeIChA FlowAia ToeWidth Frrundelchi

____ m_ IftL IM) M) 00 t}fL . .00J (1L ft) sft)

reachl 2924. ___ BrIdge ___ __ ___ ____

rikhl 288 lOOvigh 5616 3585.95 354.98 3595.97 0.07062 7.98 703.32 1ZtL47 0.58
rlchi ,827 oOv'j.ih& 5616 35.51 3594.80 3592.23 3595.55 '.005033 6.94 815.05 143.47 0.50
reach 2447 M0ir high 5616 3583.25 358146 3590.30 3592.88 0.010247 9.70 622-57 146.9 0.71
reach- 2035 100r -high 5616 358L-22 .358778 3588.2 -0.09328 8.0 -696.70 -160.5 0.66

h 3 lO0yihgh 5616 3580.08 358815 3588.20 0.000371 2.21 3241.10 559.9 0.14
readil 12 lO0rir_gh 5616 3579.14 .358&03 3588.07 0.00434 2.39 3657.56 712M9 0.15
reach! 112 100yrhigh 5616 357.89 35.00 35M8.03 0.000308 2-03 .4227.04 757.03 0.1O
reachi 754 l , high 5616 351710 3587.92 3587. 0.00006 2.M 3963.02: 708.6 0.13
IreaL. 557 100v* high1 5616 3577.75 3587.6 3587.91 0.000386 2.5 37477.6 -708,291 0.15
machi 201 100•rhigh 5616 3576.9 3587.76 3582.91 3587.82 0.000340 2.41 3771.72 736.641 014
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Table 4
Pass Creek HEC-RAS Standard Table 1 Output, 50% ESTPMF

-Beaver Greek HECS Stanr1ard Table 1 Out 5 0M ESTPMF
Reach R Sta Promfie, :QTaW. MhiCh E1'W.S. ev MtW-& E.G 6ev EG:Vope. VM Chni FkwArve Top Width Fraude' #Chl

(di) `ft) ZJ' ...Jt L :& .!~ .A fL (fL ts _ _t) Ri
riadil 27180, ESTPMF hig 32872 3M9.11 . 3705.16 37010.0 3705.45 0.00269 7.54 10264k23 2324-32 4037
readdl 27000 ESTPMPh~ 32872 3689.26 3704.94 F3702.62 370&.15 0.001231 5.71 11937.92 2330.79 A028

reahl 26Bý M0.7h-1h ý70M.L6.
rdi 285 PM igh -32972 .3689.64 3704.80 3701L79' 370499 0.001003 5.34 1284&.09 2442.74 02

readil 2639 ESTPFhf 32872 3689,13 37M0 3700.0 370373 0.011012 14.1 2948.92 1668.29 0.1
reach - 26063. ESWfrthigh -32872 =.3689.7B -3699.9 - 36.91 - -370096 0.006973 10.55 'S146.33 -1610-54 -0.63
readhl 25600 ESTPMF high 32872 3689.92 35970 36520 3697.6 0.006170 ,U1 5020L02 402. 0F5
readh1 25338 ESMMF hi~ - 32872 3688.6 3695.78 3694.61 3696.9 0.008612 8.ý84 5799.112 2029.25 0.165
readil- 25091 ESTWM~h~ 32872 3678.43 369.17 3693.17 3694.87 0.007642 12.67 '4866U7 1895.63 0.68
reachl 24903 EIMP ih- 32872 367945 3690.66 369122 0.003269 901 7367.12 1714.54 0.44

ich 1 24761, ESThMFPW I .32972 _3679,86 369.29 3690.80 0.00247 6.46 -7384- 1713.39 0.38
riadh1 24401 ESTMM -high 32872 '3679.97 3689.18 3689.84 0.0406 7.45 6370.91 1753.66 -0.4
readil 24035 E5I'PMWjhgh' 32872 3678.07 3687.02 3687.80 0.009917 10.801 6909.8 3065.11 0.72
reachli 23738- ESTPMF ih -32872 3675-90 3584.76 368S.31, 0.009420 9.32 70M56 2821.04 0.68
foadil 23374 ESTPMF : 32872 3668.1 36817-11 3681.71 3682.70 .0.006455 10.36 6722.55 2670:64 A0.
reachl. 23143 ESTPMP hkW 32872 3668.71 3679.82 3680.21, 0.004366 8392 -8794.66 2625.92 0-w
readil 22910 SthMW hk 32872 -3568M6 367.61 3671L76 0.001587 52 10413 268.3703

reachi 122693 MSpMFhjigh, 32872 :3669.071-. 3679-37___ 3679.56 0.002137 5.9 10735.38 'z49.70 '0.35
readul 22220 ESTWM hgh 32872 3669.74 3679- 3678.32 0.003464 6.92 813& 1888.95 0.A3
reachi1 21755 ESTPM~fihg1 ; 32872 ý3667.69 3677.37 3677.85 0.005552 8.86 7135.49 -1835.13 0.5
readul 21458, ESTPMV ' 32872 3666.34 3675.14 367&.17 0.011334 -1L.97 530019 1654.13 .0.78
mbachl 20876' ESWPMF high 32872 :3663127 3673.03 3673.65 0.003626 7.69 7148.4 .1925.58 0.45
reachi - 20485 ESIPF -ýhfh 32872 3659.85 3672.37 3672.81 0.001961 6.73 9027.721 2174.25 0.3
reachi, 2023 ETMMF bh ,32872 3658:90 3671.17 3672L14 0.605552 1 10.95 5940.45 187.32 0.5S8
machi, 20077 ESTPMF hWg 32872 3658.5 3670126 3667.41 3671.38 0.006910 1M.95 -4q8818 1611.4 -0.6
readul. 19817, BiMP hkh 32872 3657.75 3669.7 3670.31- 0.004507 921 '6513.25 138393 A051
reahiL 1M576. ESTPF hifghý '32872 . 365&.93,- 36M9.11 3666.0 3668.52 0.004300 &988 6922.63 1528.03 _____

miahil 19246, EPMPW 32872 3655.4 3668. 3668.67 .0.004648 -. 5 7081.01 1825.10 0.52
readikl. 18934, BliPMP higjh- 32872 3654.90 3566.,18 3667.36 0.007928, IL.176 '5343A43 -14"7.02 A068
readil 18423 ESTPMP -h i 32872. 3649.59 3662.23 3662.23 3664.06 0.007330 1212 439716 .1354.60 -0.6
reachi, 17966,, I ETMF- fhig 32872 13647.91 3560.82 366L.15 0.002313 .7.28 '9500.95 243L.79 0.38
m~achu 17660 BliMPW h , '32872 3645.2 3659.9 3657.30. 3660.37 0.1002790 7.81 '8466L21 2070.94. 0L41
reachl 17U232 MVliM h 32872 3645.08 3658 3659-30 0.003263 .8.26 .7870.75 1658.34 0.44
rachi 16897 ESTPMPý,hWl :32872 .3643.55 3657.59. 3658.33 .0.00571 10.35 6234.9 i.50157i -o.0.9
miacim 116379 ESTPMFIik& -3287 341.0 36541 3654121 3656&U 0.0061744 12.81 443.5 ---11-06
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Table 4 (continued)
Pass Creek HEC-RAS Standard Table 1 Output, 50% ESTPMF

Reai& .R~iv~rl P~fifit QTotiW MlA hfd W.S. Eiv CttiWMS G. Ev 6.6-Se MghrI Adw- F Ari a. IcWidth Frobide@ Cli
__---Afs .ft)' 00t) 'ft), , At) (h . (f4/4)- {sqtft) (fr

reachi 161-27" MSTPM hv '32872 3638L77 3653.1 364"8.6 3654-32 0.0101579 6.8 140-9 1313.62 0L32
m~ach 15902 65TMW-h1g 32872 3639.10. 3650. , 3649.75 3653.22 0.01451.3 15.22 3561.55 1036.36 0to92
Fiaihi 15348. ESTPMF6 hkh 32872 363811 3648.60 3649.46 0.000749- 196 5S40958 .1264.00 '0.61
mchi" 14698 ESPMffh, '32872 3636.33- 3647.16 -3647.56 0.003473- .7.26 719U9 1311.90 0.A4
readil 14392, * SIPMF iitW 32872 3635.66 3646.12 36W661 0.005382 8.52 -6746.73 1709A47 5
ieacil- 1393S--- "MM.-high, -632872 =1363437 3645.1 3643A4 -36449 0.04114 - 712 8172-9S -- 2015.3 - 0A
madil 13364 E STPM hih 132872 3632M04- 3643.91 3644A44 0M002993 - 7.27 782L 132546 0.41
ii"du 12151 USTMF-i - . 32872 .3628.45 364216 3637.75 3643.52- 0.00212N 7.48 6293S7 1822.7 0.37
readul 119615ý WSPMFhII1 32872 3628.50 3637.79 3637.79 3640.17 0.016970 14.79 3126.57 711.24 09
machti 11239 M NIMF-ji ib 32872 3624.20 3636219:_ 3636.S9 0.001602 596G -ý8729.32 130713 031

no 0W- ESW _MF,,.Sh 0 A2

h 1MFhigh 32872 361854 3635.3 3629.17 3635.76 0.001 5.81 474. 1337.71 0
readil 9760 ES7PM-hi :32872 3619S2 3634. 3630.75- 3635.31 -0.002151 -7.63 '69692 1294.86 0-37
reh: 6, SPFhW 382 31.4 33A 3633.05, 3634.34 0.00572 12.74 -5419.42 :1533.84 0A61
redlý S SP~I''27 638 32J 3624.04 362605 0.012005, 13.1 4236.12 956.5 0.91
mAci.ý 8710. SPmF -hw 32872 361112 3624.12 3619.78 3624.50 0.'001981 6.46 7"65610 1163.02 0.35
readil: 7942.. ESTPMFh~h 32872 3608.2 3622.3 3617.05, 3623.21 0.00280 A.7 '5344-38 4198.82 0.4
reachii 734 E3TP fif h 3287 3606.29- 36171.9 3617.91 362.Z 38 0.014258 15.36 31226.5 6763 0911

0.31:36V .3175 00041ý2

machil 68981 ESTPM ;ia i 32872 360423 - 3617.2 36&2 675 .041 529 877M :1145.00 02
mach1.- 6537 EWTMF hi '32872 3602.32 3614A4 3614.46 361&.24 0.012152 15.01 '4034.74 911.41 0.94
reaci * 599W lE$TPMF...hfg 32872 :3596A9 3614.52 3604.08 3614.6 0.000344 -3.64 '11952. 961.23 0.1i
iah 5147 BMESW_ h ,2872 357S 3613.61 3614.. 0.001M .7.34 691,7.05 '1002.18 035
machi, 4685ý ESVMF~fiWs~ 32872 359450 361112 3612.99 0.046 11.93 4296.62 959.61 055
mch•i 4202 ESTPMF h 32872 3592.53 3611.71 3611697 0.000748- 5.36 10477.7 1347.90 0.23
idacl 3312. ESTPMF h 32872 38.6 361137 601.6, 361L61 0.600529 4.95 10799.6 1283.18 0.2
oiahl 3145 ElMWhl, -32872 I5MS 3611.40, 36.2 0.002 3.7 1497735 144.01 :0.13

maci 105 ETPMP 6 32872 38.7 361138 359619' 3611.51 0.00D0221 3.57 139A110.5013
maie~l 3W8,. E Or hk -.32872 .358699 36103 3607.98 3611.43 0.002247, & 87 - 6158.96 94931 0439

machi 3044 5TPFJ~ig. 3272 356.74 3609.14 3609.14 3610.84 0.033062 1277 200 1.111

mach- '2%791 LSIP fg ' 32872. 3586-32 3610.06 359936 3610.15 0.000211, 33 1167 242 0.13
imachi 2w4 EMTPMFhý, :32872 3S86.14 3ED015 360D.72' 3609.91 0.003505 12.34 :2686.45 2148.4205
miiiiMdt 2924 ri.d
mciiik 2B95i, EM W'.: h 3287 3158.515 3602.18 3602.18 "68.f 0.016529 19.45 1690 738.00 i
rýai 2?27 ESWMF hidgh .32872 o.358551- 360136 3601.36, 3605.971 0.013248.ý 17.651 2060A42 748.34 010
machi 24A7V ETPMfi j h '328721 3583251 35989.[ 1 3599.741 bM003651 1=441 .4837.28 778911 058sa
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Table 4 (continued)
Pass Creek HEC-RAS Standard Table 1 Output, 50% ESTPMF

Rarh Rierta Prffe TdtaI Miihef WSýeev CtntWS AA.EleV E. 511 VeJJUW,,Fi O oArik, ýT60*V fh Foiefdl

rmirh1. 2M5 ESrPMF fh 32872 358112 3597.91 3598:71. .02473 &95 5929.81 79993 0.4
riarhil 1733, ESITPMF ih,~ 32872 1580.0 3598.17 339&.32 -0.000379 .3.91 12402.0 1125.98 40.16
ruadl1 126L ES'PM_ 3287 3579.14 3598.07 3598.21 0 .00024 4A13 :1134706 9D5.L60.M17
reachi- 1121- BTMPMF hig '32872 3578.99 3598.04 359&.16: 0.00034 3178 12376.95 881.95 0M16
reach 754, ESTP M W Mt32721 357.10 359795, 3598081 0.0003701 3.94 12439.02. 99LOD 0.1

rucil 4201 - -'ESTPMF, ht '328721, 3576901 3597.83 3587.lII 3579 .00 3.9 .410.8 .26.6 0.1
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Meteorology 2.5

TR RAI-2.5-1
Regulatory Guide 3.63 recommends comparing a concurrent period offmeteorological data from a
National Weather Service (NWS) station with the Iongterm meteorological data from that NWS
station. The NWS station selected for this comparison should be in a similar geographical and
topographical location and bereasonably close (preferably within 50 miles) to the site. Regarding the
long-term representativeness of the data collected onsite, please address the following issues.

TR RAI-2.5-1(a)
a. In Section 2.5 of the Technical Report (TR), the applicant compared weather data from the

NWS site at Chadron, Nebraska. Consistent with Regulatory Guides 3.63, 3.46 and NUREG-
1569, Acceptance Criterion 2.5.3(3), explain why the applicant chose the NWS site at Chadron,
Nebraska, over other potential NWS sites as a representative location for the purpose of
comparing meteorological data.

Response: TR RAI-2.5-1(a)

The Chadron, Nebraska, National Weather Site (NWS) provides the most representative data for the

Dewey-Burdock project area due to its proximity (approximately 62 miles to the southeast of the PAA)

and availability of long-term weather parameters (wind speed, temperature, precipitation). The nearest

NWS site with the same parameters available is located near Rapid City, South Dakota (approximately 58

miles northeast). This site was not selected because Rapid City is located on the eastern slope of the

Black Hills and the project area is located on the western slope. Weather fronts often move from west

to east, which could cause significant differences in local climate, especially precipitation. For these

reasons the Chadron, NE, NWS location was selected.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11. 2009. Pane 117

Paae 117
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TR RAI-2.5-1(b)
Regulatory Guide 3.63 recommends comparing a concurrent period ofmeteorological data from a
National Weather Service (NWS) station with the Iongterm meteorological data from that NWS
station. The NWS station selected for this comparison should be in a similar geographical and
topographical location and be reasonably close (preferably within 50 miles) to the site. Regarding the
long-term representativeness of the data collected onsite, please address the following issues.

b. On page 2-58 of the TR, the applicant states that the years 1978-2007 were used for
comparison of the NWS site data. On page 2-59 of the TR, the applicant states that January
1,1978 to July 17, 2008 were used for long-term meteorological comparison. Please clarify
what years were used for determining long-term representativeness of meteorological
conditions.

Response: TR RAI-2.5-1(b)

For the regional overview, the correct dates are specified in paragraph 1, Section 2.5.2 of the TR (page 2-

59). The dates (1978-2007) on page 2-58 were misstated. The sentence in the third paragraph on page

2-58 of Section 2.5.1 of the TR should read:

To determine whether this period of data collection (July 18, 2007, to July 17, 2008) was representative

of long-term meteorological conditions, weather data from the nearest National Weather Service (NWS)

site at Chadron, Nebraska, for the same period was compared to data collected at the site from years

2007 and 2008.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.5-1(c)
Regulatory Guide 3.63 recommends comparing a concurrent period of meteorological data from a
National Weather Service (NWS) station with the Iongterm meteorological data from that NWS
station. The NWS station selected for this comparison should be in a similar geographical and

topographical location and be reasonably close (preferably within 50 miles) to the site. Regarding the
long-term representativeness of the data collected onsite, please address the following issues.

c. NRC staff notes that the applicant has provided an analysis of meteorological data from the
NWS site in Chadron for temperature and wind speed, but not wind direction. Consistent with
Regulatory Guides 3.63, 3.461and NUREG1569, Acceptance Criterion 2.5.3(3), demonstrate that
the wind direction data obtained onsite are representative of the long-term meteorological

conditions in the site vicinity.,

Response: TR RA1-2.5-1(c)
Wind direction data from the NWS Chadron, NE and the Oral, SD stations were determined not to

represent site specific wind patterns due to an orographical effect of the Black Hills.

Due to geographic differences and the associated orographic effects, it is believed the Chadron, NE nor

the Oral, South Dakota sites represent the long-term conditions at the Dewey-Burdock site located in

the southwestern Black Hills.

The data collected on site show that during the collection period (July 18, 2007, to July 17, 2008), the

winds prevailed predominantly from the northwest to southeast except during summer months, see TR

Figures 2.5-22 and 2.5-23and Figures 4-6 and 4-7 in Oswald, 2008. The nearest weather station with

long-term wind speed and direction data (Oral, SD) indicate the predominant wind direction is from the

southwest and northeast direction, see Figure 3-14 in Oswald, 2008.

There is no NWS or other meteorological site with available wind speed and direction data that would

demonstrate the wind direction data on site are representative of the long-term meteorological

conditions in the site vicinity.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.5-2
Regulatory Guide 3.63 recommends: the basic reduced wind direction, wind speed, and atmospheric
stability data should be averaged 1: over a period of 1 hour. At least 15 consecutive minutes of
continuous data during each hour, should be used to represent a 1-hour average data. Please
demonstrate that this data is consistent with the recommendations in Regulatory Guide 3.63 or
provide justification for an alternate methodology.

Response: TR RAI-2.5-2
Methods for collecting wind speed
A weather station was installed in coordination with the South Dakota State Climatology office at

approximately the center of the PAA, in accordance with NUREG-1569, in July 2007. Parameters

sampled at the site included wind speed and wind direction at three and 10-meter heights (9.8 and

32.8 feet). Data were analyzed at each site by time of day, month, and season of the year. The seasons

for this analysis are defined as: winter (December, January, February), spring (March, April, May),

summer (June, July, August), and fall (September, October, November). Wind speed and wind direction

data were collected throughout theý entire collection period (July 18, 2007, to July 17, 2008) once a

minute every minute for the entire data collection period. The hourly average is an average of the 60

one-minute data points for that hour. This exceeds recommendations found in paragraph 3, Section C-1

of Reg. Guide 3.63, which recommends at least 15 consecutive minutes of continuous data each hour to

represent 1-hour average data. Table 2.5-6 lists the model number and specifications of the sensors

that were installed.

Methods for collecting atmospheric stability

The atmospheric stability was calculated for each hour from July 17, 2007 through July 16, 2008 from

hourly averages of measurements of wind speed and solar radiation taken at 1-minute intervals. This is

consistent with paragraph 3, Section C-1 of Reg. Guide 3.63. See also TRRAI-Table MET-2.5-2 below; a

Compilation of atmospheric stability ýdata collected July 17, 2007 through July 16, 2008 in joint relative

frequency form (in percent of total data). Calm winds compose of 2.52% of the data and 0.28% of the

data is reported missing due to the criteria of 15 minutes of continuous data per hour interrupted due

to maintenance down time.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TRRAI-Table MET-2.5-2: Wind Direction
NN EN ES SS SS S WS WN NN o

N NE E SE S W NW I-
E E E E W W W W W

0-3 002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,020

4-7 0 0 0 0 , 0 0 0 0 0 0 0.026 0 0 0 0 0.020

'q 8-12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13-180 0 0 0 0 0 0 0

19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

>240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0.000 0 0 0 0 0 0 0 0 0 0 0.026 0 0 0 0 0.052

0-3 0.393 0.230 0.131 0.100 0.079 0.183 0.107 0.341 0.734 0.734 0.70 0 .0.406 0,800 0.39 0.17 0,708 7,700

4-7 0.052 0 0 0.020 0 0.00 0 0.002 0.079 0.079 0.052 0.105 0.262 0.079 0.183 0.105 1.1

8-12 0 0 0 0 0 0 0 0 0 0 0 0 0.079 0 0 0.079

13-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

>24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0.445 0.230 0.131 .131 0.070a 0.20. 0.17 0.393 0.8 13 .3 0.38 0.003 1,127 0.997 1.1 0.813 8.885

0-3 0 0 0 0 ,0 0 0 0 0 0 0 0 0 0 0 0 0

4-7 0.052 0 0.026 0 0.026 0.079 0.341 0.230 0.314 0.020 0.105 0.288 0.829 1.101 0.860 0.681 4.769

(J 8-12 0 0 0 0 0.106 0.020 0.288 0.230 0.020 0 0.026 0.020 0.131 0.039 0.681 0.446 2.2a

13-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

>24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0.052 0 0.020 0 0.131 0.105 0.029 0.472 0,34 0,026 0.131 0.314 0.78 1.94 1.546 1.126 7.598

0-3 1.76 0.472 0.183 0.157 0.202 0.21 0.288 0.629 0.812 0.472 0.498 0.060 0.077 0.498 0.943 1.179 9.595

4-7 1.02 0.117 0.157 0.341 0.839 0.029 0.524 0.629 0.230 0.236 0.020 0,167 0.498 1.389 2.096 10.887 10,821

8-12 0.314 0.105 0.105 0.003 1.074 0.524 0.55 0.183 0 0 0.131 0.079 0.472 2.403 4.103 1.468 12.264

.13-18 0.o26 0 0.047 0.393 0.577 0.105 0.105 0.079 0 0 0.183 .183 0.314 1.73 4.769 0.812 9.302

19-24 0 0 0 0.052 0.020 0 0 0 0 0 0 0.079 0.183 0.000 1 2Z516 0.157 3.068

>24 a 0 0 0 0 0 0 0 0 0 0 .£026 0.020 0.052 0.97 0.0"6 1.1

Total 3.12 0,734 10.471 1.548 2.778 1. 408 1. 467 1.52 1.049 0.708 0.838 1.179 1 2.07 6.787 15.487 5.529 46.75

0-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4-7 0.812 0.079 0.131 0.183 0.21 0.167 0.262 0.288 0.026 0 0.026 0 0.062 0.288 0.603 0.965 3.902

LA 8-12 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19-24 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0

>24 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0.812 0.079 0.131 0.183 0.21 0.157 0.262 0.208 0.020 0 0.020 0 0,052 0,280 0.603 0.886 3.902

0-3 5.50 3.354 2.07 1.205 0.865 0.839 0.891 1.205 1.027 0.788 0.624 0.577 0.043 1.494 2.094 5.425 29.459

4-7 0.76 0.157 0,105 0.101 0.131 0.21 0,079 0.131 0,183 0 0.052 0.02" 0.105 0.183 0.288 0.76 3.276

8-12 0 a 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

13-18 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

>24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total ..32 3511 2.17 031 099 . 1.049 0.97 1.336 1.31 0.786 0.570 0.603 1.048 1.677 2882 00.85 32734

Total 10775 48 -2934 3.17 4.14 2988 348 4.00 3.637 2.333 240 7 275 0.057 11.689 200618 14.618 100.001
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TR RAI-2.5-3
Regulatory Guide 3.63 recommends that quarterly and annual wind direction, wind speed, and
atmospheric stability data be compiled in joint frequency and joint relative frequency (i.e., decimal
frequency) form for heights representative of effluent releases. In addition, stability categories should
be established to conform as closely as possible with those of Pasquill. Please provide this data
consistent with Regulatory Guide 3.63 or provide justification for an alternate methodology.

Response: TR RAI-2.5-3

Table 2.5-10 displays a joint relative frequency table of the atmospheric stability data collected July 17,

2007 through July 16, 2008. Quarterly joint frequency and joint relative frequency tables were not

generated because this information is not used in MILDOS to estimate public dose limits which are

annual limits. Quarterly data is not helpful in estimating annual public doses from operations. A joint

frequency table of the atmospheric stability data collected July 17, 2007 through July 16, 2008 was not

generated because the same information, albeit in a different form, is displayed in Table 2.5-10.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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Table 2.5-10: Compilation of atmospheric stabilit data collected July 17. 2007 through July 16. 2008 injoint relative frequeney form (in percent
of total data). Calm wind compose of 2.52% of the data and 0.28% of the data is missing.

Wind Wind Direction
Speed -

(mph) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total
n- 00n) 0 0 0 0 0 1, n 0 0 n 0 011',

47 0 6 0 0 0 0 0 0' 0 0 1,26 0 ' - 0 026

12 0 0 0 0 0 0 0 0 'a60 6 6 0

in Q9 Ie 0 Q 60 0 Q 0 ' 0 0 ' 0 L ::40 : 0 0 0

04 0 6 7 0 0 ' 6 ' 6 ' 6 0I 0 ) 0 Q Q 0

624 n 0 0 0 0 0 0 0 C 0 0 0Tt 026 0 0 1, 0 o o1 0 1 o ,0261 1) 0 •
L- ¼793 07 66 -, 0161 n 6Th 7 34 ,1n,7 6641 66.4 6'7 c7t 6fl6 I 63' 0 6(9 6617 A 663 9716

W747. on". 666 6 669 6 66 ' ý 0r07q7 FI 66 5 M7, ) 6;G 60676 6.1W 016' 1
0) n,2 0 00 0 0 0 0 0 0 0 0,379 • 0 070

En 1 _ _ _ 0 _ u 0 , _ U 0
102 0 : o (, u00 0 o 0 C 1J L

c, 0 : 00 0 V 0 0 C n n 0 o - 0

T£,, 1445 0 .?6 00 171 O [ 1 n 079 0-209 0 1567 0 666 0E61_ 1. 3 A 66 06606 1.127 7 71,7 I 0,61? 68 ,

0-, 0 n 0 0 1 1, n - 0 n r 0 1 1 0 0

46 -7 6F2 0 i9) 0 -,0 0073 6134' 063 63 6'. r ,-". 671 7 17," (•'' 1''7 1711 36'. 3761 4 76q

U- 0 U 0J 1 "1 Ui U,' L'G '' 2 1 1 _u L't UAl': U _ý 1 Wu? 1W13 0111 11. " 1• 11 U 4 U

1- 0 0 0 U 0 0 U 1 0 0 1 0T Q iJ 0

•I 02 3 0 0 c- 0 11 0 L Q 1) 1 0 C

T-,6 C'51 C. I6 2E 0 0613 C.105 C.'' ('472 0' 00('6 14 17 1 034 1 0 I. 1.6 154"6 1.12Z 75776

'-7 176 17- 614-A 61 0617 C.26- '1 02 ,6K 6 06 ý1 6,472 E46 06 56 O.77 '0466 ).0.3 1.17- 6959

4-7 167 0)'r 0 16 .7 6 6661 1 ,$29 n 6 2 6 052ý 0669 677.7 0Yl 0 1, _"__ k_9 1_ 0 1_$7 10, 21

O-17 .10, n r," ) i16' A1001 16n7. 6 4 n 616 '3 0 ,6l 01 6 t n 477 0 -41; 41q.' 14W 1(74

I6-2 0:C 0 n I 2, 067 ý 1. 6 001-9 (1 0 18: 711 0 1) 66571 9.(769 107 9.6 2

I4. U 0 6 '1 n 06 6 0 U 6 U1 _ L 1 II'J 1) , 66 0 6 6 - 16 6 7 .3 6 ;8

7-4 _ _ __ _ 6 1 1

-24 00 0 0 0 '0 0 L6006 602-b 0, 0 2 " 1

It2 , C 6 2T (7463 1.467 1.52 1 0 66 6 '7 -01 "07

,-.( 6 , 6 0 0 0 Q 0 66 (, C 6. 0 0 ' 6

Ill 4-i O82 07 0 31 A1•,• 0 2f 0 10. 02J (2- I' 021, 0 1 n 0 0770- 0 2,a A00 CIO[ I MI
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TR RAI-2.5-4
Consistent with Regulatory Guide 3.63, please provide an annual wind rose summary for the 16
compass directions for the project site.

Response: TR RAI-2.5-4
The annual wind rose summary data is provided in Oswald, 2008 Appendix C "Site-Specific Wind

Analysis" on page C-3 submitted in TRRAI Response Dec 2010.
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TR RAI-2.5-5
The following questions refer to Section 2.5.3.2 (Wind Patterns) regarding the applicant's discussion of
wind at the project site.

TR RAI-2.5-5(a)
a. On page 2-83, the applicant discusses wind speed in units of miles per hour when referring to

Table 2.5-7. However, the data in Table 2.5-7 (and Figures 2.5-22 and 2.5-23) are presented in
units of knots. Please make units of wind speed consistent.

Response: TR RAI-2.5-5(a)
Wind units have been converted to knots within the text of the last paragraph on page 2-83. As shown in

TR Table 2.5-7, a majority of the winds (51 percent) come from the southeast and approximately 55

percent of all winds were less than 4.0 knots. December had the least amount of wind with 7.66

percent of the total winds being classified as calm and having an average wind speed of 2.43 knots. In

contrast, May was the windiest month with only 0.41 percent of calm winds and an average wind speed

of 6.0 knots. Southeasterly winds were prevalent in the winter months (38 percent of total shown in

Figure 2.5-22) as well as the summer months (56 percent of total shown in Figure 2.5-23).

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.5-5(b)
The following questions refer to Section 2.5.3.2 (Wind Patterns) regarding the applicant's discussion of
wind at the project site.

b. Also on page 2-83, the applicant discusses wind data for the months of May and December.
However, this data cannot be confirmed because the data in Table 2.5-7 appears to be a yearly
tabulation while the data in Figures 2.5-22 and 2.5-23 are seasonal. Please provide data to
confirm the applicant's statements for wind data.

Response: TR RAI-2.5-5(b)

All site specific data has been provided within Oswald, 2008 Appendix C "Site-Specific Wind Analysis".

See pages C-12-13 for May data and pages C-26-27 for the December data.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.5-6
Figures 2.5-22 and 2.5-23 summarize seasonal wind patterns on wind roses. Please specify the location
and months included in each seasonal wind rose on the legend and/or titles of the figures.

Response: TR RAI-2.5-6
See Response: TRRAI-MET-2.5-2 for months included into each season; also, refer to Figures 4-6 and 4-

7 in Oswald, 2008 page 30.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.5-7
Regulatory Guide 3.63 recommends that an indication of the atmospheric stability can be obtained by
a method such as isolation-cloud cover and wind speed (pasquili-Gifford and similar methods),

temperature lapse rate method, wind fluctuation method, split-sigma method, or Richardson Number.
Please explain the method by which the applicant obtained the atmospheric stability.

Response: TR RAI-2.5-7
The atmospheric stability was estimated with the Solar Radiation Delta-T method for estimating

Pasquill-Gifford stability categories. The method uses measurements of daytime solar radiation,

nighttime vertical temperature gradient, and wind speed to assign Pasquill-Gifford stability categories to

time periods (EPA, 1993). TR_RAI-TableMET-2.5-7 summarizes the method.

TR RAI-Table MET-2.5-7: Solar Radiation Delta-T method for estimating Pasquill-Gifford stability
categories (EPA, 1993).

Daytime Solar Radiation Nighttime Temperature Gradient
Wind Speed 675- 175- Wind Speed

Lm/s) Ž_925 925 675 <1 75 (m/s) <0 Ž0
<2 A A B D <2 E F

2-3 A B C D 2-2.5 D E

3-5 B B C D >2.5 D D

5-6 C C D _D
->6 I D ID __D

Measurements of nighttime temperature gradient were not made. Instead, the more conservative

stability class was chosen for each nighttime hour (the stability class for the nighttime temperature

gradient _Ž0).

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.5-8
Consistent with Regulatory Guides 3.63, 3.46 and NUREG-1569, Acceptance Criterion 2.5.3(1), please
provide a discussion of wind stability class and average inversion height in the description of the local
meteorological conditions.

Response: TR RAI-2.5-8

Atmospheric stability was compiled from meteorological data collected July 17, 2007 through July 16,

2008. Table 1 summarizes the atmospheric stability in joint relative frequency form. The atmospheric

stability was Class A -0.1 % of the time, Class B -8.9 % of the time, Class C -7.8 % of the time, Class D

-46.8 % of the time, Class E -4.0 % of the time, and Class F -32.7 % of the time. The atmospheric

stability classes are briefly described in TR RAI-Table-1_ MET-2.5-8.

TR RAI-Table-1 MET-2.5-8: Pasquill's categories of atmospheric Stability (Cember, 1996).

Class Stability
Extremely Unstable

'A Conditions
Moderately Unstable

B Conditions
C slinhtly Unstable Conditions
D Neutral Conditions
E Sliqhtly Stable Conditions.
F Moderately Stable Conditions

Average mixing heights were derived from the AERMOD calculations used for dispersion modeling and

are based on hourly data obtained from the National Weather Service stations in Rapid City (upper air),

Custer, and the local Edgemont Station. The AERMOD calculation is based on a combination of

mechanically and convectively driven boundary layer processes. As a result, seasonal and monthly

mixing height averages are provided in Tables TR RAI-Table-2_ MET-2.5-8 and TR RAI-Table-3_ MET-2.5-

8, respectively.

TR RAI-Table-2 MET-2.5-8: Seasonal Mixing Height Averages

Winter Spring Summer Fall

Average Mixing
Height (in) 936 1285 1382 839

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-Table-3, MET-2.5-8: Monthly Mixing Height Averages

Average Mixing
Month Height (m)

January 835

February 963

March 1189

April 1237

MLay 1245

June 1217

July 1487

August 1333

September 1297
,October 1146

November 550

December 815
References

EPA, 1993. An Evaluation of a Solar Radiation/Delta-T Method for Estimating Pasquill-Gifford (P-G) Stability
Categories (EPA-454/R-93-055). Washington, DC: U.S. Government Printing Office.
Cember, 1996. Introduction to Health Physics Third Edition. New York: McGraw-Hill.
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TR RAI-2.5-9
Consistent with Regulatory Guide 3.63, please provide threshold values for the meteorological
instruments measuring wind direction and wind speed.

Response: TR RAI-2.5-9
Refer to Table 4-1 "Specifications for Weather Instruments Installed to Perform Dewey-Burdock Site-

Specific Analysis" in Oswald, 2008; page 24.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.5-10
Regulatory Guide 3.63 recommends that meteorological systems should be inspected at least once
every 15 days and serviced at a frequency that will minimize extended periods of outage and ensure

an annual data recovery of at least 90% for each individual parameter measured (at least an annual
75% joint data recovery for wind speed, wind direction, and atmospheric stability). Please

demonstrate that the applicant's system maintenance and servicing schedule during the onsite data
collection, period is consistent with Regulatory Guide 3.63 or provide justification for an alternate
methodology.

Response: TR RAI-2.5-10

This site was installed in cooperation with the South Dakota State University (SDSU) Climatology office in

Brookings, South Dakota, according to the standards they use to install their Automatic Weather Data

Network (AWDN) stations. The data are quality assured/quality controlled (QA/QC) through an internal

querying process at SDSU to determine if sensors and the associated data logging equipment function

properly. All data collected during the sampling period had over a 90 percent recovery rate. Sites were

visually inspected periodically throughout the sampling period to assess any defects in sampling

equipment.
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TR RAI-2.5-11
Regulatory Guide 3.63 recommends 'that meteorological systems be calibrated at least semiannually
to ensure that the system accuracies in this guide are met. Please demonstrate that the applicant's
calibration program during the onsite data collection period is consistent with Regulatory Guide 3.63
or provide justification for an alternate methodology.

Response: TR RAI-2.5-11
The station was part of the SDSU AWDN, therefore the SDSU recalibration schedule was used, which is

approximately once per year. The station was calibrated just prior to the sampling period and

monitored by the SDSU internal querying process (as explained above), it is assumed that all the

weather instruments were functioning properly and calibrated throughout the sampling period.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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Geoloav and Seismology 2.6

TR RAI-2.6-1
Figure 2.2-3 in the TR indicates that the Newcastle Sandstone may be 0 to 150 feet thick in the Black
Hills area. Sections 2.6.2.2 and 2.7.2.2.6 of the TR provide conflicting site information concerning the
presence of the Newcastle Sandstone within the overlying confining unit (Graneros Group). NRC staff
requests that the application clarify the presence or absence of the Newcastle Sandstone at the
project site.

Response: TR RAI-2.6-1

While from a regional stratigraphic perspective the Newcastle Sandstone is part of the Graneros Group,

this unit is absent across the PAA. In the review of thousands of drill holes across the PAA, it has been

determined that the Newcastle Sandstone has been removed by erosion. Surface examination and

drilling within the Dewey-Burdock Project has encountered no Newcastle Sandstone.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.6-2
NRC staff notes that the U.S. Geological Survey's Burdock Quadrangle (Schnable, 1963) shows the
presence of the Minnewaste Limestone where it outcrops east of the license area. The application
indicates that the Minnewaste unit is not present at the site. Please further clarify where the
Minnewaste Limestone may be present within the license area (i.e., using logs and other site data). If
present, please provide a description of the unit and any anticipated affects the unit may have on
the proposed operations.

Response: TR RAI-2.6-2
The type section for the Minnewaste Limestone is at the falls of the Cheyenne River, 25 miles southeast

of the Dewey-Burdock project area and now under the Angostura Reservoir. In Gott's description of the

Minnewaste Limestone in USGS Professional Paper 763, he describes this unit in the.type locality as

being a pure limestone, but grading out laterally to a sandy limestone and to a calcareous sandstone at

its margins. He also states that it is discontinuous west and northwest of the type locality, toward the

project area. Where it does occur in the Flint Hill, Edgemont NE and Burdock quadrangles, it generally

has a thickness of less than 10 feet. The Minnewaste Limestone crops out approximately 2½ miles east

of the permit boundary in the northeastern portion of the Burdock quadrangle. Here, the Minnewaste

consists of a series of thin, discontinuous lenticular beds of sandy limestone. These thin, discontinuous

lenticular beds do not extend unto the Dewey-Burdock project. A review of all drill hole and geologic

lithology logs show the Minnewaste Limestone was not deposited within the PAA.
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TR RAI-2.6-3
NRC staff notes that the description of the geochemistry of the ore zones is limited. The applicant's
description did not sufficiently describe site-specific minerals in the clays, silts, and carbonaceous
media that are present in the ore zones of the two sub-aquifers of the Inyan Kara. Also, the applicant
did not provide a sufficient description of the geochemistry associated with site specific mineralogy,
common ions present, and oxidation-reduction conditions. NRC staff requests a further description of
the mineralogy and associated geochemistry of the mineralized zones consistent with NUREG 1569,
which states, "A geologic and geoch'emical description of the mineralized zone and the geologic units
immediately surrounding the mineralized zone is provided."

Response: TR RAI-2.6-3
Uranium deposits within the project are classic, sandstone, roll-front type deposits, similar to those in

Wyoming and Texas. These type deposits are usually "C" shaped in cross section, with the concave side

of the deposit extending up-dip, toward the outcrop. Roll-front deposits are a few tens of feet-to-100 or

more-feet wide and often thousands of feet long. It is generally believed these epigenetic uranium

deposits are the result of uranium minerals leached from the surface environment, transported down-

gradient by oxygenated groundwater and precipitated in the subsurface upon encountering a reducing

environment at depth. These roll-front deposits are centered at and follow the interface of naturally-

occurring chemical boundaries between oxidized and reduced sands (See Figure 2.6-7). Within the PAA,

roll front deposits occur at depths of less than 100 feet in the outcrop area of Fall River Formation and

at depths of up to 800 feet in the Lakota in the northwest part of the project. The average thickness of

this mineralization has been calculated to be 6 feet and the average grade is 0.21 percent U308.

There is a geochemical "footprint" associated with these uranium roll-front systems, resulting in 1) a

reduced zone 2) an oxidized zone and 3) an ore zone. The following is a geological and geochemical

description of each of these zones for uranium deposits within the Dewey-Burdock Project. Information

included in this description was taken from a 1971 petrographic study of core from the Dewey Area by

Homestake-Wyoming Partners, utilizing microscopic, thin section, polished section, x-ray powder

diffraction and spectrographic analyses (Honea, 1971).

Reduced Zone - This zone represents the original character of the Inyan Kara sediments, unaffected by

any mineralizing events. Today, it is the unaltered portion of the system, ahead of or down-gradient of

the roll front. Reduced sandstones are grey in color, pyritic and/or carbonaceous. Organic material

consists of carbonized wood fragments and interstitial humates. Pyrite is abundant within the host

sandstones and present as very small cubic crystal or as very fine grained aggregates. Marcasite is also

present as nodular masses in the sandstones. This disseminated pyrite, resulted from replacement of

original iron (magnetite or similar minerals) and organic material. This early-stage pyrite precipitation

contains trace amounts of transition. metals (Cu, Ni, Zn, Mo and Se) and resulted from either biogenic

(bacterial) or inorganic reduction of groundwater sulfate. Plagioclase and potassium feldspar clasts are

fresh and, with the exception of localized areas of calcite cementing, calcite is sparce - averaging only

Question and Answer Response to the U.S. NRC's Request for Additional Information
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0.15%. A heavy mineral suite (ranging from trace to 3%) of tourmaline, ilmenite, apatite, zircon and

garnet is typical of those found in mature, siliceous sandstones.

Oxidized Zone -This portion of the system, behind the roll front, is characterized by the presence of iron

oxides - resulting in a brown, pink, orange or red staining of host sandstones. The oxidized zone maps

the progression of the down-gradient movement of mineralizing solutions through the host sandstones.

Within the oxidized zone, original iron has been altered and is present as hematite or goethite as grain

coatings, clastic particles or as pseudomorphs after original pyrite. Goethite is considered to be

metastable and is found near the oxidation/reduction boundary, while the more stable hematite is

found greater distances up-gradient from the roll front. The heavy mineral leucoxene - a white titanium

oxide, is also present as a pseudomorph of ilmenite. All organic material has been destroyed in the

oxidized zone, quartz particles will show solution or etching effects and feldspars have been -replaced

with clays.

In the oxidation process of the original pyrite, it is believed the transition metals (Cu, Ni, Zn, Mo and Se)

were liberated and incorporated into the mineralizing solution. This solution was considered to be

slightly alkaline and initially having a positive oxidation potential. Uranium was in solution as the anionic

uranyl dicarbonate complex. Other metals associated with uranium were also carried in anionic

complexes. Within the PAA, the oxidized zone in Inyan Kara sands has been mapped over a lateral

.distance of 15 miles and found to extend up to 4-5 miles down-dip from the outcrop.

Ore Zone - This portion of the system is located at the oxidation/reduction boundary where metals

were precipitated when mineralizingi solutions encountered a steep Eh gradient and a strong negative

oxidation potential. Sandstones in this zone are greenish-black, black, or dark grey in color. The primary

uranium minerals are uraninite and coffinite, which occur interstitial to sand grains and as intergrowths

with montroseite (VO(OH)) and pyrite. Other vanadium minerals (Haggite and Doloresite) are found

adjacent to the uranium mineralization and extending up to 500 feet into the oxidized portion of the

system. Overall, the V:U ratios can be as high as 1.5:1. The high concentrations of uranium and

vanadium within the ore zone indicalte the original source of these metals were external to the Inyan

Kara sediments.

Transition metals were also precipitated at or adjacent to the oxidation/reduction boundary. Native

arsenic and selenium are found adjacent to the uranium, in the oxidized portion of the front - filling pore

spaces between quartz grains. Molybdenum is found as jordisite adjacent to the uranium on the

reduced portion of the front. The relatively low concentrations of transition metals indicate their source

could have been internal to the Inyan Kara sediments.

Late stage deposition of calcite and pyrite also appear to be part of the ore-forming process. Filling of

pore spaces by nodular and concretionary calcite is found with the uranium mineralization and

Question and Answer Response to the U.S. NRC's Request for Additional Information
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extending out into the reduced portion of the front. It is believed that uranium was transported as a

uranyl dicarbonate complex and carbonate deposition took place along with the precipitation of

uranium. Late stage, coarse grained, nodular or concretionary pyrite is also found associated with

uranium ore and adjacent to the uranium in the reduced portion of the front.
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TR RAI-2.6-4
Page 2-15 of the TR states, "Twenty-six wells in the vicinity of the project site were deemed
abandoned because of the condition' and inactivity of the well; these wells termed abandoned are not
considered properly plugged and abandoned." Figure 2 in Appendix 2.2-A indicates that abandoned
wells 606, 636, 659, 690 are at or near proposed well field areas. NRC staff notes that the application

does not contain well abandonment and plugging records for the above-referenced wells and other
Appendix 2.2A abandoned wells within the license area. Consistent with Section 2.6.3 of NUREG 1569,
please provide abandonment records for abandoned water wells within the license area. For
abandoned water wells that cannot be documented with abandonment records, please clarify
whether such wells that are located at or near well fields may potentially impact the containment of
process fluids (i.e., improper well construction or poor well condition that may potentially lead to an
excursion).

Response: TR RAI-2.6-4

Groundwater well abandonment reports are not available for wells identified as abandoned or non-

verified in Figure 2 and Figure 3 of Appendix 2.2-A. However during development of a well field, and

prior to its operation, aquifer pumping tests will be conducted specifically designed to detect faulty

abandonment of exploration boreholes or monitoring wells if they exist. This is done by designing a

detailed three-dimensional network of observation wells that are screened within the aquifer underlying

the mineralized zone, screened within all aquifers that overly the mineralized zone, and screened within

the mineralized zone itself. If faulty boreholes exist, their presence and location will be detected by the

aquifer pumping tests. Faulty boreholes will be properly abandoned prior to mining operations.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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Hydroloov 2.7

TR RAI-2.7-1
NRC staff found the proposed satellite plant location in Figure 2.7-1 of the TR abuts the northern
license boundary, where surface drainage appears to flow to the north directly outside of the license
boundary. Staff notes that Exhibit 3.2-1 of the TR Supplement does not show the satellite plant to be
near the proposed license boundary. !Staff requests clarification of the proposed satellite plant
location shown in Figure 2.7-1.

Response: TR RAI-2.7-1
The generalized location of the SF and CPP on TR Figure 2.7-1 should be disregarded and has been

replaced with SR Exhibits 3.1-2 and 3.4.1-3,

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application

Pnno 141

Technical Re ort ýukmittncl AU Uýt 11 ')()no P--e 141



POWeRTECh (USA) INc. DEWEY BURDOCK TR RAI RESPONSE Q&A Format February 2011

TR RAI-2.7-2
Exhibit 3.2-1 of the TR Supplement indicated that the horizontal excursion monitoring well ring for
Dewey Well field #1 is traversed by a, set of railroad tracks. Staff was uncertain of the surface drainage
in the topographic low areas on the :northeast side of the tracks and whether the construction of the
tracks includes any type of drainage system you might see for a double track construction (i.e., surface
and/or subsurface drainage system)! Staff is uncertain if standing water in poorly drained areas will
hamper access to wells and potentially facilitate well leakage. Please clarify the surface drainage of
this area.

Response: TR RAI-2.7-2

In Section 29, T6S, R1E, a small number of monitoring wells are proposed on the northeast side of the

tracks (Exhibit 3.2-1 of the TR). The surface drainage in this area is still dominantly toward the

southwest (Figure 2.7-11 below), but the raised track beds do provide some potential for standing

water. The potential for collection Of water is predominantly immediately adjacent to the north east

side of a raised-bed for the railroad tracks. Standing water is not expected in the location of any of the

monitor wells as the area is well drained in a south easterly direction along the tracks and to a culvert in

the immediate vicinity.

Construction of well heads are detailed in TR Section 3.1.3 and shown in TR Figure 3.1-1 and TR Figure

3.1-2. It should also be noted that monitor wells will be constructed in the same fashion as production

wells shown in TR Figure 3.1-2. All 'wells are constructed such that the interior of the well casing is

sealed to the external environment. Additionally, cement secures the well casing from total depth to

surface level preventing any erosion of the well head. Because of these design considerations, all wells

are expected to be sufficient to withstand submergence without contamination to external or internal

environment of the well casing.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-3
Consistent with criteria of Section 2.7.3 of NUREG-1569, please provide appropriate estimates of peak
flood discharges and water levels produced by large floods on Pass Creek, Beaver Creek, and local
small drainage areas. Please also provide an appropriate estimate of the aerial extent of significant
peak flow during flooding of Beaver Creek and Pass Creek in the areas where Dewey Well fields I and
Ill and Burdock Well fields Ill and V. Furthermore, please discuss the safety measures to be undertaken

for well fields and monitoring wells located in areas that may be subject to erosion or inundation.

Response: TR RAI-2.7-3

Detailed analysis of potential flooding of Pass Creek is described in TR section 2.7.1.4.3. TR Exhibit 2.7-3

in TR RAI Response December 2010 shows the aerial extent of 100 year flooding event on Beaver Creek

and Pass Creek and relative position of well fields proposed in this application. Smaller ephemeral

drainages in the Pass Creek and Beaver Creek watershed were also modeled and are included in the

responses to TR-RAI-MI-5. It should: be noted that results of the modeling of the smaller ephemeral

drainages during a 100-year peak flooding event shows a relatively small aerial extent near each channel

being inundated. If necessary, other small ephemeral drainages crossing proposed well field areas may

be modeled using HEC-RAS or other methods and included within the hydrogeologic data packages for

each well field.

Placement of well field infrastructure, with the exception of buried pipelines and individual well heads,

will be outside of drainages and low areas to avoid any possibility of flooding. Design of well heads is

detailed in TR-RAI-2.7-2 such that all well heads are sufficiently sealed to accommodate brief periods of

submergence. Due to the relative small size of the ephemeral channels, it is expected that well spacing

will be able to accommodate most small drainages such that wells will be located near but outside the

possible extent of flooding. If the well must be located within a channel or low area of a drainage, then

the well location will be evaluated for the potential effects of flooding. If necessary, diversions or

erosion control structures will be constructed to divert the flow and further protect the well head. All

pipelines will be buried below the maximum depth of frost, estimated at a minimum of 6 feet below

ground surface. Flooding events are expected to be infrequent and of a relatively short duration.

Because of the design features of the well heads and pipelines, it is expected that inundation and

erosion by any flooding event will not adversely affect the structural integrity or interfere with the

operation of the well heads or pipelines.

The proposed plant to plant pipeline and other pipelines will often be constructed across ephemeral

drainage channels including Pass Creek. All pipeline design includes burial below the maximum.depth of

frost, estimated at a minimum of 6 feet below ground surface, and back-filled and compacted back to

grade. Flooding events do not affect'the operation of the pipelines and are not likely to erode intothe

pipeline at its burial depth within the lifetime of the project.

It should be noted that Pass Creek is normally dry except for brief periods of runoff following major

storms.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-4
NRC staff notes that ephemeral stream tributaries flow through all the proposed well fields shown in
Exhibit 3.1-4 of the TR Supplement. NRC also notes that the plant-to-plant pipeline and Burdock Well
field V-to-plant pipeline crosses several ephemeral drainage channels including Pass Creek. Please
provide an estimate of high water marks of significant channel flow and provide specific plans for the
protection of infrastructure (e.g., well heads ond header houses) within the high water marks of
significant channel flow. This information is necessary to assess erosion risks to well field

infrastructure and pipelines.

Response: TR RAI-2.7-4

Addressed in response to TR-RAI-2.7-3.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material Li cense Application
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TR RAI-2.7-5
NRC Staff notes that the location of several of the potentiometric contour lines in Figures 2.7-14 and
2.7-15 of the TR conflicts with water level data posted at several of the well points. Please explain the

cause of this error.

Response: TR RAI-2.7-5
Revised potentiometric surface maps for the Fall River and Lakota are provided in TR Figure 2.7-and TR
Figure 2.7-5.2. These replace Figures 2.7-14 and Figure 2.7-15 respectively. An explanation of the
measurements and why how they are used in the revisions is provided below.

Summary of Groundwater Wells USED in Contour Maps - Dewey Burdock
Fall River Formation
Hydro ID 38:
This well was originally thought to be screened within the Lakota aquifer based on its interpretation in

the TVA DES as having a total depth of 550 feet. However, data from the well completion report shows
this well to have an actual total depth of 494 feet. This depth is consistent with the Fall River Formation.
The groundwater potentiometric surface of this well is also very consistent with that of surrounding
water wells known to be completed within the Fall River.
Hydro ID 49:
The exact screened interval of thisi well is unknown. However its total depth of 600 feet is very

consistent with nearby wells that are known to be screened within the Fall River Formation.
Additionally, the potentiometric surface of the groundwater well correlates nicely with the surrounding
Fall River wells.
Hydro ID 607:
This groundwater well is known to be screened within the Fall River Formation. The well is located
about 3.5 miles down gradient from the nearest Fall River monitoring well within the Dewey Burdock
project area, but its potentiometric surface correlates well with the Fall River groundwater gradient.

Hydro ID 610:
This groundwater well is known to be screened within the Fall River Formation as indicated in the well
completion report stating that the well is screened from 630-672 feet. This is located immediately
adjacent to groundwater well 609, which is completed within the Lakota Formation.
Hydro ID 622:
This groundwater well is known to be completed within the Fall River Formation. The well completion
report states that the well is screened from a depth of 503-580 feet, which is consistent with the Fall
River Formation at this locality. Additionally, water level measurements from this, well correlate nicely
with other surrounding Fall River wells. There is also a marked difference between the potentiometric
surface elevation within this well and that compared to a known Lakota well located very close by.
Hydro ID 628:
This well is interpreted to be screened within the Fall River Formation. The exact completion interval of
the well is unknown, but lowering a hand tag revealed that the total depth of the well is 520 feet. This is
in line with the elevation of the Fall River, whereas the Lakota Formation is much deeper at this locality.
The groundwater potentiometric surface of the well fits with Fall River well 610, which is located 0.5
miles directly down gradient.
Hydro ID 631:
This groundwater well is known to be screened within the Fall River Formation from 30-80 feet below
the ground surface. The well is located immediately down-gradient from the Fall River outcrop recharge
zone, which is why the well is relatively shallow.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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Hydro ID 681:
This groundwater well is screened from 585-600 feet and is known to be completed within the Fall River
Formation.
Hydro ID 683:
This groundwater well is screened from 635-650 feet and is known to be completed within the Fall River
Formation.
Hydro ID 685:
This groundwater well is screened from 580-595 feet and is known to be completed within the Fall River
Formation. The water level in this well is slightly (4 feet) higher than the nearby 683 Fall River well. This
may be an artifact of the heterogeneous nature of the fluvial stratigraphy and sedimentology, resulting
in slightly varied zone of aquifer hydraulic conductivity and transmissivity.
Hydro ID 688:
This groundwater well is screened from 245-255 feet and is known to be completed within the Fall River
Formation.
Hydro ID 694:
This groundwater well is screened from 377-392 feet and is known to be completed within the Fall River
Formation.
Hydro ID 695:
This groundwater well is screened from 493-508 feet and is known to be completed within the Fall River
Formation.
Hydro ID 698:
This groundwater well is screened from 180-205 feet and is known to be completed within the Fall River
Formation.

Lakota Formation
Hydro ID 12:
The exact screened interval for this well is unknown, and significant effort disassembling the well head
would be required to log the well. The landowner would prefer that logging the well not be performed
at this time. However, the total depth of the well (805 feet) and the groundwater potentiometric
surface is consistent with other nearby wells known to be screened within the Lakota.
Hydro ID 608:
This groundwater well is known to be screened within the Lakota Formation. The well is located about
3.5 miles down gradient from the nearest Lakota monitoring well within the Dewey Burdock project
area, but its potentiometric surface correlates well with the Lakota groundwater gradient.
Hydro ID 609:
This groundwater well is known to be screened within the Lakota Formation as indicated in the well
completion report stating that the well is screened from 903-966 feet.
Hydro ID 615:
This groundwater well is known to be screened within the Lakota Formation as indicated in the well
completion report stating that the well is screened from 712-800 feet. The total depth of this
groundwater well was verified by field personnel using a hand tag.
Hydro ID 619:
The exact screened interval of this groundwater well is unknown and significant disassembly of the well
head, which is fitted with an electrical pump-jack, would be required to log the well. The landowner
would prefer this well not be logged at this point.
The groundwater well has been interpreted to be screened within the Lakota Formation based primarily
on the total depth of the well which is 280 feet. The groundwater potentiometric surface of the water
well correlates with that of other surrounding water wells that are known to be screened within the
Lakota Formation.
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Hydro ID 650:
The exact screened interval of this groundwater is unknown. Significant disassembly of the well head
would be required to log the well, and the landowner would prefer this not take place at this point.
However, this groundwater well is 'interpreted to be screened within the Lakota Formation. This
interpretation is based on the fact that the water level within this well is very similar to a nearby water
well (3026) known to be screened within the Lakota.
Hydro ID 680:
This groundwater well is screened from 426-436 feet and is known to be completed within the Lakota
Formation.
Hydro ID 689:
This groundwater well is screened from 715-730 feet and is known to be completed within the Upper
Lakota Formation. The measured groundwater potentiometric surface of this well is consistent with
other nearby Lakota groundwater wells.
Hydro ID 696:
This groundwater well is screened from 572-587 feet and is known to be completed within the Lakota
Formation.
Hydro ID 697:
This groundwater well is screened from 667-682 feet and is known to be completed within the Lakota
Formation.
Hydro ID 3026:
This groundwater well is screened from 166-196 feet and is known to be completed within the Lakota
Formation.

Summary of Groundwater Wells NOT USED in Contour Maps - Dewey Burdock
Fall River Formation
Hydro ID 613:
This groundwater well was originally utilized in the Fall River Potentiometric Surface map, but its water
level does not correlate well with surrounding wells known to be screened within the Fall River. The
well completion report states that well 613 is screened from 504-580 feet which is in line with the Fall
River Formation. However, further investigations in which a hand tag was lowered into the
groundwater well yielded a total well depth of 506 feet. Therefore, this well is not a reliable source of
groundwater data for the Fall River Formation, and has been dropped from the potentiometric surface
map.

Lakota Formation
Hydro ID 8002:
This groundwater well has a known depth of 500 feet, butthe exact screened interval is unknown.
Based on the well depth it is interpreted that the well is screened within the Lakota Formation:
Pipe works are installed from the groundwater well head to an outlet that supplies stock water to a tank
via artesian pressure. Previously, artesian pressure measurements were used to generate a data point
for original potentiometric contour maps for the Lakota Formation. However, it is not known if the pipe
works can be fully shut in to generate accurate artesian pressure measurements. Therefore this
groundwater well data point has not been used in the recent version of potentiometric surface maps.
Inyan Kara Group (Hydro ID):

Hydro ID 668:
The exact screened interval of this groundwater well is unknown. The groundwater well is artesian and
is likely screened within the Fall River or Lakota Formation of the Inyan Kara Group. Significant
disassembly of the well head would be required to log the well, and the landowner would prefer that
this not take place at this point. Because the potentiometric surface measured by artesian pressure is

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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very similar to both that expected from the Fall River and Lakota aquifers, a definitive differentiation
cannot be justified at this point. Therefore this water well has not been utilized in generating
potentiometric surface maps.
Hydro ID 8003:
This groundwater well has an unknown completion interval and depth. Therefore it is not a reliable
source of data for groundwater monitoring.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application

0- ,.ý 140ýVw m .1. ý mamý , U



PowERTEch (uSA) INC. DEWEY BURDOCK TR RAI RESPONSE O&A Format February 2011

Note: Potentiometric surface based on average water level values at the project site. Contours are dashed where approximate.

FKiure 2.7-14 Potentiometric Surface of the Fall River Aauifer
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Note: Potentiometric surface based on average water level values at the project site. Contours are dashed where approximate.

Fibure2. 7-15: Potentiometric Surface of the Lakota Aauifer
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TR RAI-2.7-6
NRC Staff found that the description :of the methods used to measure the groundwater levels or water
potential measurements and the subsequent method of calculation used to establish groundwater
elevations at each well in Section 2.7.2.2.8 of the TR were incomplete. Please provide a complete
description of the method used to determine potentiometric head for the artesian wells.

Response: TR RAI-2.7-6

Water levels were measured in monitoring wells as follows:

- Static water levels were measured at most wells prior to sample collection with
regard to a reference elevation, usually a mark on the well or on a permanent
structure above or near to the well.

- When possible, free-flowing wells were measured with a 15 lb/in2 (psi) or 30 psi
N.I. S.T.-certified pressure gauge.

- The well was shut in and the pressure was allowed to stabilize before a reading
was recorded.

- Pressure values were recorded to within at least 0.1 psi and typically to within
0.01 psi.

- Wells with subsurface water levels were measured using an electric water level
tape with measurements reported to within at least one tenth of a foot and
typically to within a hundredth of a foot.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-7
The Fall River isopach map of Dewey Well field I (Supplemental Exhibit 3.2-9) and Dewey Well field I
Cross Section (Supplement Exhibit 2.1-3) show ore zones proposed for uranium recovery within a
plausible channel deposit. This scenario is also seen in the detailed information for Burdock Wellfield I
(Supplemental Exhibit 3.2-12 and Supplement Exhibit 2.1-4). Staff notes that these data illustrations
do not provide sufficient information concerning these plausible channel deposits. Staff requests
structure maps of the base of the Chilson aquifer for Burdock Well field I and the base of the Fall River
aquifer for Dewey Well field L Also, please modify Exhibits 2.1-3 and 2.1-4 to show all interbedded
sandstones and shales within the Chilson and Fall River aquifers as well as the perimeter, overlying,
and underlying monitoring wells and their screened intervals. Noting that Section 3.2 of the TR
Supplement states, "location of any flow problems caused by clay stringers," please further discuss the
effects of channel deposits and interbedded shales on the containment of production fluids and the
adequacy of groundwater monitoring layout.

Response: TR RAI-2.7-7

Uranium ore bodies developed within channel sand deposits is not unique to the Dewey-Burdock

Project. For the past thirty years, ISL mining for uranium has been successfully developed within fluvial

channel sands in the States of Texas, Wyoming and Nebraska. A Structure Contour Map to the top of

the Morrison for Burdock Well field I was developed for the ER RAI (RAI_ER Exhibit WR-6.3). This map is

the equivalent to the requested structure contour map of the base of the Chilson aquifer. It shows an

indication of some east-west scouring into the Morrison within the eastern portion of the proposed well

field. As shown on the cross section in TR Exhibit 2.7-1a, the thickest portion of the Lower Chilson sand

channel generally coincides with this scouring. The lowermost mineralized unit (L1) is contained in this

portion of the Lower Chilson.

A separate structure contour map to the top of the Fuson Member for Dewey Well field I (TR 2.7-2) has

been developed in response to this RAI. On this Fuson structure contour map, there appears to be no

indication of scouring associated with Fall River sand channels. However, -the axis of this Fall River

channel system is located to the east'is an area of relatively sparse drilling.

Cross sections across each of the proposed well fields were prepared in response to TR RAI P&R-1. As

opposed to modifying the small-scale Supplemental Exhibits 2.1-3 and 2.1-4 to show interbedded clays,

along with perimeter, overlying and underlying monitor wells on, NRC staff is referred to these larger-

scale cross sections in order to see this same information.

These cross sections illustrate that interbedded clay beds isolate upper channel sand bodies from lower

channel sands within the same formation. Multiple mineralized units may occur within single channel

sand and all such ore bodies can be monitored by a perimeter monitoring well within that channel sand.

Underlying and overlying monitor wells will be placed into underlying and overlying channel sand

accumulations.

The text in Section 3.2 of the TR Supplement referred to delineation drilling being used to identify the

location of any flow problems caused by clay stringers. This is a reference to potential smaller scale

Question and Answer Response to the U.S. NRC's Request for Additional Information
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lenticular, interbedded clay zones within the mineralized sands. Detailed delineation drilling will be

conducted to map smaller changes in the depositional environment which may have a potential to

change flow on a smaller scale. Design of the pattern areas for each well field, as well as the associated

monitoring system, will be done to account for any of these potential flow features to ensure such

lixiviant can be contained within the production zone and adequately monitored. Well field pump tests

will also be conducted in order to ensure proper communication between mining zones and perimeter

monitor well rings'. All of this mapping, design, and testing information will be provided for review by

NRC in the well field hydrogeologic packages for each well field prior to operation.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-8
Considering the uncertainty of the flow regime close to the Dewey Fault and the size and potential
complexity of the rest of the project site, NRC staff found amount of well points used to represent the
potentiometric maps of the Fall River, Lakota, and Unkpapa water bearing units to be insufficient.
Staff noted an unusual potentiometric surface in the Dewey portion and was unable to determine the
source of the anomally. Staff also noted that well points used in Figures 2.7-14 and 2.7-15 of the TR
did not include available wells provided in Appendix 2.2-A (e.g., Fall River Wells 7, 8, 17, 18. and 20;
and Lakota Wells 1, 2,13,14,16,42,51,96,115,147,510,620,696,697, and 7002). Staff notes that Section
2.7.2.2.8 of the TR indicated that some of the additional wells listed in Appendix 2.2-A are difficult to
access for water level measurements. However, staff is uncertain if the wells can be reasonably
accessed with additional efforts. Staff requests potentiometric maps of the Fall River, Lakota, and
Unkpapa water bearing units that include oll wells that are reasonably accessible for water level
measurements.

Response: TR RAI-2.7-8
Table 2.7-15: Reasons no Measurements were Obtainable During Sampling Period.

[ Well Reason for no measurements

1 Could not be sealed for pressure measurement because of leaks caused by corrosion and age

2 Could not be sealed for pressure measurement because of leaks caused by corrosion and age

7 Domestic cannot measure without pulling pump

8 Domestic cannot measure without pulling pump and shutting in for period of time

13 Domestic cannot measure without pulling pump

14 Difficult surface access

16 Difficult surface access becausel of fittings, domestic well would have to be shut in for period

17 Stock well would need pump pulled and to stop being used to stabilized

18 Domestic cannot measure without pulling pump and shutting in for period of time

20 Domestic cannot measure without pulling pump and shutting in for period of time

42 Domestic could not measure w!thout pulling pump. W

51 Surface casing in poor condition, leaking

96 Domestic well cannot measure "Without pulling pump and shutting in for period of time

115 Domestic well cannot measure Without pulling pump and shutting in for period of time

147 Not measured because of location north of Dewey Fault

510 Difficult access, would require shutting in for a period of time

619 Well that contained pumps and pump tubing making it difficult to retrieve a water level tape

620 Stock well would need pump pulled and to stop use to be stabilized

635 Free-flowing well that could not besealed due to leaks caused by corrosion and age

696 Free-flowing well that could not be sealed due to poor valve fittings or cracked valves

4002 Free-flowing wells that could not be sealed due to leaks caused by corrosion and age

7002 Because of the age of this well, it is believed that pressurizing may cause a line to rupture

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-9
NRC staff notes that the potentiometric groundwater surfaces of the Fall River and the Lakota are
above ground surface within the southern portion of Well field Dewey I, the western portion of Well
field Dewey Ill, and Wellfield Burdock V. These areas are within alluvium along Beaver Creek and Pass
Creek. NRC staff notes that unplugged exploration test holes recognized in Section 2.7.2.2.16 of the TR
(Le., Section 2.7.2.2.16 of the TR states, "Locally unidentified structural features or more likely old,
unplugged exploration holes enhance this interaquifer connection. ") may be a pathway for production
zone groundwater to be discharged via artesian flow to alluvial aquifers and plausibly be discharged
from alluvial aquifers to Beaver Creek and/or Pass Creek. Please provide additional information
regarding the potential for whether groundwater is discharging to alluvial aquifers as referenced
above.

Response: TR RAI-2.7-9
Near the PAA, there are several possible modes of interaction between groundwater and surface water.

Groundwater becomes surface water where free-flowing artesian wells discharge into surface water

impoundments. There are no natural springs in the PAA. The only other major avenue for interchange

is along the alluvium where Pass Creek crosses the Inyan Kara outcrop. Here, the alluvium may either

gain or lose flow to the underlying aquifer. There is currently no stream loss data for Pass Creek to

quantify this interaction.

There is no known evidence of any groundwater flowing upward from springs originating in the Inyan

Kara to surface water features in the PAA, with the exceptions of the Triangle mine open pit and a

location of surfacewater flow in the north half of the north east quarter of S 15, T 7 south, R 1 east in

the Burdock area. Typically the presence of the Graneros shale prohibits this flow between-the Inyan

Kara and the surface.

Most of the surface impoundments are in the form of stock dams which collect surface runoff.

Wetlands are only known to be centered on stream beds and recharged only by stream flow.

The Triangle mine, the Darrow mine, and other open pits previously used for mining are open to the Fall

River Aquifer. In the case of the Triangle mine, the bottom of the open pit is below the potentiometric

surface of the Fall River aquifer which has flooded the pit. The Darrow pits are believed to be above the

potentiometric surface of the Fall River and Lakota aquifers. However, water level data on the outcrop

region is not sufficient at this time to fully evaluate this.

The surface water feature near the Burdock area is believed to be Inyan Kara as it is artesian at this

location. This area contains historic localized drilling into the Inyan Kara. The cause will be investigated

and mitigated if necessary prior to development of the initial well field at Burdock. If determined to be

an improperly plugged exploration hole, licensee will locate and plug.

Development of each well field will include more detailed hydrogeologic study in the form of pump

testing and mapping of the potentiometric surface in greater detail to illustrate the presence of any
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potential connection of each well field production zone to surface water bodies and presented for

review in the hydrogeologic data packages. Surface water features will be monitored during pump

testing to determine any hydraulic connection with the well field production zone. Typically, a larger

number of wells consisting of the perimeter monitor ring and overlying and underlying non-production

zone monitor wells will be monitored for response during a pumping test or multiple tests for each well

field. If surface water features are within a distance calculated to be of possible hydrogeologic

connection, then these surface water features will also be monitored for response during the pump

testing. If a surface water feature can otherwise be shown to be completely isolated from the

production zone hydrogeologic unit then it will not be monitored during pump testing.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-10
The application states that springs are not present within the license area. NRC staff is uncertain if the

statement includes potential springs that may directly feed wetlands and/or surface impoundments in
the license area. Staff is uncertain if unplugged exploratory drill holes (discussed in the above-
referenced RAI 12) may have potentially created a spring(s) that feeds a wetlands and/or surface
impoundment with production zone groundwater in areas of flowing artesian conditions and the
unconfined Fall River aquifer. Please provide a discussion to clarify whether wetlands, surface
impoundments, and open mine pits at or downgradient of all proposed production are potentially
spring fed with production zone groundwater.

Response: TR RAI-2.7-10
Please refer to the response in TR-RAI-2.7-9. There are no known springs within the PAA. There is a
location of surface water flow in the north half of the north east quarter of S 15, T 7 South, R I East that
is down gradient of Burdock well field area addressed in TR-RAI-2.7-9.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-11
The TR Supplement stated "Any such water which falls within an area to be mined by POWERTECH

shall be removed." NRC staff notes that the applicant may have intended to say "water well" instead
of "water." This discrepancy should be corrected or clarified. Please also identify wells to be removed.

Response: TR RAI-2.7-11 (Supplemental Report Section 5.1.1 and TR Section 6.1.8)

This language is correct based on language in lease agreements. If a landowner is utilizing ground water

within a mining zone, the well will be removed from the owner's use. This response also addresses (in

part) TR RAI 2.7-13 (a), (b), (c) and (d).

It is premature until well field packages are developed to specifically identify the well(s) that may need

replacement or removal. This language (extracted from a lease agreement) is placed within the

application to demonstrate to the NRC that Powertech (USA) has binding agreements in place with

landowners to secure other water for landowners so that owner's water quality and availability is not

diminished and that domestic water wells will not interfere with well field control. Before any well is

replaced, Powertech (USA) will inform the well owner.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-12
The application stated "if any water well on the Property outside of a mining area or well field is
materially and substantially diminished in quantity or quality due to POWERTECH's exploration,

development or mining activities, POWERTECH will provide LESSOR with such additional water well or
wells as may be necessary to provide water in a quantity equal to the original well and of a quality
which was suitable for all uses the diminished well served." This statement appears to imply that the
applicant will wait until a water well experiences diminished water quality before acting. Please state
those measures to be used to detect and inform potential human receptors of a water quality impact.

Response: TR RAI-2.7-12 (Supplement Report Section 5.1)

Location of Existing Wells

During well field design and development, all existing wells that could potentially be affected by well

field operations or could potentially interfere with well field operations will be evaluated. Pumping test

results, sampling program data, vertical and geographic locations will all be considered before final

design of a well field package, which will be presented to the NRC for review prior to mining. If water

wells are determined to exist within an ore zone or if the potential exists for operations to diminish

quantity or quality of the well water in such a manner that the designated use is prohibitive, Powertech

(USA) may utilize the well within the well field design and operation while restricting the owner's use

and replace the existing well; well owner will be notified in writing. For additional information refer to

SR Section 5.1.1 and TR Section 6.1.8.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-13
Below are comments and associated requests for information from NRC's review of water wells
located at or near the project site.

TR RAI-2.7-13(a)
a. Non-verified wells in Appendix 2.2-A of the TR are described as wells that were not located at

the site and may or may not still exist. If any of these wells or other wells are discovered prior
to the closure of the project site, please describe those procedures to be used to protect public
health.

For each of the wells above, please ,provide the applicant's plans for protecting public health,

determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response to: TR RAI-2.7-13(a) (TR Section 2.2.3.3 and TR Appendix 2.2-A)

TR Section 2.2.3.2.3 StudV Area Groundwater Use

Non-verified wells are described in Appendix 2.2-A. The non-verified wells are wells that were not able

to be located upon field investigations. Many years have passed since the plugging of the historical

wells; for this reason many wells listed in the data base are no longer in existence on the property.

Powertech (USA) continues building and maintaining a complete well database. In doing so, the

applicant thought it important to include both historical and existing wells. If any wells are discovered

within the PAA and are found to pose a threat to human health or the environment prior to site closure,

Powertech (USA) will plug and abandon the wells based on procedures described in TR Section 6.1.8.

Although much of the information in Section 6.1.8 is descriptive of wells owned and operated by

Powertech (USA), plugging and abandonment procedures are applicable to any well determined to need

replacement. Well replacement determination is based upon whether or not the well:

i) poses a risk for aquifer contamination (determined via water quality analysis results

and well field delineation pump test(s))

ii) poses a safety risk for humans and/or animals (determined by physical condition)

iii) potentially could interfere with control of a well field (determined via well field

delineation pump test(s))

iv) and if the integrity of the well is compromised and will not pass testing requirements

(determined by MIT).

If wells are located that require plugging and abandonment the steps described in Section 6.1.8 will be

utilized to protect public health and the environment.

Each domestic well will be evaluated in detail for its potential effect on well field operations and the

possibility for migration of lixiviant during normal and unusual well field operating conditions. Should

the well be determined to be affected or present a risk of possible lixiviant migration outside of the well

field, then the well will be plugged and abandoned and a new replacement well will be provided to the

owner in an aquifer below the Inyan Kara. If the well is within X mile of the planned well field monitor
!!

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11, 2009. Page 161



POWERTECh (USA) INC. DEWEY BURDOCK TR RAI RESPONSE O&A Format February 2011

ring, it will be plugged and abandoned and replaced as described. All pertinent data evaluating the

estimated effects, risks, and plan of action for each local domestic well will be presented in the well field

hydrogeologic package for each well field.

In every monitor well ring, water levels will be monitored and compared to initial baseline levels. Any

changes in these levels will indicate changes within the well field cone of depression but will also

indicate gradient changes exterior to the well field which may flow away from the well field. The

possibility of migration of lixiviant to any domestic source outside of the monitor well ring will be

avoided by the fact that the gradient will be directed interior to the well field pattern areas at all times.

Lixiviant migration outside of the monitor ring will be controlled and monitored by the routine sampling

of monitor wells for excursion indicators, water level monitoring, and routine pattern balancing of well

field injection and production flow rates.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-13(b)
Below are comments and associated requests for information from NRC's review of water wells
located at or near the project site.

b. Appendix 2.2-A of the TR indicates that stock wells 618 and 628 tap an unknown water-
bearing zone and the Inyan Kara water-bearing zone, b.respectively. According to Figure 11 in
Appendix A, these stock wells appear to be located within a proposed wellfield area. NRC staff
notes that the construction and condition of these wells are unknown. Appendix 2.2-A of the

Technical Report indicates that stock wells 618 and 628 tap an unknown water-bearing zone
and the Inyan Kara water-bearing zone, respectively. According to Figure 11 in Appendix A,
these stock wells appear to be located within a proposed wellfield area. NRC staff notes that
the construction and condition of these wells are unknown. Please describe the applicant's
plans to address these wells if they are located in a well field, completed in the ore zone, and
to protect public health.

For each of the wells above, please provide the applicant's plans for protecting public health,

determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response: TR RAI-2.7-13(b) (TR Section 6.1.8 and TR Appendix 2.2-A)
See TRRAI-Response 2.7-12 and 13(a) above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI 2.7-13(c)
Below are comments and associated requests for information from NRC's review of water wells

located at or near the project site.

c. Appendix 2.2- A of the TR indicates that TVA wells 605, 609, 637, and 668 appear to be within
proposed wellfield areas. NRC staff notes that the condition of these monitoring wells is

unknown.

For each of the wells above, please provide the applicant's plans for protecting public health,
determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response: TR RAI-2.7-13(c) (TR Appendix 2.2-A)
See TRRAI-Response-2.7-13(a) above. Supplemental Section 5.1 concerning Powertech (USA)'s rights
by landowner agreement to replace wells. Information known about the condition of these wells
obtained post submittal is listed below. If P&A historical records are located, the records will be
submitted to the NRC.

605:
0 Has not been located at present. This well is PZ-3 from the Burdock TVA pump test and is likely

screened throughout the Inyan Kara. Field investigation reports no indication of well presence.

609:
This well is currently monitored and is screened from 903-966 feet.

Screened within the Lakota. Water levels are consistent with other Lakota wells in the area.

637:
* Has not been located at present. This well is BPZ-5 from the Burdock TVA pump test. Field

investigation reports no indication of well presence.

668:
* This is the Burdock TVA test well. It is screened from 280-555 feet, and is screened throughout

the entire Inyan Kara.

* This well will have to be plugged prior to additional pump testing and after direct verification of

the precise screened interval.

All of these wells will be additionally investigated to locate and identify their current connection to any

aquifer. With the determination of potential interference to any well field operations, these wells will

be plugged prior to well field operation.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.7-13 (d)
Below are comments and associated requests for information from NRC's review of water wells
located at or near the project site.

d. Figure 8 in Appendix 2.2-A of the TR appears to show that domestic well 16 is within or
immediately adjacent to a proposed well field area. Staff is uncertain if production at this well
field is proposed in the Lakota water bearing zone that the domestic well taps.

Response: TR RAI-2.7-13 (d) (TR Appendix 2.2-A)

Powertech (USA) has drilled a replacement well and will take Well 16 prior to well fieldoperations: See

Section TR RAI 2.7-12 and 13(a) above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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TR RAI-2.7-13 (e)
Below are comments and associated requests for information from NRC's review of water wells
located at or near the project site.

e. Appendix 2.2- A of the TR indicated that Lakota domestic wells 13 and 42 are within the
license boundary and Inyan Kara domestic wells 2,7,8,18,20,96, 115, and 135, 4002 are outside
of the license boundary in the vicinity of the site.

For each of the wells above, please provide the applicant's plans for protecting public health,
determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response: TR RAI-2.7-13(e) (TR Appendix 2.2-A)

Well 13 (section 1) and 42 (section 5) are within the PAA; well 2 is located southwest of the PAA

boundary and just south of the SD School property in section 16; well 7 (section 23) located south of the

PAA boundary; well 8 (Section 23) is approximately 1300 ft. outside the AOR; well 18 (section 9) located

west of the proposed PAA boundary just north of the SD School property. Well 20 (section 17) is outside

the AOR for the PAA; well 96 is not located within the AOR for the proposed affected area (SWSW

section 22). Well 115 (section 18) within the AOR and outside the PAA. Well 135 (section 1) within

township 8; this location is approximately 8 miles southwest of the PAA boundary. Well 4002 (section

30) located within the PAA. See TR_RAI - Figure 2.7-13(e). See Section TR RAI 2.7-12 and 13(a) above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (uSA) INC.

TR RAI-2.7-13 (f)
Below are comments and associated requests for information from NRC's review of water wells
located at or near the project site.

f. Appendix 2.2- A of the TR indicated that stock wells 17,49,38, and 61 tap either the Fall River
or Lakota water-bearing zones. These stock wells appear to be located at, or immediately
adjacent to, possible production zones.

For each of the wells above, please provide the applicant's plans for protecting public health,
determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response: TR RAI-2.7-13 (f) (TR Appendix 2.2-A)
See Section TRRAI 2.7-12 and 13(a) above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWeRTECh (USA) INC.
TR RAI-2.7-13 (q)
Below are comments and associated requests for information from NRC's review of water wells

located at or near the project site.

g. Appendix 2.2- A of the TR indicated that Lakota stock wells 12, 51, 510, 619, 620, and 650 are
located within the license boundary.

For each of the wells above, please provide the applicant's plans for protecting public health,

determining when well replacement is necessary, the means of notifying the affected parties and the
NRC staff when such a replacement is necessary, and the manner in which the potential for
contamination migration is precluded.

Response: TR RAI-2.7-13 (W) (TR Appendix 2.2-A)
See TRRAI-Response; Section TRRAI-2.7-12 and 13(a) above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.

TR RAI-2.7-14
Referring to Appendix 2.2- A of the TR, please determine and provide the "Type Use" of Lakota wells

51 and 14, which are located within the license boundary. Once their use is determined, provide

additional discussion, as needed, of the water quality risk to the well(s) from the project and any
measures that will assure environmental and humans receptors of water from a well are not subjected

to any potential diminished water quality from project operations.

Response: TR RAI-2.7-14 (TR Appendix 2.2-A)

Type Use for Lakota well 14 is unused stock; water quality risks will be assessed further via performing

pump test for Burdock Well Field I, however, the designated use is stock and is unused, therefore there

is no anticipated risk to humans or the environment from the water quality. If a potential

environmental risk or an interference with well field operation is determined via the pump test the well

would require plugging and abandonment. This well is located approximately % of a mile NW of the

proposed Burdock Well Field I, beyond the location of the monitoring well ring, therefore no

environmental or human risks are anticipated from mining operations.

Type Use for Lakota well 51 is designated as a stock well currently in use. This well is located outside the

PAA in section 9 and is approximately 1 mile east from the proposed Burdock Well Field I. Unless testing

indicates a potential for environmental risk or an interference with well field operations, no measures

will be taken to plug the well. If a potential for an environmental or human risk is indicated during

testing the measures discussed in Response to: TR_RAI-2.7-13(a) for plugging and abandonment would

apply as also discussed above.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11 2009. Page 170



POWERTECh (USA) INC.
TR RAI-2.7-15
Consistent with Section 2.7.4 of NUREG-1569, please provide a table listing the data on a parameter-
by-parameter, well-by-well or surface-water location by surface-water-location basis using

appropriate statistical methods. Include results of all field-measured parameters including elevations
and/or depth to water. For sampling locations that were dry or ice, please note that information in the
appropriate column rather than omitting the data altogether from the table. For concentrations below

the minimum detection level, please report the data as "less than" and the PQI. Based on the data
presented in the application, the staff cannot reconstruct this information with any degree of certainty

to perform an independent, statistically valid basis. Furthermore, duplicate samples should be used
only for QA/QC evaluations and should not be used for statistically evaluations.

Resoonse: TR-RAI-2.7-15 (TR Appendix 2.2-A)

See TR_RAI Response; Section RI-5 for TR_RAI Attachment RI-5 a Letter received from Energy Laboratory

on 22 October 2010 concerning Powertech (USA)'s data consistency inquiry and Appendix 2.7-G

Attachment A (Submitted December 2010) for Parameter by Parameter for Well data and surface water

data.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.
TR-RAI-2.7-16

Please provide the rationale or justification for only one location to establish the pre-operational

groundwater quality of the Sundance/Unkpapa waterbearing zone. The staff notes that several wells

are completed in the Sundance/Unkpapa aquifer; however, no samples were collected by the

applicant. Spatial variations in water quality should be determined to establish a conceptual model for

the aquifer. This information is especially important if the applicant proposes not to monitor the

Sundance/Unkpapa aquifer as the lower aquifer. Is the Sundance/Unkpapa the underlying aquifer?

Response: TR-RAI-2.7-16 (TR Section 2.6.2 and 2.7.2)

The Morrison formation overlays the minor Sundance aquifer and is designated as the lower confining

unit for the project (TRSection 2.6.2.2). The Morrison has an average thickness of 100' below the

project area and permeabilities range from 3.9 x 10.9 cm/sec to 4.2 x 108 cm/sec. Furthermore it is

uncommon for the Sundance to serve as a water source in this area due to the depth and low flows

encountered (See TRSection 2.7.2.1.6).

During the development and into the 2007-2008 baseline sampling program there was only one

Sundance well (#635) within the AOR. Well into the baseline sampling effort other Sundance wells were

drilled by Powertech (USA) for pump test purposes; these additional Sundance wells were completed

just 1-3 months prior to the end of baseline sampling.

The Sundance/Unkpapa is considered a minor underlying aquifer. For more information regarding the

testing efforts (past, present, and future) for this aquifer refer to TR Section 2.7.2.2.8. Powertech (USA)

is cautious when determining quantity and location of holes that penetrate the proposed project's lower

confining unit. Fewer intrusions through the underlying Morrison unit prove to be more protective to

the minor aquifers below during mining activities.

II

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11, 2009. Page 172



POWERTECh (USA) INC.

TR-RAI-2. 7-17
The heading in Table 2.7-3 implies that a parameter concentration exceeds a Maximum Contaminant
level even for those parameters that do not have an MCL. Please explain whether or not the applicant

was referring to standards other than MCLs.

Response: TR-RAI-2.7-17
The heading for Table 2.7-3: PKFQWin Flood Estimate Results for Beaver Creek and is located in TR

Section 2.7.1.4.2. Powertech (USA) believes that Table 2.7-35 is the actual table in question.

For this table, the column title "EPA Maximum Contaminant Level (MCL)" refers to various limits as

listed below in the footnotes. These include EPA maximum contaminant level for primary drinking

water standards, secondary drinking water standards, health advisory limits, EPA Region 8 permit limits,

treatment action limits, and proposed MCLs.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.
TR RAI-2.7-18
The applicant identified 48 sub impoundments in the application. The applicant did not provide
summary data on the eight sub impoundments (Sub12 through Sub19). The staff cannot determine
whether or not the subset of impoundments is representative of the 48 impoundments without that
information. Please address this comment.

Response: to TR RAI-2.7-18 (TR Section 2.7.3.1)

The apparent data gap (Sub 12 - Sub 19), in Table 2.7-24 initially included the eight (8) stream surface

water sampling sites within Pass Creek, Beaver Creek and the Cheyenne River basins. However, these

sites were removed from the sequential numbering of the sub impoundments, because they are of a

stream sample type. The eight stream sampling locations not included in Table 2.7-21 are designated as

BVC01, BVC04, CHRO1, CHRO5, PSCO1, PSC02, BENO0, and UNTO1.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Renort Submitted Aueust 11. 2009. D,-. I 'A
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POWERTECh (USA) INC.

TR RAI-2.7-19
The analytical data includes results for the dissolved, suspended and total analyzed fractions of a
constituent at one or more sampling events at a single location. The applicant did not discuss
differences/relationships between the various fractions and at times appears to include more than
one fraction in a statistical analysis. Please clarify the analytical results as discussed above.

Response: to TR RAI-2.7-19 (TR Section 2.7.3.1)

Based on guidance contained in RG 4.14 (p.4.14-3), both groundwater and surface water samples are to

be analyzed for dissolved and suspended radionuclide fractions. Also see "Table 1 Preoperational

Radiological Monitoring Program for Uranium Mills" (p.4.14-8) for this same guidance. RG 4.14 states

"Groundwater samples from sources that could be used as drinking water for humans or livestock or

crop irrigation should also be analyzed for suspended natural uranium, thorium-230, radium-226,

polonium-210, and lead-210." Therefore, the applicant will determine the concentrations of both

dissolved and suspended radionuclide fractions in the groundwater and surface water radionuclide

samples to be collected and analyzed on a quarterly basis. The dissolved fraction will be compared

against the baseline dissolved fraction. In the case of drinking water or stock water wells, the

suspended fraction will also be compared against the baseline suspended fraction. The comparison of

total concentrations in the application was simply for added information and was not intended to be an

indication that total concentrations will be used to compare operational data to baseline data.

It is important to clarify that while the thorium-232 analytical results appear to be positive, they are all

essentially non-detect (ND), or less than the PQL. The data tables generally show a value of 0.0025 mg/I,

which is one-half the value of the PQL, 0.005 mg/I, which is typical protocol when calculating statistics.

Consequently, with no or negligible concentrations of thorium-232, very few analyses of radium-228

were performed.

After re-examining the groundwater radionuclide data, it became apparent that there could be some

confusion regarding the recordation of suspended, dissolved and total concentrations. To clarify, the

results recorded for "total" are only those analyses for total concentration, and not the sum of the

suspended and dissolved fractions.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.
TR RAI-2.7-20
The applicant includes surface impoundment SubO5 in the surface water monitoring program.

However, sampling results for surface impoundment SubO5 are not presented in the application nor is

the lack of results discussed. Please explain this lack of data.

Response: to TR RAI-2.7-20 (TR Section 2.7.3.1)

Surface impoundment Sub05 was dry at the time of sampling.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.

TR RAI-2.7-21
On Page 2-195, the applicant indicates that water quality data were collected during the 2008
pumping test at additional wells listed in a table entitled "Additional Well Data', however, the data
are not presented in the application in either Appendix 2.7-G (Groundwater Quality Data), a table
entitled "Additional Water Quality Data and Statistics by Well" in Appendix 2.7-1, or Appendix 2.7-B
2008 (Pumping Tests: Results and Analyses). Please address this discrepancy.

Response: to TR RAI-2.7-21 (TR ApDendix 2.7-G)

The table on page 7 of Appendix 2.7-1 includes statistics for groundwater constituents at or above PQL

for 14 wells, including the nine wells that were sampled once during the 2008 pumping test.

Attachment A to Appendix 2.7-G for the new table prepared which includes the water quality results for

each parameter and date of event for samples obtained from these nine wells during the 2008 pumping

test.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted Aueust 11. 2009. D,.. 1717
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POWERTECh (USA) INC.

TR RAI-2.7-22
Please address discrepancies in the following data.

" Data for Well 2 in Appendix 2.7-G differ from the data for Well 2 in
Appendix 2.7-1.

" Data for Well 7 in Appendix 2.7-1 list an additional sampling event from

the data for Well 7 in Appendix 2. 7-G.

Response: TR RAI-2.7-22 (TR Appendix 2.7-G)
See attached revised tables for Appendix 2.7-G below

Revised Table for Appendix 2.7-G inserted for water quality data for well #2 and well #7.

Data submitted in Appendix 2.7-G for sampling event 2/12/2008 regarding well # 2 is well data

specific to sampling event 2/12/2008 for well #4. Data submitted in Appendix 2.7-1 is the correct

data for all sampling events regarding the specified well #2.

Five sampling events occurred during 2007-2008 for well #7, therefore Appendix 2.7-1

represents the correct number and data for each sampling event that occurred for this well

during baseline characterization.

Question and Answer Response to the U.S. NRC's Request for Additional Information

Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.

Revised Table for Appendix 2.7-G: Water Quality Data for Well #7

Well #7
Analyte 10/3/2006 11:12 9/28/2007 17:28 11/12/2007 8:20 2/20/2-008 8:45 5/29/2008 11:10

A/C Balance (± 5) (%) -3.73 1.13 -2.5 8.11

Actinium 228-Dissolved <20
Alkalinity-Total as CaCO3 170 176 170 170 170
Aluminum-Dissolved (mg/L) <0.1 <0 <0.1 <0.1 <0.1
Americium 241-Dissolved <20 7 7 1

Ammonia (mg/L) 0.4 0.3 0.4 0.3 0.3
Anions (meq/L) 14.1 15.6 15.9 14.4

Antimony-Total (mg/L) <0.003 <0.003

Arsenic-Dissolved (mg/L) <0.01 <0.001 <0.001 <0.001 <0.001
Arsenic-Total (mg/L) <0.001 0.003
Barium 133-Dissolved (pCi/L) <20

Barium-Dissolved (mg/L) <0.1 <0.1 <0.1 <0.1 <0.1
Barium-Total (mg/L) <O.1 <0.1

Beryllium-Total (mg/L) <0.001 <0.001

Bicarbonate as HCO3 (mg/L) 210 215 207 207 207
Bismuth 212-Dissolved (pCi/L) <20

Bismuth 214-Dissolved (pCi/L) 300

Bismuth precision (±) (pCi/L) 18

Boron-Dissolved (mg/L) <0.1 <0.1 <0.1 <0.1 <0.1
Boron-Total (mg/L) <0.1 <0.1

Cadmium-Dissolved (mg/L) <0.001 <0.005. <0.005 <0.005 <0.005
Cadmium-Total (mg/L) <0.005 <0.005

Calcium-Dissolved (mg/L) 37 30 36 32.9 42.1
Carbonate as C03 (mg/L) <5 <5 <5 <5 <5
Cations (meq/L) 13 15.9 15.1 17

Cesium 134-Dissolved (pCi/L) <20

Cesium 137-Dissolved (pCi/L) <20

Chloride (mg/L) 13 12 12 11 11
Chromium-Dissolved (mg/L) <0.01 <0.05 <0.05 <0.05 <0.05
Chromium-Total (mg/L) <0.05 <0.05

Cobalt 60-Dissolved (pCi/L) <20
Conductivity @ 25 C 1530 1490 1440 1600 1650
Copper-Dissolved (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01
Copper-Total (mg/L) <0.01 <0.01

Fluoride (mg/L) 0.37 0.3 0.4 0.3 0.4
Gross Alpha precision (±) 0.8

Gross Alpha-Dissolved (pCi/L) 17 4.4 7.2 15.5 3.3
Gross Beta precision (±) 1.6

Gross Beta-Dissolved (pCi/L) 16 5 14.9 10.1 9.6

Gross Gamma-Dissolved <20 1200 130 77
Iodine 125-Dissolved (pCi/L) <20

Iron-Dissolved (mg/L) . <0.03 <0.03 <0.03 <0.03 <0.03

Iron-Total (mg/L) 0.41 0.41

Lead 210-Dissolved (pCi/L) ' _<1 <1 24 0.5

Lead 210-Suspended (pCi/L), <1 <1 <1 -7.4

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.

Well #7
Analyte 10/3/2006 11:12 9/28/2007 17:28 11/12/2007 8:20 2/20/2008 8:45 5/29/2008 11: 10

Lead 210-Total (pCi/L) _ _ _ <1

Lead 212-Dissolved (pCi/L) <20

Lead 214 precision (±) (pCi/L) 30

Lead 214-Dissolved (pCi/L) 350

Lead-Dissolved (mg/L) <0.01 <0.001 <0.001 <0.001 <0.001

Lead-Total (mg/L) <0.001 <0.001

Magnesium-Dissolved (mg/L) 16 11.5 15.3 14 18.2

Manganese 54-Dissolved <20
Manganese-Dissolved (mg/L) 0.03 0.03 0.03 0.03 0.03

Manganese-Total (mg/L) 0.03 0.03

Mercury-Dissolved (mg/L) <0.001 <0.001 <0.001 <0.001
Mercury-Total (mg/L) <-.001 •0.0002 <0.001 <D.001 <0.0001

Molybdenum-Dissolved (mg/L) <0.005 <0.1 <0.1 <0.1 <0.1

Molybdenum-Total (mg/L) <0.01 <0.1

Nickel-Dissolved (mg/L) <0.01 <0.05 <0.05 <0.05 <0.05

Nickel-Total (mg/L) <0.05 <0.05

Nitrogen, Nitrate as N (mg/L) <0.1 0.1 <0.1 <0.1

Nitrogen, Nitrite as N (mg/L) <0.1 <0. i <0.1 <0.1 <0.1

Non-polar organic materials <5

Oxidation-Reduction Potential 210 180 210

pH 8.08 8.13 8.05 8.14 8.17

Polonium 210-Dissolved <1 2.1 <1

Polonium 210-Suspended <1 <1 <1 -0.1

Polonium 210-Total (pCi/L) <1

Potassium 40-Dissolved (pCi/L) <20

Potassium-Dissolved (mg/L) 10 11 11.1 10.8 11
Radium 223-Dissolved (pCi/L) <20

Radium 224-Dissolved (pCi/L) <20

Radium 226 precision (L) 0.6

Radium 226-Dissolved (pCi/L) 2.6 0.6 1.1 0.7 0.9

Radium 226-Suspended (pCi/L) <0.2 <0.2 <0.9 -0.3

Radium 226-Total (pCi/L) <0.2

Radium 228-Dissolved (pCi/L) <1

Radon 222-Total (pCiIL) 206 242 451

Selenium-Dissolved (mg/L) <0.005 <0.001 <0.001 <0.001 <0.001

Selenium-IV-Dissolved (mg/L) _ _<0.001 <0.001 <0.001

Selenium-Total (nrg/L) <0.001 <0.001

Selenium-VI-Dissolved (mg/L) _ _<0.001 <0.001 <0.001

Silica-Dissolved (mg/L) 7 7.5 7.8 7.5 4.1

Silver-Dissolved (mg/L) <0..005 <0.005 <0.005 <0.005 <0.005

Silver-Total (mg/L) Sodium <0.005 <0.005

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INC.

Well #7
Analyte 10/3/2006 11:12 9/28/2007 17:28 11/12/200.7 8:20 2/20/2008 8:45 5/29/2Q08 11:10

Sodium Adsorption Ratio 10 10 9.7
(SAR)(meq/L)

Sodium-Dissolved (mg/L) 270 237 289 276 300

Solids-Total Dissolved 896 1040 1050 1010

Solids-Total Dissolved TDS @ 1000 1000 1000 990 966
180C

Strontium-Total (mg.L) 1 1.1

Sulfate (mg/L) 546 586 567 583 514

TDS Balance (0.80 - 1.20) 1.16 0.98 0.94 0.95

Thallium 208-Dissolved (pCi/L) <20

Thallium-Total (mg/L) _Z_.001 <0.001

Thorium 228-Dissolved (pCi/L) <20

Thorium 230-Dissolved (pCi/L) <0.2 <0.2 <0.2

Thorium 230-Suspended <0.2 <0.2 0.2 0.2

Thorium 230-Total (pCi/L) <0.2

Thorium 232-Dissolved (pCi/L) <0.005 <0.005 <0.005 <0.005
Thorium 234-Dissolved (pCi/L) <20

Uranium 238-Dissolved (pCi/L) <20

Uranium-Dissolved (mg/L) <0.001 <0.0003 <0.0003 <0.0003 <0.0003
rUranium-Suspended (mg/iL) <0.0003 <0.0003 <0.0003 <0.0003

Uranium-Total (mg/L) <0.0003 <0.0003

Vanadium-Dissolved (mg/L) <0.1 <0.1 <0.1 <0.1 <0.1

Water Temperature (lab, deg F) 48
Zinc 65-Dissolved (pCi!L) <20

Zinc-Dissolved (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01

Zinc-Total (mg/L) I <0.01 <0.01

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
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POWERTECh (USA) INc.

Revised Table for Appendix 2.7-G: Water Quality Data for Well #2

Well #2
Analyte 9/26/2007 12:46 11/12/2007 9:25 2/12/2008 10:21 5/30/2008 15:21
A/C Balance (± 5) (%) -2.46 0.663 -2.6 3.25
Alkalinity-Total as CaCO3 (mgaL) 214 208 88 212
Aluminum-Dissolved (mg/L) <0.1 <0.1 <0.1 .<0.1
Ammonia (mg/L) <0.1 0.4 0.8 0.3
Anions (meq/L) 16.7 16.5 53.3 16.6
Antimony-Total (mg/L) <0.003 <0.003
Arsenic-Dissolved (mg/L) <0.001 <0.001 <0.001 <0.001
Arsenic-Total (mg/L) <0.001 0.004
Barium-Dissolved (mg/L) <0.1 <0.1 <0.1 <0.1
Barium-Total (mgaL) <0.1 <0.1
Beryllium-Total (mg/L) <0.001 <0.001
Bicarbonate as HCO3 (mag/L) 261 254 107 258
Boron-Dissolved (mg/L) <0.1 <0.1 0.7 0.1
Boron-Total (mgfL) 0.6 <0.1
Cadmium-Dissolved (mg/L) <0.01 <0.005 <0.005 <0.005
Cadmium-Total (mg./L) <0.005 <0.005
Calcium-Dissolved (m.g/L) 48.5 51.7 241 57.8
Carbonate as C03 (ma.L) <5 <5 <5 <5
Cations (meg/L) 15.9 16.7 50.6 17.7
Chloride (mg/L) 10 11 26 9
Chromium-Dissolved (mg/L) <0.05 <0.05 <0.05 <0.05
Chromium-Total (mg/L) , <0.05 <0.05

Conductivity ( 25 C (umhos/cm) 1570 1500 4400 1670
Copper-Dissolved (mg/L) <0.01 <0.01 <0.01 <0.01
Copper-Total (mg/L) <0.01 <0.01

Fluoride (mg/L) 0.2 0.2 0.4 0.3
Gross Alpha-Dissolved (pCi/L) 1.4 8.7 3.5 8.2
Gross Beta-Dissohed (pCi/L) 9.3 12.4 14.4 10.3
Gross Gamma-Dissolved (pCi/L) <20 .-260 <20
Iron-Dissolved (mg/L) <0.03 <0.03 <0.03 <0.03
Iron-Total (mg/L) 1.32 1.54
Lead 210-Dissolved (pCi/L) <1 <1 <1 3.1
Lead 21O-Suspended (pCi/L) <1 <1 <1 1.4
Lead 210-Total (pCi/L) <1
Lead-Dissolved (mg/L) <0.05 <0.001 <0.001 <0.001
Lead-Total (mg/IL) <0.001 <0.001
Magnesium-Dissolved (mgL) 15.8 16.6 87 19
Manganese-Dissolved (mg/L) 0.08 0.08 0.07 0.08
Manganese-Total (mg/L) 0.06 0.09
Mercury-Dissolved (mg/L) <0.0002 <0.001 <0.001 <0.001
Mercury-Total (mg/L) <0.001 <0.001 <0.001 <0.0001
Molybdenum-Dissolved (mg/iL) <0.1 <0.1 <0.1 <0.1
Molybdenum-Total (mg/L) 0.02 <0.1
Nickel-Dissolved (m?_!L) <0.05 <0.05 <0.05 <0.05
Nickel-Total (mg/L) <0.05 <0.05
Nitrogen, Nitrate as N (mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen, Nitrite as N (mg/L) <0.1 <0.1 <0.1 <0.1
Oxidation-Reduction Potential (m V) 140 120 190
pH 7.91 7.85 7.94 7.92
Polonium 210-Dissolved (pCi/L) <1 2 2.7 0.1
Polonium 210-Suspended (pCi/L) <1 <1 <1
Polonium 210-Total (pCi/L) <1
Potassium-Dissolved (mg/L) 11.5 11.4 7.8 11
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Well 42
Analyte 9/26/2007 12:46 11/12/20079:25 2/12/2008 10:21 5/30/2008 15:21
Radium 226-Dissolved (pCi/L) <0.2 1.3 1.1 2.1
Radium 226-Suspended (pCi/L) 2.2 <0.2 0.7 0.2
Radium 226-Total (pCi/L) 2.2
Radon 222-Total (pCi/L) 674 908 727
Selenium -Dissolved (mg/L) <0.001 <0.001 <0.001 <0.001
Selenium-IV-Dissolved (m g/L) <0.001 0.001 <0.001
Selenium-Total (mg/L) 0.002 <0.001
Selenium-VI-Dissolved (mg/L) <0.001 0.001 <0.001
Silica-Dissolved (maL) 8 8.1 10.2 4.3
Silver-Dissolved (mg/L) <0.01 <0.005 <0.005 <0.005
Silver-Total (mg/L) <0.005 <0.005
Sodium Adsorption Ratio (SAR) (meq/L) 8.8 10 8.7
Sodium-Dissolved (mg/L) 273 286 716 297
Solids-Total Dissolved Calculated (mg/L) 1070 1090 3600 1110
Solids-Total Dissolved TDS @ 180 C(mg/L) 1100 1100 3700 11(00
Strontium-Total (mg.L) 5.7 1.8
Sulfate (mg/a,) 583 577 2440 579
TDS Balance (0.80 - 1.20) (dec.%) 1 0.97 1.02 0.96
Thallium-Total (mg/L) <0.001 <0.001
Thorium 230-Dissolved (pCi/L) <0.2 <0.2 <0.2
Thorium 230-Suspended (pCi/L) <0.2 <0.2 <0.2 0.1
Thorium 230-Total (pCi/L) <0.2
Thorium 232-Dissolved (pCi/L) <0.001 <0.005 <0.005 <0.005
Uranium-Dissolved (mg/L) <0.0003 <0.0003 0.0004 <0.0003
Uranium-Suspended (mg/L) 0.0003 <0.0003 <0.0003 <(.0003
Uranium-Total (m g/L) 0.0004 <0.0005 <0.0003
Vanadium-Dissolved (mg/L) <0.1 <0.1 <0.1 <0.1
Zinc-Dissolved (mg/L) Zinc-Total (mg/L) <0.01 <0.01 <0.01 <0.01
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TR RAI-2.7-23
The mean value for radon for well #18 is 5 pCi/L in Appendix 2.7-1; however, this mean is not
consistent with the listed range in data values (762-1210 pCi/L). Please explain this apparent
discrepancy.

Response: TR RAI-2.7-23
Appendix 2.7-1 is in error, therefore, what seems to be 5pCi/L is actually the 5 from the number 1079.75.

The columns should read 1079.75 pCi/L and the range of data vary from 762 pCi/L to 1220 pCi/L.
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Backaround Radiologickal Characteristics 2.9
The applicant has not provided sufficient information regarding background radiological characteristics.
Background radiological characterization is necessary to determine whether the applicant's future
operations will affect human health and the environment. Specifically, the staff is requesting the

following information.

TR RAI-2.9-1
Regulatory Guide 4.14 provides criteria for determining air particulate sampling locations. NRC staff

cannot locate the applicant's criteria for determining air particulate sampling locations in section 2.9
of the TR. Consistent with Regulatory Guide 4.14 and NUREG-1569, Acceptance Criterion 2.9.3(1),
provide the criteria used to establish air particulate sampling locations or indicate where this
information can be found in the TR.

Response: TR RAI-2.9-1 (TR Section 2.9.6.1 Methods)
Methods

NUREG 1569 (NRCj 2003), Section 2.9.3 states that the characterization of the site background

radiological characteristics is acceptable if the monitoring programs, including sampling frequency,

methods, locations and density are established in accordance with pre-operational monitoring guidance

provided in Regulatory Guide (RG) 4.14, Revision 1, Section 1.1 (NRC, 1980). In addition, air monitoring

stations are to be located in a manner consistent with the principal wind directions as discussed in

Section 2.5 of NUREG 1569. The predominant wind directions at the site, as shown in the annual wind

rose in Appendix 2.5-C of the Technical Report (TR), are from the northwest and the southeast.

Demonstration of how the pre-operational air particulate monitoring locations meet or exceed the

recommendations in RG 4.14 is shown below.

Table 2.9-11 compares the air monitoring station locations suggested by RG 4.14 to those established

for the site. The locations of the air monitoring stations are shown on Figure 2.9-8 (p. 2-325) of the TR.

The air monitoring locations suggested by RG 4.14 were developed for a conventional uranium mill. The

"site boundary" for a conventional uranium mill is typically the restricted area and members of the

public are precluded from entering the restricted area. Uranium in-situ recovery operations typically

have a restricted area around the central processing plant much like a conventional mill, but the site

boundary includes the well fields and !represents a much larger area. In addition, it is not uncommon for

residences to be located within the "site boundary" at a uranium in-situ recovery facility. This scenario

changes the monitoring focus from' the site boundary in the case of conventional mills, to actual

receptors in the case of in-situ recovery operations.

The number of air monitoring locations at the site is consistent with the guidance in RG 4.14 and

exceeds the minimal recommendation of four locations. The number and locations reflect the change of

emphasis from permit boundary to receptor monitoring as discussed in Table 2.9-11.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Tprhnirl Rpnnrt Shmittpd AHwmgt 11 ?2 q ,, Paap 1R.1;



POWERTECh (USA) INC.

k Table 2. 9- 1:~ reaulatorii Guide 4.14 4recommnended versus actual air monitorina locations.
Tab 2.9-11: Reaulatorv Guide 4.14liecommended ve us actual air monitorina locations.

Requlatory Guide 4.14
SuaaestPd Location

Actual Dewey Burdock Pre-Operational Monitorinq Locations

---------.- I.
Three locations at or near
the site boundary

AMS-01 '!is near the eastern permit boundary of the southern portion of the
site; approximately 2 kilometers (km) east of the proposed central
processing plant (CPP). AMS-01 was positioned here to evaluate particulate
emissions potentially resulting from disturbed areas associated with existing
open pit uranium mines to the west and northwest of this location.

AMS-02. is near the site boundary in the center of the site. It is
approximately 3.5 km east southeast of the proposed satellite facility in the
northern portion of the site and 2.5 km northwest of the proposed CPP in
the southern portion of the site. This location includes a residence. AMS-02
was positioned here to evaluate particulate emissions potentially resulting
from both the proposed satellite facility and the CPP at a residence and
permit boundary receptor 'in predominant wind directions from both
proposed facilities.

AMS-03 'is near the northwest site boundary of the northern portion of the
site. It is approximately 2 km northwest of the proposed satellite facility.
This location includes a residence. AMS-03 was positioned here to evaluate
particulate emissions potentially resulting from the proposed satellite
facility at a residence and permit boundary receptor in a predominant wind
direction.

AMS-06 is near the southwest permit boundary of the southern portion of
the site. It is approximately 3 km southwest of the proposed CCP. Currently
no residents are at this location. AMS-06 was positioned here to evaluate
potential particulate emissions from the proposed CCP at a boundary
receptor' southwest of the CCP.

Regulatory Guide 4.14
Suggested Location

Actual Dewey Burdock Pre-Operational Monitoring Locations

If within 10 kilometer of
the site, an air sampler
should be at or near the
structure with the highest
predicted airborne
radionuclide
concentration due to
milling operations and at
or near at least one
structure in any area
where predicted doses
exceed five percent of the
standards in 40 CFR Part
190.

AMS-04 is approximately 4 km north of the proposed satellite facility in the
northern portion of the site. This location includes a residence within the
town of Dewey. AMS-04 was positioned here to evaluate potential

emissions from the proposed satellite facility in the town of Dewey.

AMS-05 is approximately 5 km south of the proposed CPP in the southern
portion of the site. This location includes a residence and is near Dewey
Road and the Burlington Northern Railroad. AMS-05 was positioned here to
evaluate", potential emissions from the proposed .CPP as well as from trains
hauling coal from the Powder River Basin of Wyoming.

AMS-07 is approximately 7 km south of the proposed CPP in the southern

portion of the site. This location includes a residence and is near Dewey
Road arn'd the Burlington Northern Railroad. It was positioned here to
evaluate,! potential emissions from trains hauling coal from the Powder River
Basin of Wyoming.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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A remote location that
represents background

conditions at the mill site.

AMS-BKG is approximately 7 km south of the proposed satellite processing
plant and 6 km east southeast of the. proposed CPP. AMS-BKG is in one of

the least prevalent wind directions from both the proposed satellite plant
and the CPP. It is also located away from the Burlington Northern Railroad.
It is expected that this location would be unaffected by mining or other
related uranium recovery operations.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.9-2
Regulatory Guide 4.14 recommends that filters for continuous air samples be changed weekly or more

often as required by dust loading. In Section 2.9.6.1 of the TR, the applicant stated that filters were

collected approximately bi-weekly, prior to saturation. Please provide information (e.g., operating

procedures, test results, etc.) on how the applicant determined filter saturation.

Response TR RAI-2.9-2(TR Section 2.9.6.1)
Methods

No attempt was made to determine the level of filter saturation or dust loading. An approximately bi-

weekly filter collection was chosen for the following reasons:

1. The high volume air sampler model.number was an HVP-4200AFC manufactured by Hi-Q Environmental

Products Company, San Diego, CA. This air sampler contains a three stage centrifugal blower powered

by a brushless, variable speed motor. The motor speed is controlled by a programmable logic controller

that accepts input from a mass air flow sensor placed in the air flow path downstream of the filter

paper. Any changes in the pre-set flow rate due to changes in dust loading, barometric pressure and

temperature are detected by the air flow sensor. The programmable logic controller compensates for

these changes by adjusting the motor speed to maintain the pre-set flow rate.

2. If dust loading is large enough that the motor cannot adjust air flow to compensate, the air flow rate will

decrease. The HVP-4200AFC contains an air flow totalizer Which can be reset at the time of the filter

change out. If an unforeseen dust loading event occurs that overcomes the motor's ability to

compensate and the air flow is reduced, the total volume of air sampled is still known.

3. The Dewey Burdock area is in rural South Dakota. Given the site location, coupled with the features of

the samplingunit described above, it was not expected that total suspended particulate concentrations

in air would interfere with air flow rates over a two week period.

4. Filters were composited quarterly and sent to the laboratory. At the laboratory, all the filters within the

composite were digested together, using acid. The digestate was then analyzed for the appropriate

radionuclides. The glass fiber filters contain materials which can interfere with radiochemical

procedures at the vendor laboratory. Limiting the number of filters by collecting quarterly composites

reduced the potential of sample matrix interference.
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TR RAI-2.9-3
Regulatory Guide 4.14 recommends that individual procedures should be prepared and used for

specific methods of calibrating all sampling and measuring equipment to ensure that the equipment

will operate with adequate accuracy and stability over the range of intended use. For all air sampling

equipment, please describe the procedures used by the applicant for the calibration of air sampling

and measuring equipment consistent with Regulatory Guide 4.14 or indicate where this information

can be found in the TR.

Response TR RAI-2.9-3 (TR Section 2.9.6.1)
Methods
The model number of the high volume air sampler used at the Dewey-Burdock site was an HVP-

4200AFC. The unit is manufactured by Hi-Q Environmental Products Company, San Diego, CA. The

procedure to operate and maintain this equipment is described in the manufacturer's operations and

maintenance manual (Hi-Q, 2006). -The samplers were purchased new from the manufacturer and

deployed on or near August 13, 2007. The operations and maintenance manual states that the unit is

calibrated before leaving the factory and there is no need to calibrate it upon use.

The operations and maintenance manual also states that all air flow devices should be recalibrated at

least once a.year against a traceable standard. Air monitoring was discontinued on August 13, 2008,

one year after installation.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.9-4
10 CFR 40, Appendix A, Criterion 7, requires that a preoperational monitoring program be conducted

at least one full year prior to any major site construction. The applicant stated in Appendix 2.9-A of

the TR that air particulate sampling was performed for 351 days. Consistent with 10 CFR 40, Appendix

A, Criterion 7, and Regulatory Guide 4.14 provide justification for not sampling air particulates for one

full year.

Response TR RAI-2.9-4 (TR Section 2.9.6.1)
Methods
Appendix 2.9-A of the TR describes the monitoring period for particulate sampling as the beginning of

Period 1 which is August 13, 2007 to the end of Period 5 which is August 13, 2008. The statement in

Appendix 2.9-A that the air particulate sampling was performed for 351 days is an error. Air particulate

sampling was conducted for 366 days (February 2008 contained 29 days), consistent with the

recommendations of RG 4.14.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.9-5
Table 2.9-12 (Radionuclide Concentrations in Air) of the TR presents lower limit of detection LLD values

for U-nat that are higher than what is recommended by Regulatory Guide 4.14. For those U-nat LLD

values that are higher than the Regulatory Guide 4.14, value, please provide an analysis that the

reported values are consistent with Regulatory Guide 4.14 or justification for providing alternate

values.

Response TR RAI-2.9-5 (TR Section 2.9.6.2)
After review of Table 2.9-12 of the TR, it was identified that Periods 1 through 5 in the table do not

correspond to Periods 1 through 5 described in the text. The information in Tables 2.9-12 and 2.9-13

has been revised to reflect the appropriate monitoring periods. Relevant text within Section 2.9.6.2 of

the TR has also been revised as provided in the response to RAI TR-2.9-7.

It was identified in the first two laboratory reports (Periods 1 and 2) that the detection limit for natural

uranium would not meet the U-nat LLD recommendations contained in RG 4.14. The laboratory was

contacted to determine whether the samples could be re-analyzed with more sensitivity and instruct the

laboratory that future samples would have to meet the more restrictive sensitivity requirements. The

laboratory indicated that all the sample solution (i.e., air filter digestate) had been used in the analysis

and the samples could not be re-run. The laboratory did commit to meeting the more restrictive

sensitivity requirements for future samples.

The U-nat results for sampling Periods I and 2 range from 1.4 E-16 to 7.1E-15 VCi/ml with an average of

2.9E-15 pCi/ml. The maximum value (7.1E-15 pCi/ml) is 7.9 percent of the most restrictive effluent

concentration for natural uranium (Class Y) listed in Appendix B, Table 2 of 10 CFR 20. It is clear that the

maximum LLD for natural uranium is still sufficiently sensitive to demonstrate compliance with the

requirement of 10 CFR §20.1302.
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TR RAI-2.9-6

In Section 2.9.6.1 of the TR, the applicant describes how laboratory data for air particulate monitoring

results were converted from picocuries per filter composite to units of microcuries per milliliter.

However, natural uranium (U-nat) results are reported as milligram per filter composite. Please

demonstrate how the U-not concentration in microcuries per milliliter was derived from the value in

milligram per filter composite.

Response TR RAI-2.9-6 (TR 2.9.6.1)

The specific activity for natural uranium contained in Footnote 3 to 10 CFR Part 20 Appendix B was used

to convert from mass to activity units. Footnote 3 states that the specific activity of natural uranium is

6.77E-7 curies per gram uranium. By unit conversion this is equivalent to 677 picocuries per milligram of

uranium. Once the results of uranium per filter composite in milligrams were converted to picocuries

per filter composite, the equation in Section 2.9.6.1 of the TR was used to convert the result to an air

concentration in units of microcuries per milliliter.
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'TR RAI-2.9-7
NRC staff notes that the air particulate monitoring collection time periods are not consistent in the

main body of the TR (p. 2-358) and Appendix 2.9-A (Page 16) of the same report. Specifically, the

beginning dates for period I and ending dates for period 2 are not the same. Please address this

discrepancy in the collection dates.

Response TR RAI-2.9-7 (TR Section 2.9.6.1, 2.9.6.2 and TR Section 2.9.6.3)
The air particulate monitoring collection time periods described in Appendix 2.9-A (p.16) are correct.

The collection time periods and associated calculations in the TR should be revised as provided in

replacement pages for section 2.9.6.1, 2.9.6.2, 2.9.6.3 to reflect the correct monitoring periods. The

associated calculations in Appendix 2.9-A are not reported correctly and have also been revised as

provided in replacement pages for Section 8.1.1 and 8.2.1, to reflect the correct monitoring periods.

TR Section 2.9.6.1 High Volume Air Sampling

Eight Hi-Q Model HVP-4200AFC high volume air samplers were established within and surrounding the

proposed permit area. The samplers operated nearly continuously from August 2007 to August 2008.

The locations of the air samplers are shown on Figures 2.9-8 and 2.9-13. Each high volume air sampler

was equipped with an 8-in. by 10-in. 0.8 micron glass fiber filter paper. The air filters were collected

approximately bi-weekly, prior to saturation, from each of the eight air samplers. Flow rate and total

flow data were recorded at the same time. Over the course of 366 days, the filters were collected as

follows:

* Period 1: August 13 to October 2, 2007

* Period 2: October 2, 2007 to January 4, 2008

* Period 3: January 4 to April 1, 2008.

* Period 4: April 1 to July 9, 2008

* Period 5: July 9 to August 13, 2008

The filters were composited and digested by the external analytical laboratory. The samples were

analyzed for radium-226, thorium-230, natural uranium, and lead-210, using the same methods as listed

for the soil samples.

A blank set of filter composites was also submitted to the laboratory for analysis with the
composite samples to evaluate the radionuclide content of the filter material.

The laboratory data were reported in units of picocuries per filter composite (pCi/f). The data
were converted to units of microcuries per milliliter (lICi/ml), as follows:

Question and Answer Response to the U.S. NRC's Request for Additional Information
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Concentration, PCi / l = Filter Concentration - Blank (1.10 -'2

Tolafliow

The units of total flow and filter concentration in the equation are cubic meters and pCi/f, respectively.

The resulting concentrations for each radionuclide and high volume sampler were compared to effluent

concentration limits listed in Table 2 of 10 CFR 20 Appendix B and reported in Table 2.9-12 as

percentages of the respective effluent limits. The most conservative effluent limits were applied to

thorium-230 (2*1014 pCi/ml) and lead-210 (6*1013 pCi/ml). The Class D and W limits were applied to

natural uranium (3"10-12 liCi/ml) and radium-226 (9*10-13 pCi/ml), respectively.

TR Section 2.9.6.2 Air Particulate Sampling Results

In general and relative to one another (e.g., natural uranium to radium-226), the average concentrations

of radionuclides were consistent at each location from period to period. The radionuclide with the

lowest average concentration was radium-226, followed by thorium-230, natural uranium, and lead-210.

Average radium-226 concentrations were several orders of magnitude lower than lead-210

concentrations. The data are listed in Table 2.9-12 and summarized as averages and ranges in Table 2.9-

13.

Site-wide, the data can be summarized as follows:

" Natural uranium concentrations ranged from -3.0*1017 to 1.5*10-14 pCi/ml and averaged 1.4*10
15 pCi/mIl.

" Thorium-230 concentrations ranged from -1.5*1018 to 5.6*1017 pCi/ml and averaged 1.2*1017

pCi/ml.

* Radium-226 concentrations ranged from -4.9*10-17 to 5.3*1017 pCi/ml and averaged 1.6*10-18

lpCi/mI.

* Lead-210 concentrations ranged from 6.0*10-15 to 4.1*1014 pCi/ml and averaged 1.5*10-14

pCi/ml.

There are no clear patterns in the radionuclide concentrations, when evaluating them spatially or

temporally. Natural uranium concentrations at each location fluctuated between the orders of 10-17 and

1014 pCi/ml over the course of monitoring. The high end of this range occurred in the first monitoring

period and is likely due to the low sensitivity of the uranium analytical results and not actual uranium

concentrations in air. The uranium concentrations in air for the first monitoring period were reported at

their detection limits. Thorium-230 concentrations fluctuated between the orders of 1017 and 10i"

pCi/ml. Radium-226 concentrations fluctuated between the orders of 1017 and 1018 pCi/ml. Finally,
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lead-210 concentrations at each location were all on the order of 10-14 IlCi/ml over the course of

monitoring.

In terms of comparison to 10 CFR 20 Appendix B effluent concentrations, the data can be summarized as

follows:

* Natural uranium concentrations were 0.0 to 0.5 percent of its effluent concentration.

" Thorium-230 concentrations were 0.0 percent of its effluent concentration.

" Radium-226 concentrations were 0.0 percent of its effluent concentration.

" Lead-210 concentrations were 1.0 to 6.78 percent of its effluent concentration.

The LLDs, in pCi/f, reported by the laboratory for each radionuclide were converted to pCi/ml by dividing

pCi/f by the total flow in cubic meters and multiplying by 1*1012 to reflect appropriate units. Inno cases

were the LLDs higher that their respective 10 CFR 20 effluent concentration limits. The LLDs reported in

Periods 1 and 2 by the laboratory for uranium exceeded the recommendation in NRC Regulatory Guide

4.14.

The LLDs for each of the radionuclides are listed in Table 2.9-12 (Inserted into Response TRRAI-2.9-5).

TR Section 2.9.6.3 Conclusions

With the exception of natural uranium, the values determined above are similar to U.S. background

concentrations reported in the United Nations Scientific Committee on the Effects of Atomic Radiation

(UNSCEAR) Report to the General Assembly, Sources and Effects of Ionizing Radiation, Annex B. The

regional concentrations reported in this reference document are: uranium-238 (2.4*10-17 to 1.4*10-16

pCi/ml), thorium-230 (1.6*10-17 pCi/ml), radium-226 (1.6*1017 pCi/ml), and lead-210 (2.7*10is to

2.7*10-14 ICi/ml).
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Revisions to Appendix 2.9-A

8.1.1 High Volume Air Sampling

Airborne particulates were collected using the Hi-Q high volume air samplers. The samplers operated

continuously from August 2007 to August 2008. The locations of the air samplers are shown on Figure 4-

1.

Each high volume air sampler was equipped with an 8-in. by 10-in. 0.8 micron glass fiber filter paper. The

air filters were collected approximately bi-weekly, prior to saturation, from each of the eight air

samplers. Flow rate and total flow data were recorded at the same time. Over the course of 366 days,

the filters were collected as follows:

* Period 1: August 13 to October 2, 2007

* Period 2: October 2, 2007 to January 4, 2008

* Period 3: January 4 to April 1, 2008.

* Period 4: April 1 to July 9, 2008

* Period 5: July 9 to August 13, 2008

The filters were composited and digested by the external analytical laboratory. The samples were

analyzed for radium-226, thorium-230, natural uranium, and lead-210, using the same methods as listed

for the soil samples. A blank set of filter composites was also submitted to the laboratory for analysis

with the composite samples to evaluate the radionuclide content of the filter material.

The laboratory data were reported in units of picocuries per filter composite (pCi/f). The data were

converted to units of micocuries per milliliter (pCi/ml), as follows:

Concentrat ion, pCi /nil = Filter Concentration - Blank (I *O-12

TotalFlow

The units of total flow and filter concentration in the equation are cubic meters and pCi/f, respectively.

The resulting concentrations for each radionuclide and high volume sampler were compared to effluent

concentration limits listed in Table 2 of 10 CFR 20 Appendix B and reported in Table 8-1 as percentages

of the respective effluent limits. The most conservative effluent limits were applied to thorium-230

(2*10-14 IVCi/ml) and lead-210 (6*1013 ICi/ml). The Class D and W limits were applied to natural uranium
(3*1012 VCi/ml) and radium-226 (9*10-13 pCi/ml), respectively.
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POWERTECh (USA) INC.
8.2.1 High Volume Air Sampling

In general and relative to one another (e.g., natural uranium to radium-226), the average concentrations

of radionuclides were consistent at each location from period to period. The radionuclide with the

lowest average concentration was radium-226, followed by thorium-230, natural uranium, and lead-210.

Average radium-226 concentrations were five orders of magnitude lower than lead-210 concentrations.

The data are listed in Table 8-1.

Site-wide, the data can be summarized as follows:

* Natural uranium concentrations ranged from -3 .0"1017 to 1.5*1014 pCi/ml and averaged 1.4*10
s 15lCi/ml.

* Thorium-230 concentrations ranged from -1.5*10I8 to 5.6*1017 pCi/mI and averaged 1.2*10-17

pCi/ml.

* Radium-226 concentrations ranged from -4.9*1017 to 5.3*1017 VCi/ml and averaged 1.6*1018

VCi/ml.

• Lead-210 concentrations ranged from 6.0*10I5 to 4.1*1014 lCi/mI and averaged 1.5*1014

pCi/ml.

There are no clear patterns in the radionuclide concentrations, when evaluating them spatially or

temporally. Natural uranium concentrations at each location fluctuated between the orders of 101 7 and

10-14 pCi/mI over the course of monitoring. The high end of this range occurred in the first monitoring

period and is likely due to the low sensitivity of the uranium analytical results and not actual uranium

concentrations in air. The uranium concentrations in air for the first monitoring period were reported at

their detection limits. Thorium-230 concentrations fluctuated between the orders of 101 7 and 1018

pCi/ml. Radium-226 concentrations fluctuated between the orders of 1017 and 1018 pICi/ml. Finally,

lead-210 concentrations at each location were all on the order of 10-14 IVCi/ml over the course of

monitoring.

With the exception of natural uranium, the values determined above are similar to U.S. background

concentrations reported in the United Nations Scientific Committee on the Effects of Atomic Radiation

(UNSCEAR) Report to the General Assembly, Sources and Effects of Ionizing Radiation, Annex B. The

regional concentrations reported in this reference document are: uranium-238 (2.4*10-17 to 1.4*1016

pCi/ml), thorium-230 (1.6*1017 pCi/ml), radium-226 (1.6*i017 pCi/ml), and lead-210 (2.7*10-15 to

2.7*10-14 pCi/ml).
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POWeRTECh (USA) INc.
In terms of comparison to 10 CFR 20 Appendix B effluent concentrations, the data can be summarized as

follows:

* Natural uranium concentrations were 0.0 to 0.5 percent of its effluent concentration.

* Thorium-230 concentrations were 0.0 percent of its effluent concentration.

" Radium-226 concentrations were 0.0 percent of its effluent concentration.

* Lead-210 concentrations were 1.0 to 6.78 percent of its effluent concentration.

The LLDs, in pCi/f, reported by the laboratory for each radionuclide were converted to pCi/ml by dividing

pCi/f by the total flow in cubic meters and multiplying by 1*1012 to reflect appropriate units. In no cases

were the LLDs higher that their respective 10 CFR 20 effluent concentration limits. The LLDs reported in

Periods 1 and 2 by the laboratory for uranium exceeded the recommendation in NRC Regulatory Guide

4.14.

The LLDs for each of the radionuclides are listed in Table 8-1.

Note: To facilitate review, revised Table 8-1 is not provided in this submittal. It is the same as revised

Table 2.9-13, provided above.
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POWERTECh (USA) INC.

TR RAI-2.9-8
NRC staff notes inconsistent language regarding the description of the monitoring duration. In the

main body of the TR (p. 2-358) the applicant indicates "nearly continuously" while Appendix 2.9-A (p.

16) of the same report indicates "continuously" and "nearly continuously." Please address these

inconsistencies in the description of the monitoring duration.

Response TR RAI-2.9-8 (TR Section 2.9 and Appendix 2.9-A)
The air monitoring stations were operated continuously with minimal down time due to filter changes,

power outages, or other unforeseen disruptions in the power supply. This short period of down time is

why the term "nearly continuously" was used. In the context of the TR and Appendix 2.9-A,
"continuously" and "nearly continuously" are synonymous.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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POWERTECh (uSA) INC.

TR RAI-2.9-9
On page 2-359 of the TR, the value listed for Th-230 is that of the derived airborne concentration from.
10 CFR 20 Appendix B, Table 1, not the effluent concentration value as indicated. Please address this
discrepancy.

Response TR RAI-2.9-9 (TR Section 2.9.6.1)
The value listed for thorium-230 section 2.9.6.1 of the TR and Page 17 of Appendix 2.9A was

inadvertently taken from 10 CFR 20 Appendix B Table 1 rather than 10 CFR 20 Appendix B, Table 2. The

values for lead-210, natural uranium and radium-226 are correct. The sentence in question from these

pages should be as follows:

The most conservative effluent limits were applied to thorium-230 (2*1014 pCi/ml) and lead-210 (6*10-

13 pCi/ml). The Class D and W limits were applied to natural uranium (3*10-12 pCi/ml) and radium-226

(9"*0-13 pCi/ml), respectively.
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POWERTECh (USA) INC.
TR RAI-2.9-10

I Please clarify whether the "lHV" designator in lab reports in Appendix 2.9-A of the TR (and Plate 2.5-1)

are the same as "AMS" designators in Table 2.9-11 of the TR.

Response TR RAI-2.9-10 (TR Appendix 2.9-A)
Yes, the "HV" designator in the lab reports in Appendix 2.9-A of the TR and Plate 2.5-1 are the same as

the "AMS" (Air Monitoring Station) designators in Table 2.9-11 of the TR.
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POWERTECh (USA) INC.
TR RAI-2.9-11
Please provide an assessment of land use for food sampling.

Response TR RAI-2.9-11 (TR Section 2.9.10)

Food Sampling

To determine baseline radionuclide concentrations in local food, Powertech (USA) collected three tissue

samples, one liver (DBAT 03) and two meat samples (DBAT 01 DBAT 02), from a locally grazing cow on

June 25, 2008. The results are listed in Table 2.9-19. Errors are reported as ±2o.

Powertech (USA)'s assessment of land use regarding food sampling (crop production) at the 3 km limit

from the mill site and 3.3 km from the site boundary was limited to the sampling of cattle, since no

crops are grown and available for sample analysis within these distances from the site. This assessment

was confirmed through on-site surveys and direct communication with landowners and ranchers. The

closest land with crop related land uses is located in eastern Fall River County, approximately 48 km (30

miles) east of the site boundary.

Powertech (USA) obtained general land use information for Fall River and Custer Counties from the

United States Department of Agriculture 2002 census as referencedin Section 2.2.2 of the TR. However,

site specific data provided by county governments regarding crop production are not available since

land use plans are not required. Powertech (USA) has verified that there is no crop production within 3

km of the mill site and 3.3 km of the site boundary through on-site surveys and direct communication

with the local landowners and ranchers. Since no crops are grown in the area, crop samples were not

collected and analyzed.

Regulatory Guide 4.14 does not specifically require the collection and analysis of garden vegetables,

although none were available for baseline sampling. It is important to note that the MILDOS Model

results provided in Section 7.3 of the TR and Appendix 7.3-A show that the food ingestion pathway (food

consumed from crops grown within the area) is an insignificant source of exposure to human receptors.

There are several cases where reported concentrations are at or below LLDs that, in turn, exceed the

LLDs recommended in RG 4.14. This is evident for all reported concentrations of natural uranium,

radium-226 and polonium-210 in Sample DBAT-01, and lead-210 in all three samples.
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POWERTECh (uSA) INC.

Table 2.9-19: Baseline Radionuclide Concentrations in Local Food

Sample ID Radionuclide Parameter Result
Concentration ND

U-nat (pCi/kg) Error ± 2a
LLD 7.0E-06

Concentration 3.0E-06
Ra-226 (pCi/kg) Error ± 2a 2.OE-06

LLD 3.0E-06
Concentration 0.0

DBAT-01 Th-230 (pCi/kg) Error ± 2c 2.OE-05
LLD 8.OE-06

Concentration -7.0E-06
Pb-210 (pCi/kg) Error ± 2o 4.OE-05

LLD 7.OE-06
Concentration 8.OE-06

Po-210 (pCi/kg) Error ± 2c 1.OE-04
LLD 8.OE-06

Concentration ND
U-not (pCi/kg) Error ± 2c-

LLD 7.OE-06
Concentration 6.OE-05

Ra-226 (pCi/kg) Error ± 2c 3.OE-05
LLD 4.OE-05

Concentration 0.0
DBAT-02 Th-230 (pCi/kg) Error ± 2c 1.4E-03

LLD 1.OE-04
Concentration 2.OE-04

Pb-210 (pCi/kg) Error ± 2c 7.0E-04
LLD 1.2E-03

Concentration 0.0
Po-210 (pCi/kg) Error ± 2c 1.2E-03

LLD 1.OE-04
Concentration ND

U-nat (pCi/kg) Error ± 2ar
LLD 7.OE-06

Concentration 3.OE-06
Ra-226 (pCi/kg) Error ± 2a 1.OE-06

LLD 2.OE-06
Concentration 0.0

DBAT-03 Th-230 (pCi/kg) Error ± 2c 1.OE-04
LLD 6.OE-06

Concentration -7.OE-06
Pb-210 (pCi/kg) Error ± 2c 4.OE-05

LLD 6.OE-05
Concentration 2.OE-05

Po-210 (pCi/kg) Error ± 2a 2.OE-04
L LLD 6.OE-06

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Renort Submitted Aueust 11. 2009. Vý .?A.<
Technical Renort Submitted Aueust 11 2009.



POWERTECh (USA) INC.
TR RAI-2.9-12
Regulatory Guide 4.14 provides recommendations for the collection and analysis of crop samples

raised within 3 km of the mill site. In Section 2.2.2 of the TR, the applicant only addressed crop

production within the Permit Area. Consistent with Regulatory Guides 4.14 and 3.46, please provide

the results of crop sample analyses or a justification for not collecting crop samples. In this response,

please describe 'actions taken by the applicant to determine the agricultural use of adjacent lands,

including vegetable gardens.

Response TR RAI-2.9-12 (TR Section 2.9.10)

See TR_RAI Response 2..9-11

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application

Technical Report Submitted August 11. 2009. Paae 207



POWERTECh (USA) INC.
TR RAI-2.9-13
In Section 2.2.2 of the TR, the applicant has identified livestock, poultry, and their products but did not

analyze and sample them as recommended in Regulatory Guide 4.14 Section 1.1.3, "Vegetation, Food

and Fish Samples." Consistent with Regulatory Guides 4.14 and 3.46, please analyze and provide

results for appropriate food samples. In this response, please describe actions taken by the applicant

to determine the agricultural use of adjacent lands.

Response TR RAI-2.9-13 (TR Section 2.9.2.2.2)
The intent of Section 1.1.3 of RG 4.1.4 is on the forage vegetation in the permit area and the livestock

that feed upon it.

RG 3.46 focuses on data that could assess the environmental impact of the proposed action. The guide

states "For commercial-scale operations and for research and development operations involving drying

of yellowcake, the applicant should provide data on the count and distribution of important domestic

fauna, in particular, cattle, sheep, and other meat animals that may be involved in the exposure of man

to radionuclides."

The guide also states "Report site-specific radiological data, including both natural background radiation

levels and results of measurements of concentrations of radioactive materials occurring in [important]

biota..."

The TR clearly shows the predominance in numbers of beef and other cattle, relative to other livestock,

in the vicinity of the proposed facility. The TR states on Page 2-3 that "no data were available for

poultry, pig, or sheep inventories." This might have been better phrased as "no data regarding the

numbers of poultry, pigs, or sheep exist in the immediate area."

The applicant has demonstrated compliance with the intents of both guidance documents. The applicant

has sampled the important livestock which forages on vegetation in the permit area.

With the absence of significant numbers of other livestock, the primary focus of the food sampling was

livestock. Three samples of livestock were collected and analyzed, in accordance with RG 4.14.
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POWERTECh (USA) INC.
TR RAI-2.9-14

In Section 2.2.2 and 2.8.5.4.2 (pages 2-267) of the TR, the applicant identified game animals

(pronghorn, wild turkey, etc) but these were not analyzed as recommended in Regulatory Guide 4.14.

Consistent with Regulatory Guide 4.14, please provide results of game animal sample analyses or a

justification for not collecting them.

Response TR RAI-2.9-14 (TR Section 2.9.10)
The reviewer is correct to state that game animals occur throughout the permit area. The most

prevalent big game animals on the site are pronghorn antelope and mule deer.

The big game animals were not sampled because 1) game sampling is not prescribed in RG 4.14, if

livestock are sampled 2) their ranges, which can be large due to migrations, were expected to be much

larger than the size of the permit area and 3) one cannot be certain that any individual big game animal

spends its entire life on the permit area. As such, sampling would not necessarily represent a diet that is

exclusive to the permit area and sampling local beef is more representative.

Section 1.1.3 of RG 4.14 states "samples should be collected...of animals grazing...or livestock raised

within three kilometers of the mill site.

Home range sizes for pronghorns are strongly affected by local conditions and climate, which varies

yearly. Daily ranges in Wyoming have been reported at 0.2 to 0.4 square kilometers. Winter ranges are

larger, at 6.5 to 22.5 square kilometers. Territories are widely spaced and do not overlap (Krejci et al,

2009).

It would not be possible to know the location and diet history of any specific individual pronghorn or

mule deer taken, so one would never know how to compare or interpret the findings of such

measurements.

In our opinion, sampling big and small game is an impractical, unwarranted endeavor, considering that

the data would yield no significant value regarding potential site impacts, the game must be killed to

obtain a sample, and ready availability of beef with known and localized feeding habits.
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POWERTECh (USA) INC.
TR RAI-2.9-15
In Section 2.2.2 of the TR, the applicant stated that hunting is currently open to the public on 5,689

acres within the Permit Area. The applicant also stated that prior to commencement of operations all

hunting will be prohibited within the Permit Boundary. However, the applicant has not addressed how

the applicant will prohibit hunting on public lands. Please provide this information.

Response TR RAI-2.9-15 (TR Section 7.1.2)

Recreational use within the project boundary is limited primarily to large game hunting. Within the PAA,

hunting is currently open to the public on approximately 5,689 acres. Approximately 240 acres are

owned by the Bureau of Land Management (BLM); the South Dakota Game Fish and Parks (SDGF&P)

lease around 3,069 acres annually of privately owned land and currently designate this acreage as walk-

in hunting areas. Prior to commencement of operations, all hunting will be prohibited within the Permit

Boundary.

Mineral development may occur along with other resource uses. Exploration and development would

continue to be managed in accordance with existing surface and mineral management regulations; for

example (43 CFR 3809 and 43 CFR Subtitle B). Temporary fencing, berms and other means of restricting

public access, such as signage and gates would be installed in areas of active production and mining

areas such as well fields, processing plant(s) and land application areas in order to protect the public,

* protect workers, prevent damage to facilities, and provide security.

According to the Bureau of Land Management (BLM), the owner of the mining claim may:

Restrict public recreational use of/or public access across claims or portions of claims that are actively

used for prospecting, mining, or processing operations in the following situations:

1.) Where public recreational use of a claim would endanger or materially interfere with legitimate

mining pursuits or;

2.) In cases where the mining operation is hazardous and could lead to personal injury. The

claimant may protect his mining equipment and operations area with appropriate signs or other

lawful means.

Powertech (USA) will utilize means to restrict hunting activities to the fullest extent permissible by the

BLM, Department of the Interior regulations.
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POWERTECh (USA) INC.
TR RAI-2.9-16
The applicant collected three tissue samples, one liver and two meat samples, from one cow instead of

one sample each from three different cows as recommended in Regulatory Guide 4.14. The applicant

should provide the sample results of cows consistent with Regulatory Guide 4.14 or justification for

not providing them.

Response TR RAI-2.9-16 (TR Section 2.9)
In lieu of slaughtering three animals for the sake of collecting one sample from each, we chose to

sample three types of tissue from one beef cattle.

Importantly, RG 4.14 states "At least three samples should be collected at time of harvest or slaughter

or removal of animals from grazing for each type of crop (including vegetable gardens) or livestock

raised within three kilometers of the mill site."

RG 4.14 does not specifically say three individual animals. We believe we met the intent of RG 4.14.
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POWERTECh (USA) INC.

TR RAI-2.9-17
Please address the following issues regarding Table 2.9-19 (page 2-378) of the TR and Table 10-1 in

Appendix 2.9-A of the TR:

TR RAI-2.9-17(a).
a. Reporting format is not consistent with Regulatory Guide 4.14, Section 7.5.

Response TR RAI-2.9-17(a) (TR Table 2.9-19 and Appendix 2.9-A)

Tables 2.9-19 and 10-1 transpose the format of RG 4.14, Section 7.5 to facilitate viewing and printing.

The same information recommended by RG 4.14 is provided.
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POWERTECh (USA) INC.

TR RAI-2.9-17(b)
Please address the following issues regarding Table 2.9-19 (page 2-378) of the TR and Table 10-1 in
Appendix 2.9-A of the TR:

b. Lower Levels of Detection (LLD) are significantly higher than Regulatory Guide 4.14, Section 5,
Recommendations.

Response TR RAI-2.9-17(b) (TR Section 2.9)
We assume by Lower Levels of Detection the NRC means Lower Limits of Detection (LLDs). We agree

with the reviewer and the TR states "There are several cases where reported concentrations are at or

below LLDs that, in turn, exceed the LLDs recommended in RG 4.14. This is evident for all reported

concentrations of natural uranium, radium-226 and polonium-210 in Sample DBAT-01, and lead-210 in

all three samples."

The LLDs for food recommended in RG 4.14 are extremely low. In the context of units of picocuries per

gram (pCi/g), the LLDs for U-nat and Th-230 are 2*10-4 pCi/g, Ra-226 is 5*10-5 pCi/g; and Po-210 and Pb-

210 are 1*10-3 pCi/g. It would be extremely difficult for a laboratory to meet these LLDs for samples,

even without matrix interferences and large requisite sample sizes.

In addition, there are no regulatory limits for food items for the purpose of comparison, to evaluate

appropriate analytical sensitivities.
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POWERTECh (USA) INC.
TR RAI-2.9-17(c)
Please address the following issues regarding Table 2.9-19 (page 2-378) of the TR and Table 10-1 in
Appendix 2.9-A of the TR:

c. The LLDs for meat are substantially different from each other

Response TR RAI-2.9-17(c) (TR Section 2.9)
We agree with the reviewer. At such low LLDs, analytical errors, low concentrations, differences in

sample size, and matrix interferences are more likely to influence the LLD than at relatively higher

values.
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POWERTECh (USA) INC.

TR RAI-2.9-18
Please clarify what types of vegetation were included in the vegetation sampling and state whether
this includes forage samples.

Response TR RAI-2.9-18 (TR Section 2.9)
Consistent with RG 4.14, forage vegetation; i.e., grasses, were the only types of vegetation sampled

during the pre-operational phase. The samples were collected in the vicinity of each of the air

monitoring stations, which are in sectors of the highest predicted airborne concentrations due to facility

operations.
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POWERTECh (USA) INC.

TR RAI-2.9-19
In section 2.8.5.6.1.2.1 of the TR, the applicant has identified grazing areas within the Permit Area, but

it is not clear that they were analyzed as recommended by Regulatory Guide 4.14. Please clarify if

identified grazing areas were analyzed as recommended by Regulatory Guide 4.14.

Response TR RAI-2.9-19 (TR Section 2.8.5.6.1.2.1)
RG 4.14 suggests sampling grazing areas located in three different sectors having the highest predicted

airborne radionuclide concentrations. Air monitoring stations were placed in sectors predicted to have

the highest airborne concentrations. Forage samples were collected at all air monitoring stations.

Please refer to the selection of air monitoring stations in our response to RAI 2.9-1.

Section 2.8.5.6.1.2.1 only identifies and describes generic habitats observed in the permit area.

Each of the vegetation sample locations is sited elsewhere, in areas grazed by cattle and/or horses. It is

our opinion that the vegetation was sampled in accordance with the intent of RG 4.14. Forage

vegetation was sampled in grazing areas in three different sectors having the highest predicted airborne

radionuclide concentrations due to planned milling operations.
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POWERTECh (USA) INC.

TR RAI-2.9-20
On page 2-280 of the TR, the applicant states that fish sampling sites BVC04 and CHRO5 can be
identified on Plate 2.5-1. NRC staff could not locate these sites on Plate 2.5-1. However, these sites can

be found on Figure 2.9-11 of the TR. Please correct this discrepancy in the TR.

Response TR RAI-2.9-20 (TR Section 2.8.5.6.1.1)
Sampling locations BVC04 and CHRO5 are not within the scale of Plate 2.5-1; Please refer to Figure 2.9-

11 for the location of the sites in question. All other sampling locations are within the scale of Plate 2.5-

1.

I
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POWeRTECh (USA) INC.
TR RAI-2.9-21

Section 1.1.3 of Regulatory Guide 4.14 recommends that fish (if any) samples should be collected

semiannually from any bodies of water that may be subject to seepage or surface drainage from

potentially contaminated areas. Please confirm whether the applicant ruled out the presence offish in

all impoundments, and, if not, please provide the results offish samples from those impoundments

Response TR RAI-2.9-21 (TR Section 2.8.5.6.1.1)
Upon review of the sampling plan with the South Dakota Game Fish and Parks agency, the agency's

representatives expressed a greater interest in the potential effects of the project on the flowing water

(i.e., Beaver Creek and the Cheyenne River) where abundance and diversity are much greater compared

to the mine pit waters, therefore sampling was focused in those areas where the potential for effect

from mining operations may be more likely to occur. Therefore, the old mine .pits were not the focus of

concern for this particular site as part of the baseline studies for fish.

All impoundments and drainages within.the PAA are ephemeral with the exception of Beaver Creek.
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POWERTECh (USA) INC.
TR RAI-2.9-22

In Section 2.9.2.1.1 GPS based gamma survey transects were spaced at approximately 500 m intervals

in the main project area and 100 m in the surface mine area (Page 2-308). The 500 m spacing does not

appear to comport with RG 4.14 or with recently published data by Whicker, et. al (2008). According to

this study, 100 m spacing represents approximately 14% ground coverage. It is also recommended

that areas of interest receive 25%-100% ground coverage. The typical vehicle spacing for this is

reported as 20-30 m (35%-45% coverage). Please provide technical justification for the 500 m spacing

used by the applicant.

Response TR RAI-2.9-22 (TR Section 2.9.2.1.1)

The RG 4.14 guidance was intended for use in assessing the performance of effluent controls and

releases from operating uraniUm mills as well as establishing baseline data for evaluating

decommissioning operations. It has been well-established that airborne effluent releases, other than

radon, are minimal at ISR facilities but baseline data, including gamma exposure rates, are needed to

assess gamma exposure impacts proximal to processing facilities and from accidental liquid releases

from well fields and processing plants. RG 4.14 recommends making direct gamma measurements at

150-meter intervals, extending from the center of the processing plant outward in the eight .compass

directions to 1500 meters as well as at each of the air monitoring stations. In this case, that would

require only 90 measurements and cover less than 50 percent of the project site. Importantly, the

number of direct gamma measurements collected by Powertech (USA) exceeds the guidance in RG 4.14.

The transect spacing in the work plan was intended to be small compared to the anticipated

characteristic size of anomalous areas. Wide spacing was used for areas thought to be non-impacted;

more narrow spacing was used for known or potentially impacted areas. While this work was done prior

to the cited publication, we believe that the methods are similar and consistent with that publication.

The authors did not recommend transect spacing. They reported typical transect spacing that they used

for certain situations (including surveys for cleanup). We do not agree that the authors intended to

establish a standard method. The measure of success is determined by asking the question: did the

survey adequately determine the mean and variance of the exposure rates for areas within the site, and

did it identify areas with highly varying exposure rates commonly referred to as anomalous areas?

Our technical justification for the 500-meter transect spacing is based on the assumption that we did

not expect mineralized ore outcrops. Therefore, non-impacted areas were expected to be made up of

large areas of different soil types or large fields having a unique history of fertilizer applications, if any.

The characteristic sizes of these areas were expected to be large compared to 500 meters. It was also

evident that the historical surface mine area was impacted. The goal of surveying this area was to

determine the boundary of the impacted area and the range of exposure rates. It was not the goal to

provide adequate data for developing reclamation plans.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application

Technical Report Submitted August 11, 2009. Page 219



POWERTECh (USA) INC.

Data from the surveys were processed and evaluated at the end of each day to determine whether the

gamma count rates were consistent with the assumptions. Data anomalies were investigated and,

where appropriate, the transect spacing and areal extent of the survey were changed to bound the

anomaly. These daily evaluations of the data and changes to the survey density were made to correct

for small departures from the conditions that were assumed when developing the plans.

Gamma surveys, at closer spacing will be performed for the purpose reclamation planning and
implementation a minimum of I year before planned reclamation.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Tpchnic~l Rpnnr-t ,,hrittprd A~~g 11 ,nn r qqA L i

Technical Report Submitted Aupust 11 2009



POWERTECh (USA) INc.

TR RAI-2.9-23
Consistent with Regulatory Guide 4.14, please describe the criteria, and basis for the criteria, used to

determine the acceptability of the daily function tests performed on the sodium iodide detectors

provided in Appendix 2.9-A of the TR. Using these criteria, please comment on the following specific

examples and provide missing data where necessary.

Date 4410 Serial # Efficiencies

9/14/07 PR118372 0.5% (6:50 am) 0.3% (8:20 pm different
configuration)

0.64% (6:50 am reported as 0.7%) 0.57%
9/14/07 PR198936 (8:30 pm)

7/18/08 PR198936 2nd daily function check not recorded

Response TR RAI-2.9-23 (TR Appendix 2.9-A)

The comments regarding function checks during September 2007 rightfully question whether the

detector systems performed in a consistent manner over the 11-day survey period. The following

information and analysis was done in response to those comments.

RG 4.14 allows direct measurements.to be made with "properly calibrated portable survey units". While

RG 4.14 doesn't provide acceptance criteria for function checks, other guidance accepts consensus

standards such as ANSI N323A-1997,

Radiation Protection Instrumentation Test and Calibration, Portable Survey Instruments (ANSI, 1997).

Section 4.8 of the standard states "to ensure proper operation of the instrument between calibrations,

each instrument. (with the exception of neutron instruments and high-dose equivalent rate photon

instruments) shall be checked with a source during operation at least daily or prior to each intermittent

use, whichever is less frequent. If at any time the instrument response to the source differs from the

reference reading by more than ±20% (for any photon instrument the reading should be at least ten

times background), the instrument shall be returned to the calibration facility for calibration or for

maintenance, repair, and recalibration, as required. Reference readings shall be obtained for each

instrument when exposed to a source in a constant and reproducible manner, either at the time that the

instrument is received in the field or before its first use." For the discussion that follows, we can assume

that ±20 percent is equivalent to a coefficient of variation (CV=standard deviation/mean value) of 0.20/3

Standard Deviations=0.067.

Acceptance ranges other than deviations of 20 percent from the mean are often specified as a function

of the mean ± a multiple of the standard deviation, recognizing that there will be failures. To reduce the

probably of failing an instrument due to a statistical fluctuation, the function check is repeated and

accepted if it then passes.
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The response changes for a normally functioning instrument used in the gamma survey occur primarily

as a result of small changes in the high voltage of the digital ratemeter. These changes may be induced

by large changes in the temperature but are normally smaller than the allowable 20 percent change

mentioned above. These changes are not source or count-rate dependent and thus they affect the

background count rates as well as the count rate from a source. It unfortunately took four days before

problems with the function check method were identified and rectified (September 13-17, 2007). The

detectors were function-checked while mounted on the ATVs with the source placed on the ground.

Larger deviations than normal resulted in the net count rates primarily due to changes in the detector

height from tire pressure changes and possibly due to the suspension systems of the ATVs. The

procedure was changed on September 18, 2007 by removing the detectors and placing them at a fixed

distance from the source, resulting in a CV=0.02 for the 14 measurements taken during the last 7 days

for both detector systems. No measurements were outside of the ±20 percent limit (i.e., 0.067).

During the initial four-day period when the various procedures were applied in conducting the function

checks, the data support that the morning checks differed by less than 20 percent from the checks made

at the end of the day. Unfortunately, the function check for System A on September 14, 2007 at the end

of the day did not have the same geometry as that at the beginning of the day, thus making a

comparison impossible.

As stated above, performance changes in the detector systems will be reflected in changes in the

background readings. In addition, the background count rates are less dependent on detector

placement and therefore, in this case, may be used to evaluate whether the detectors were functioning

properly each day. An analysis of the background count rate data taken the first four days of the survey

shows that the detector systems have similar means with CVs of 0.05 and 0.04. Background data for the

last seven days of the survey were almost identical with the means differing by less than 3 percent from

*those during the first four days, with CVs of 0.04 for each detector system. All data were within ±20

percent of the mean. Therefore, one can conclude that the responses of the detector systems during

September 2007 were performing in a consistent manner each day throughout the survey period with

CVs much less than allowed under ANSI N323A-1997.

To address the question regarding the missing function check data for July 18, 2008, a review of the field

log books shows that the survey instruments were function-checked in the morning but not used on that

day.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Report Submitted August 11 2009. Paale 222



POWERTECh (USA) INC.
TR RAI-2.9-24
Regulatory Guide 4.14 recommends that direct radiation measurements be made at sites chosen for

air particulate samples. As discussed in RAI # 1 in this section, the applicant has not provided sufficient

information to demonstrate that the placement of the air monitoring stations is consistent with RG

4.14. Therefore, there is not sufficient information to determine if the placement of TLDs at air

monitoring stations is consistent with RG 4.14. Consistent with Regulatory Guide 4.14 and NUREG-

1569, Acceptance Criterion 2.9.3(1) provides the criteria used to establish TLD monitoring locations or

indicate where this information can be found in the TR.

Response TR RAI-2.9-24 (TR Section 2.9.6.1 Methods)
Please see response TRRAI-RC-2.9-1
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TR RAI-2.9-25
NRC staff could not locate the laboratory reports for TLD results in the TR. Please provide this
information or indicate where these can be found in the application.

Response TR RAI-2.9-25 (TR Section 2.9.5.1.1)

The laboratory reports for the TLDs have been provided below and lists the Landauer Location ID

Numbers shown on the reports against the sample location at which it was deployed. The table lists

only those Landauer Location ID Numbers and locations for which results are available.

Table 2.9-5.1.1: List of Landauer Location ID Numbers and Sample Locations

Period Date Deployed Date Collected Landauer Location ID Number Sample Location

08/15/2007 02/04/2008 00001 AMS-06

08/15/2007 02/04/2008 00002 AMS-02

08/15/2007 02/04/2008 00003 AMS-07

08/15/2007 02/04/2008 00004 AMS-03

1 08/16/2007 02/04/2008 00005 AMS-BKG

08/15/2007 02/04/2008 00006 AMS-05

08/15/2007 02/04/2008 00007 AMS-BKG

08/15/2007 02/04/2008 00008 AMS-01

08/15/2007 02/04/2008 00009 AMS-04

02/04/2008 05/17/2008 00010 AMS-01

02/04/2008 05/17/2008 00011 AMS-01

02/04/2008 05/17/2008 00012 AMS-02

02/04/2008 05/17/2008 00013 AMS-05

2 02/04/2008 05/17/2008 00014 AMS-03

02/04/2008 05/17/2008 00015 AMS-06

02/04/2008 05/17/2008 00016 AMS-07

02/04/2008 05/17/2008 00017 AMS-04

02/04/2008 05/17/2008 00018 AMS-BKG

02/04/2008 05/17/2008 00019 AMS-BKG
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Table 2.9-5.1.1: List of Landauer Location ID Numbers and Sample Locations (concluded)

Period Date Deployed Date Collected Landauer Location ID Number Sample Location

05/17/2008 07/17/2008 00001 AMS-04

05/17/2008 07/17/2008 00002 AMS-02

05/17/2008 07/17/2008 00003 AMS-BKG

05/17/2008 07/17/2008 00005 AMS-BKG

05/17/2008 07/17/2008 00006 AMS-06

05/17/2008 07/17/2008 00007 AMS-01

05/17/2008 07/17/2008 00008 AMS-01

05/17/2008 07/17/2008 00009 AMS-03

05/17/2008 07/17/2008 00026 AMS-05

05/17/2008 07/17/2008 00027 AMS-07
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TR RAI-2.9-26

Section 2.9.5.2.1 of the TR states that AMS-01 was monitored for 303 days. However, Table 2.9-10 in

the TR and Table 9-1 in Appendix 2.9-A of the TR indicate that this station was monitored for only

approximately 164 days. Please clarify and provide documentation for the monitoring period for AMS-

01.

Response TR RAI-2.9-26 (TR Section 2.9.5.2.1 and Appendix 2.9-A)
The reviewer is correct in that the time represented by the recovered TLDs was 164 days. This change

has been incorporated in the revision to Section 2.9.5.2.1 that is addressed in the response to TR_RAI-

2.9-27(a-c) as well as Section 9 of Appendix 2.9-A.
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TR RAI-2.9-27
As the examples in the table below demonstrate, the ambient gamma dose rates provided in Table
2.9-10 in the TR indicate a significantly higher dose rate during the third time period (5/17/08 -
7/17/08) compared to the other measuring periods.

Station Dose Rates (mrem/day) 2nd Measurement Period 3rd Measurement Period
AMS-01 0.36 0.96
AMS-06 0.35 0.85
AMS-BKG 0.39 0.975

TR RAI-2.9-27(a)
a. Please provide justification that a TLD monitoring period for less than one full year is

consistent with 10 CFR 40, Appendix A, Criterion 7. Specifically, please demonstrate that
complete baseline data, including expected variations in gamma dose rates, has been
provided in accordance with 10 CFR 40, Appendix A, Criterion 7, and as recommended by
Regulatory Guide 4.14.

Response TR RAI-2.9-27a (TR Section 2.9.5.2.1)

We agree with the observation that the average background dose equivalent rate is different for the

three monitoring periods. We have re-evaluated the data and corrected some entry errors. We

discovered that the dose equivalent rates had not considered the exposures that occurred during transit

and while waiting to be deployed or processed. We adjusted the dose equivalent rates downward, by

assuming that the dose rate for a TLD when not deployed was equal to the dose rate during

deployment. This assumption is believed to be acceptable since all TLDs were deployed at locations

believed to be background for the site. Since the third monitoring period was the shortest, this

adjustment significantly reduced the previously reported dose equivalent rates for this period compared

to the other periods.

The adjusted Table 2.9-10 in TR Section 2.9.5.2.1 presents the individual exposure rates for periods for

which data are available. The missing data occurred because the TLDs were not retrievable due to

possible theft or, more probable, cattle either eating the dosimeters or dragging them away from the

stations. Where data are available, there is good agreement between the relative dose equivalent rates

per period for all stations. Our calculations show that the average rates are 0.30, 0.26, and 0.36

mrem/day for the first, second, and third measurement periods. While variations with time in cosmic

radiation occur in an unpredictable manner, variations in the terrestrial component are known to occur

and depend primarily on the amount of soil moisture, vegetation cover, and snow cover. All attenuate

gamma-ray emissions and thus reduces the dose equivalent rate. The first two monitoring periods cover

fall, winter and spring while the third period covers the early portion of summer. It is reasonable to

assume that the higher average dose equivalent rates for summer are a result of lower average soil

moisture and no snow cover. While late summer, the 29-day period for which monitoring was not done,

can produce relatively high rainfall events, it is difficult to predict from one year to the next. It seems

reasonable that the average daily dose rate for this unmonitored period could best be approximated by
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that of the third monitoring period. We have therefore calculated the projected annual dose equivalent

at each monitoring station where the data are complete by assuming that the29-day period had the

same average dose equivalent rate as that of the respective third monitoring period.

Criterion 7 of 10 CFR 40 Appendix A requires that a monitoring program be established one full year

prior to major site construction. Reg. Guide 4.14 is consistent with that requirement but allows periodic

measurements and specifies that measurements should not be made when the soil is abnormally wet.

We believe that the 11-month monitoring period provides a good measure of the expected annual dose

equivalent rates. While these data are useful, they will not be used for compliance during operations

since any impacts from operations will be determined by comparing the values at the monitoring

locations to those obtained at the background station for each monitoring interval. The baseline direct

gamma-ray survey data are considered the most useful baseline data since the gamma emission rates

are mapped for the entire site.

The TLD results compare favorably with the baseline direct gamma-ray survey data for the site when

expressed in exposure rate units, micoRoentgen per hour (VR/h), where the average exposure rate was

reported in the TR as 10.9 pR/h. Since one Roentgen is approximately equal to one rem, 10.9 pR/h can

be expressed as approximately 95.5 mrem/year. This is very close to the 109 mrem/year average for the

four monitoring locations reported in the table above.

During construction and operations, Powertech (USA) will establish permanent monitoring stations that

are designed to limit easy access by animals and people. The impact at the locations from direct

radiation will be determined by comparing the measured values to the value at the background location.
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TR RAI-2.9-27(b)
As the examples in the table below demonstrate, the ambient gamma dose rates provided in Table
2.9-10 in the TR indicate a significantly higher dose rate during the third time period (5/17/08 -

7/17/08) compared to the other measuring periods.
Station Dose Rates (mrem/day) 2nd Measurement Period 3rd Measurement Period
AMS-01 0.36 0.96
AMS-06 0.35 0.85
AMS-BKG 0.39 0.975

b. Referring to the above table, please update the discussion on ambient gamma dose rate
monitoring, taking into account the variability of the data and the lack of data collected over
an entire year.

Response TR RAI-2.9-27(b) (TR Section 2.9.5.2.1)
This response has been incorporated into TR Section 2.9.5.2.1; and Sections 9.2 and 11.0 of Appendix

2.9-A. See replacement sections below.

Revisions to Section 2.9.5.2.1 of the Technical Report

2.9.5.2 Ambient Gamma Dose Rate Monitoring

Ambient exposure rates were determined for three periods, using TLDs supplied and analyzed by

Landauer, Inc. The monitoring periods were: August 18, 2007 to February 4, 2008, February 4 to May 17,

2008, and May 17 to July 17, 2008. The 29-day period between July 17 and August 15 that would make

up the year was not monitored.

The TLDs were deployed at each of the eight AMS locations. Duplicates were deployed at AMS-01 and

the background location (AMS-BKG). Five of the nine TLDs deployed in the August 2007 to February

2008 period were lost, presumably by way of cattle consumption and/or disturbance. Two additional

TLDs were lost from subsequent deployments, presumably as a result of cattle in the area.

The ambient gamma dose rate monitoring results are listed in Table 2.9-10. All reported dose

equivalents were converted to an adjusted dose rate by dividing by the time between the shipment of

the dosimeters to the site to the time that the dosimeters were processed by the vendor. In order to

obtain an estimate of the annual dose equivalent rate, the average daily dose rate for the 29-day period

(July 17, 2008-August 15, 2008) which was not monitored was assumed equal to the May 17, 2008 too

July 17, 2008 period. This is reasonable since terrestrial dose rates for a location primarily depend on soil

moisture and snow and vegetation cover. For locations where TLDs were missing, no attempt was made

to obtain an annual projected dose equivalent. The results for the TLDs reported in millirem per year

(mrem/yr) ambient dose equivalents are as follows:
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" AMS-04: 112 mrem/yr

" AMS-05: 91.mrem/yr

* AMS-07:109 mrem/yr

* AMS-BKG: 123 mrem/yr

The range of exposure rates (91 to 123 mrem/yr) and average (109 mrem/yr) is similar to average

worldwide exposures to natural radiation sources comprised of comic radiation, cosmogenic

radionuclides, and external terrestrial radiation reported in the United Nations Scientific Committee on

the Effects of Atomic Radiation (UNSCEAR) Report to the General Assembly, Sources and Effects of

Ionizing Radiation, Annex. The typical ranges of average worldwide exposures reported in this reference

document are from 60 to160 mrem/yr.

The TLD results compare favorably with the baseline direct gamma-ray survey data for the site reported

in Section 2.9.2.1.1 when expressed in exposure rate units (pR/h) as reported in Section 2.9.2.2.2, where

the average exposure rate was reported as 10.9 microRoentgen/h (pR/h). Since a Roentgen is

approximately equal to a rem, 10.9 pR/h can be expressed as 96 mrem/yr. This is very close to the 109

mrem/y average for the four monitoring locations.
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Table 2.9-10: Ambient Gamma Dose Rates

Adjusted Projected
Location Starting End Date Dose Dose Rate Annual Dose

D(mrem/day)b (mrem)
8/15/07 2/4/08

AMS-01 2/4/08 5/17/08 37.2a 0.260
5/17/08 7/17/08 57.7a 0.412

9/18/07 2/4/08

AMS-02 2/4/08 5/17/08
5/17/08 7/17/08 54.0 0.386

8/15/07 2/4/08 -

AMS-03 2/4/08 5/17/08 38.6 0.270
5/17/08 7/17/08 -

8/15/07 2/4/08 62.4 0.297
AMS-04 2/4/08 5/17/08 36.1 0.252 112

5/17/08 7/17/08 54.3 0.388

8/15/07 2/4/08 50.6 0.241
AMS-05 2/4/08 5/17/08 36.7 0.257 91

5/17/08 7/17/08 36.4 0.260

8/15/07 2/4/08 -

AMS-06 2/4/08 5/17/08 36.9 0.258
5/17/08 7/17/08 51.1 0.365

8/15/07 2/4/08 73.7 0.351
AMS-07 2/4/08 5/17/08 35.5 0.248 109

5/17/08 7/17/08 36.1 0.258

8/15/07 2/4/08 68.8a 0.328
AMS-BKG 2/4/08 5/17/08 40.5a 0.283 123

5/17/08 7/17/08 58.5a 0.418
Notes:
a. Result is average of measurement plus duplicate.
b. Dose rate adjusted by dividing by the reported dose by the time from vendor shipment of dosimeters to site and the

time dosimeters were processed.
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Revisions to Section 9 of Appendix 2.9-A

9.2 Ambient Exposure Rates Determined using Thermoluminescent Detectors

Ambient exposure rates were determined for three periods, using TLDs supplied and analyzed by

Landauer, Inc. The monitoring periods were: August 18, 2007 to February 4, 2008, February 4 to May 17,

2008, and May 17 to July 17, 2008. The 29-day period between July 17 and August 15 that would make

up the year was not monitored.

The TLDs were deployed at each of the eight AMS locations. Duplicates were deployed at AMS-01 and

the background location (AMS-BKG). Five of the nine TLDs deployed in the August 2007 to February

2008 period were lost, presumably by way of cattle consumption and/or disturbance. Two additional

TLDs were lost from subsequent deployments, presumably as a result of cattle in the area.

The ambient gamma dose rate monitoring results are listed in Table 9-1. All reported dose equivalents

were converted to an adjusted dose rate by dividing by the time between the shipment of the

dosimeters to the site to the time that the dosimeters were processed by the vendor. In order to obtain

an estimate of the annual dose equivalent rate, the average daily dose rate for the 29-day period (July

17, 2008-August 15, 2008) which was not monitored was assumed equal to the May 17, 2008 too July

17, 2008 period. This is reasonable since terrestrial dose rates for a location primarily depend on soil

moisture and snow and vegetation cover. For locations where TLDs were missing, no attempt was made

to obtain an annual projected dose equivalent. The results for the TLDs reported in millirem per year

(mrem/yr) ambient dose equivalents are as follows:

* AMS-04:112 mrem/yr

* AMS-O5:91 mrem/yr

" AMS-07:109 mrem/yr

* AMS-BKG: 123 m.rem/yr

The range of exposure rates (91 to 123 mrem/yr) and average (109 mrem/yr) is similar to average

worldwide exposures to natural radiation sources comprised of comic radiation, cosmogenic

radionuclides, and external terrestrial radiation reported in the United Nations Scientific Committee on

the Effects of Atomic Radiation (UNSCEAR) Report to the General Assembly, Sources and Effects of

Ionizing Radiation, Annex. The typical ranges of average worldwide exposures reported in this reference

document are to 60 to160 mrem/yr.
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The TLD results compare favorably with the baseline direct gamma-ray survey data reported in Section 3

when expressed in exposure rate units (pR/h) as reported in Section 9.1, where the average exposure

rate was reported as 10.9 microRoentgen/h (pR/h). Since a Roentgen is approximately equal to a rem,

10.9 pR/h can be expressed as 95.5 mrem/year. This is very close to the 109 mrem/yr average for the

four monitoring locations reported above.

Table 9-1. Ambient Gamma Dose Rates using TLDs

Adjusted Projected

Location Starting End Date Dose Dose Rate Annual Dose
Date (mrem) (mrem/day)b (mrem)

8/15/07 2/4/08 -

AMS-01 2/4/08 5/17/08 37.2a 0.260
5/17/08 7/17/08 57.7a 0.412
9/18/07 2/4/08 -

AMS-02 2/4/08 5/17/08

5/17/08 7/17/08 54.0 0.386

8/15/07 2/4/08 -

AMS-03 2/4/08 5/17/08 38.6 0.270
5/17/08 7/17/08 -

8/15/07 2/4/08 62.4 0.297
AMS-04 2/4/08 5/17/08 36.1 0.252 112

5/17/08 7/17/08 54.3 0.388

8/15/07 2/4/08 50.6 0.241
AMS-05 2/4/08 5/17/08 36.7 0.257 91

5/17/08 7/17/08 36.4 0.260

8/15/07 2/4/08 -

AMS-06 2/4/08 5/17/08 36.9 0.258
5/17/08 7/17/08 51.1 0.365

8/15/07 2/4/08 73.7 0.351

AMS-07 2/4/08 5/17/08 35.5 0.248 109
5/17/08 7/17/08 36.1 0.258

8/15/07 2/4/08 68.8a 0.328
AMS-BKG 2/4/08 5/17/08 40.5a 0.283 123

5/17/08 7/17/08 58.5a 0.418
Notes:
a. Result is average of measurement plus duplicate.
b. Dose rate adjusted by dividing by the reported dose by the time from vendor shipment of dosimeters to site and the time

dosimeters were processed.

Revisions to Section 11.0 of Appendix 2.9-A

The last bullet in Section 11.0 of Appendix 2.9-A should be revised as follows:

o Baseline ambient exposure rates, as determined using TLDs, range from 91 to 123

mrem/yr.
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TR RAI-2.9-27(c)
As the examples in the table below demonstrate, the ambient gamma dose rates provided in Table
2.9-10 in the TR indicate a significantly higher dose rate during the third time period (5/17/08 -
7/17/08) compared to the other measuring periods.
Station Dose Rates (mrem/day) 2nd Measurement Period 3 rd Measurement Period
AMS-01 0.36 0.96
AMS-06 0.35 0.85
AMS-BKG 0.39 0.975

c. In Section 2.9.2.1.1 of the TR, it is stated that the applicant collected GPS-based gamma
dose rate data during two different time periods: September 2007 and July 2008. Additional
data was collected for the land application area from July 17-19, 2008. These time periods
appear to have potentially significantly different background gamma dose rate attributes. It
appears that the applicant combined the data from these different time periods without
accounting for the variations in background. Please address the following:

i) It is not clear which areas were surveyed during the July 14-16, 2008 timeframe. Please
provide information on precisely which locations were surveyed and the corresponding dates.
ii) Considering the variations in expected gamma dose rates during different times of the year,
please explain how the statistics for the GPS-based gamma ray surveys are affected by
combining these different time periods. In your response, address the test for normality (and
other types of distributions) of the data, transformations of the data, the identification of
outliers, and the test for variance of the Main Permit Area, the anomalous north area and the

Surface Mine Area.
iii) Considering the variations in expected gamma dose rates during the year, please explain
how these variations will be taken into account when performing post reclamation and

decommissioning radiological surveys to ensure appropriate action levels are established (e.g.,
that contamination above regulatory limits is detected).

Response TR RAI-2.9-27(c) (TR Section 2.9.2.1.1)

i: The initial GPS-based gamma survey was done in the Main Permit and Surface Mine Areas using 500

meter and 100 meter transect spacings, respectively, from September 13-27, 2007. The boundary of the

Main Permit Area was later extended to the southwest. The 500-meter survey lines were extended

south to this new boundary by mobilizing to the site and conducting the survey on July 14, 2008. Work.

continued from July 17-19, 2008 where additional data within the land application areas were obtained

to comply with the desire to have data on 100-meter transect spacings therein. Transect spacings of

100 meters were added within the previously determined 500-meter transects within the Land

Application Areas only. The figure 3.1 in Appendix 2.9-A shows the survey data with 2007 and 2008 data

points in different colors.

ii: The first issue to address is whether the data from 2007 and 2008 may be combined because of

possible different background count rates. To provide maximum sensitivity, a search for overlapping

areas was done where the overlap was in areas considered free of anomalies. Ten areas where there
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was overlap of the data (within 3 feet) from the two surveys were identified and corresponding count

rates were recorded as shown in TRRAI-Table 2.9-26(2). The results confirm that the survey

instruments produced count rates that were nearly identical, with a mean ratio of the two count rates of

1.01 with maximum difference of any two data points of 15 percent. An Anderson-Darling Test was

done to see if the differences of the paired data were of a normal distribution. The results of the

Anderson-Darling Test for normality yielded a p-value of 0.093 (cannot reject normal distribution

hypothesis). Then a test was done to determine whether the differences were significantly different

from 0. The results of the paired t-test were a p-value of 0.787 (cannot reject zero-difference

hypothesis), an average difference of 84 cpm, and a 95% confidence interval on the average difference

of (-603 cpm, 772 cpm). In summary, the two data sets are not statistically different from one another.

A significant effort was made to match the instrument responses to background radiation and radiation

sources prior to deployment for the 2007 survey. In preparing for the 2008 survey, again the instrument

performances were matched to one another and to the performances of the instruments used in 2007.

Since the instrument responses in background areas were the same for the 2007 and 2008 surveys, we

therefore conclude that the background radiation was very similar for the two surveys and that merging

the data was appropriate.
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TRRAI-Table 2.9-26(2): Data pairs from 2007 and 2008 surveys.

2007 Count 2008 Count Ratio
Location

Rate (cpm) Rate (cpm) 2007:2008

1 12721 14985 0.85

2 12060 11309 1.07

3 12186 11299 1.08

4 11958 11562 1.03

5 15016 15074 1.00

6 13358 13752 0.97

7 13829 13970 0.99

8 12685 12207 1.04

9 15788 14633 1.08

10 12979 12945 1.00

Mean 1.01

A statistical evaluation of the total data set and sets of data corresponding to defined areas was

presented in the TR_Appendix 2.9-A (Radiological Baseline Report), including tests for normality and log

transforms. All frequency distributions were found to be nonparametric and conventional approaches

were used to describe these distributions. We do not believe that a test of variance of the three defined

areas would add anything meaningful to the discussion since the two areas were evident as different

from the remainder of the permit area based on historical use and geological features.

iii: It should be noted that 10 CFR 40 Appendix A decommissioning regulations limit the radionuclide

concentrations in soil. Compliance with the cleanup criteria is based on laboratory analysis of soil

samples. While it is true that gamma-ray action levels are used to identify anomalies, the accuracy of the

action levels is known to be limited, due to changes in background count rates, vertical distribution and

aerial extent of radionuclides, soil moisture, and other factors. Experience has shown that results of

gamma surveys cannot be reliably interpreted if done when there is excessive soil moisture. This
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limitation in itself reduces the variation in background count rates during cleanup operations. Action

levels are conservatively set and periodically revaluated during cleanup, especially when known changes

may influence gamma-ray emissions. The confidence lines of correlations such as is those shown in

Figures 5-1 and 5-2 of the Radiological Baseline Report are useful in establishing conservative gamma-

ray actions levels. Normally the application of these conservatively chosen action levels results in

cleanup to near background levels, in accordance with NRC's ALARA policy.
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TR RAI-2.9-28

In Section 2.9.5.2.1 of the TR, the applicant excludes AMS-02 when discussing exposure rates. Please

provide justification for excluding this data point.

TR RAI-2.9-29
Provide technical justification that the projected dose for AMS-03 is a valid estimate of the actual dose
at this monitoring station.

Response TR RAI-2.9-28 and 29 (TR Section 2.9.5.2.1)
External dose equivalent rate data from TLDs at Monitoring Stations AMS-04, AMS-05, AMS-07, and

AMS-BKG are considered complete with the annual average dose equivalent rates for the four stations

reported in the rewritten Section 2.9.5.2.1 of the TR as ranging from 91 to 123 mrem. These stations are

located to the north, southwest, and south of the permit area, not near the formerly mined area or

other known elevated exposure rate anomalies.

TLDs at the stations located within the permit area (AMS-01, AMS-02, AMS-03, and AMS-06) were eaten

or otherwise removed by cattle for one or more of the monitoring periods. In re-evaluating the data, it

was decided to not attempt to compute an annual average dose equivalent rate for these stations. To

show compatibility with NRC guidance, we have relied on the extensive set of exposure rate data

predicted from the GPS-based gamma surveys. The gamma-ray count rates were converted to exposure

rates by developing a correlation with a pressurize ionization chamber (PIC). Using the permit area-wide

(excluding the Surface Mine Area) average predicted exposure rate (10.9 pR/hr) from the correlation, an

annual dose equivalent rate was calculated for the permit area (10.9*8760 hrs/yr/1000= 96 mrem). As

indicated in the rewrite of Section 2.9.5.2.1 of the TR, the annual gamma dose rate for the permit area

(96 mrem) agrees well with the 109 mrem annual measured dose equivalent rate from the TLD data at

the four monitoring stations where the data sets are complete.
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TR RAI-2.9-30
In Section 2.9.2.2.1 of the TR and Section 3.2 of Appendix 2.9-A of the TR, the applicant discusses
outliers in the gamma-ray count rate data. Regarding the identification of outliers, NRC staff has
consulted the statistical reference cited by the applicant (Ott and Longnecker 2001) and has not found

justification for using the interquartile range (IQR) method as a sole means of proving outliers.
According to Ott and Longnecker (2001, p. 86), "'..the IQR does not provide sufficient useful
information about a single set of measurements, but can be quite useful when comparing the
variabilities of two or more data sets." This approach is consistent with other statistical sources (e.g.,
NIST 2006). Further, in their discussion of boxplots, Ott and Longnecker (2001, p. 100) recommend
carefully examining and checking the extreme values of the measurement. Lastly, NIST (2006)
discusses nonnormal distributions that may be expected to have extreme values at larger rates than
for a normal distribution. One example is the Cauchy distribution. Please provide the following:

TR RAI-2.9-30(a)
a. Documentation for all statistical analyses (histograms, data transformations, etc.) performed

on the GPS-based gamma surveys, including outputs from statistical software packages, or
indicate where these can be found in the application.

Response TR RAI-2.9-30(a) (TR Section 2.9.2.2.1 and Appendix 2.9-A)
The gamma data from the Main Permit Area, Surface Mine Area, and both land application areas

(Dewey and Burdock) were analyzed separately with the statistical software package Minitab, version

15.1.1.0.

Main Permit A*ea
The gamma data from the Main Permit Area was tested for a normal distribution. Figure TRRAI-RC 2.9-

30(1) displays the results of the test as well as a histogram of the data and its statistical summary.
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TR_RAI-Figure 2.9-30(1): Summary of statistics and normality test of gamma data from the Main
hL Permit Area (in cpm).

Summary for Main Permit Area Gamma Data

)r J- 45IfI4* 1II * * e * 4Ne 55

95% Confidence Intervals

F__F4--

Anderson-Darling Normality Test

A-Squared 3230.27
P-Value < 0.005

Mean 13073
StDev 2995
Variance 8967536
Skewness 22.55
Kurtosis 1018.40
N 75345

Minimum 5883
1st Quartile 11598
Median 12664
3rd Quartile 14137
Maximum 171243

95% Confidence Interval for Mean

13052 13095
95% Confidence Interval For Median

12648 12681

95% Confidence Interval For SiDer

2980 3010

The normality test rejected the null hypothesis of a normal distribution. The data was then tested for

lognormal and exponential distributions. Figures TRRAI-2.9-30(2) and TRRAI-2.9-30(3) show the

results of the tests for lognormal and exponential distributions, along with their respective probability

plots.

TR_RAI- Figure 2.9-30(2): Results of the test for lognormal distribution on the data from the Main
Permit Area and its probability plot.
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TR_RAI- Figure 2.9-30(3): Results of the test for exponential distribution on the data from the Main
Permit Area and its probability plot.

Probability Plot of Main Permit Area Gamma Data
Exponential
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The tests rejected the null hypotheses of lognormal or exponential distributions. Each value in the set of

data was transformed by taking its natural logarithm and the transformed data set was tested for a

normal distribution. TRRAI- Figure 2.9-30(4) displays the results of the test as well as a histogram of

the transformed data and its statistical summary.
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TR_RAI- Figure 2.9-30(4): Summary of statistics and normality test of transformed gamma data from
the Main Permit Area.

Summary of Ln Transformation of Main Permit Area Gamma Data
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The normality test shows that the transformed data is not from a normal distribution.
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Surface Mine Area
The gamma data from the Surface Mine Area was tested for a normal distribution. TR_RAI- Figure 2.9-

30(5) displays the results of the test as well as a histogram of the data and its statistical summary.

TR_RAI- Figure 2.9-30(5): Summary of statistics and normality test of gamma data from the Surface
Mine Area (in cpm).
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The normality test rejected the null hypothesis of a normal distribution. The data was then tested for

lognormal and exponential distributions. TR_RAI- Figure 2.9-30(6) and TR_RAI- Figure 2.9-30(7) show

the results of the tests for lognormal and exponential distributions along with their respective

probability plots.
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TR_RAI-Figure 2.9-30(6): Results of the test for lognormal distribution on the data from the Surface

bh Mine Area and its probability plot.

Probability Plot of Surface Mine Area Gamma Data
Lognormal

99.9999- Loc 9.538
99.99 Scale 0.4499

N 81757
AD 6462.245

99 P-Value <0.005

95

80

, 50-
rw7. 0

10000 100000
Gamma Count Rate (cpm)

TR_RAI-Figure 2.9-30(7): Results of the test for exponential distribution on the data from the Surface
Mine Area and its probability plot.
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The tests rejected the null hypotheses of lognormal or exponential distributions. Each value in the set of

data was transformed by taking its natural logarithm and the transformed data was tested for a normal
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distribution. Figure 8 displays the results of the test as well as a histogram of the transformed data and

its statistical summary.

TR_RAI-Figure 2.9-30(8): Summary of statistics and normality test of transformed gamma data from

the Surface Mine Area.
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The normality test shows that the transformed data is not from a normal distribution.
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Land Application Area - Dewey
The gamma data from the Land Application Area - Dewey was tested for a normal distribution. Figure
TRRAI-RC 2.9-30(9) displays the results of the test as well as a histogram of the data and its statistical
summary.

TR_RAI-Figure 2.9-30(9): Summary of statistics and normality test of gamma data from the Land
Application Area - Dewey (in cpm).

Summary of Land Application Area - Dewey Gamma Data
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The normality test rejected the null hypothesis of a normal distribution. The data was then tested for

lognormal and exponential distributions. TRRAI-Figure 2.9-30(10) and TRRAI-Figure 2.9-30(11) show

the results of the tests for lognormal and exponential distributions along with their respective

probability plots.
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TR_RAI-Figure 2.9-30(10) Results of the test for lognormal distribution on the data from the Land
1 Application Area - Dewey and its probability plot.

Probability Plot of Land Application Area - Dewey Gamma Data
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TR_RAI-Figure 2.9-30(11) Results of the test for exponential distribution on the data from the Land
Application Area - Dewey and its probability plot.

Probability Plot of Land Application Area - Dewey Gamma Data
Exponential
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The tests rejected the null hypotheses of lognormal or exponential distributions. Each value in the set of

data was transformed by taking its natural logarithm and the transformed data was tested for a normal

distribution. TRRAI-Figure 2.9-30(12) displays the results of the test as well as a histogram of the

transformed data and its statistical summary.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Technical Renort Sujbmitted Aupiust 11.2009. '7A'7

Technical Renort Submitted August 11 2009.



1.

POWERTeCh (USA) INC.

TR_RAI-Figure 2.9-30(12): Summary of statistics and normality test of transformed gamma data from
the Land Application Area - Dewey.

Summary of Ln Trans. of Land Application Area - Dewey Gamma Data
Anderson-Darling Normality Test

A-Squared 49.19
P-Value < 0.005

Mean 9.4472
SiDer 0.1490
Variance 0.0222
Skewness 0.171920
Kurtosis -0.250444
N 23480

Minimum 8.8244
Ist Quartile 9.3446
Median 9,4353
3rd Quartile 9,5463

,,, 9. Maximum 9.9244

95% Confidence Interval for Mean
* ,: ---- ] •9.4453 9.4491

95% Confidence Interval for Median

9.4329 9.4376

95% Confidence Interval For SiDev
95% Confidence Intervals 0.1476 0.1503

-I ,

i 

0 

1

9- 9

The normality test shows that the transformed data is not from a normal distribution.

Land Application Area - Burdock

The gamma data from the Surface Mine Area was tested for a normal distribution. TRRAI-Figure 2.9-

30(13) displays the results of the test as well as a histogram of the data and its statistical summary.
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TR_RAI-Figure 2.9-30(13): Summary of statistics and normality test of gamma data from the Land

I Application Area - Burdock (in cpm).

Summary of Land Application Area - Burdock Gamma Data
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The normality test rejected the null hypothesis of a normal distribution. The data was then tested for

lognormal and exponential distributions. TRRAI-Figure 2.9-30(14) and TR_RAI-Figure 2.9-30(14) show

the results of the tests for lognormal and exponential distributions along with their respective

probability plots.
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TRRAI-Figure 2.9-30(14): Results of the test for lognormal distribution on the data from the Land

I Application Area - Burdock and its probability plot.

Probability Plot of Land Application Area - Burdock Gamma Data
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TRRAI-Figure 2.9-30(15): Results of the test for exponential distribution on the data from the Land
Application Area - Burdock and its probability plot.

Probability Plot of Land Application Area - Burdock Gamma Data
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The tests rejected the null hypotheses of lognormal or exponential distributions. Each value in the set of

data was transformed by taking its natural logarithm and the transformed data was tested for a normal

distribution. TRRAI-Figure 2.9-30(16) displays the results of the test as well as a histogram of the

transformed data and its statistical summary.
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TR_RAI-Figure 2.9-30(16): Summary of statistics and normality test of transformed gamma data from
the Land Application Area - Burdock.

Summary of Ln Trans. of Land Application Area - Burdock Gamma Data
Anderson-Darling Normality Test
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The normality test shows that the transformed data is not from a normal distribution.
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TR RAI-2.9-30(b)
In Section 2.9.2.2.1 of the TR and Section 3.2 of Appendix 29-A of the TR, the applicant discusses

outliers in the gamma-ray count rate data. Regarding the identification of outliers, NRC staff has

consulted the statistical reference cited by the applicant (Ott and Longnecker 2001) and has not found
justification for using the interquartile range (IQR) method as a sole means of proving outliers.
According to Ott and Longnecker (2001, p. 86), '"..the IQR does not provide sufficient useful

information about a single set of measurements, but can be quite useful when comparing the

variabilities of two or more data sets." This approach is consistent with other statistical sources (e.g.,

NIST 2006). Further, in their discussion of boxplots, Ott and Longnecker (2001, p. 100) recommend
carefully examining and checking the extreme values of the measurement. Lastly, NIST (2006)

discusses nonnormal distributions that may be expected to have extreme values at larger rates than

for a normal distribution. One example is the Cauchy distribution. Please provide the following:

b. Justification for utilizing the IQR as the sole means of proving outliers.

Response TR RAI-RC 2.9-30(b) (TR Section 2.9.2.2.1 and Appendix 2.9-A)
Several tools were used, prior to the decision to use IQRs to evaluate outliers, including histograms,

distribution tests, and probability plots. The results of the IQR analyses were used only for informational

purposes. As described in the responses to Items 85-86, the outliers defined by using the IQR were not

removed nor discounted in the statistical analysis of the GPS gamma data.
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TR RAI-2.9-31
In Section 2.9.2.2.1 of the TR and Section 3.2 of Appendix 2.9-A of the TR, the applicant discusses

outliers in the gomma-ray count rate data. Please provide the following information:

TR RAI-2.9-31(a)
a. Discuss how these outliers were treated in the statistical analysis of gamma ray count rates.

Response TR RAI-2.9-31(a)
The outliers in the GPS gamma data were treated like the other GPS gamma data in the statistical

analysis. The outliers were not rejected or otherwise discounted.
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TR RAI-2.9-31(b)
In Section 2.9.2.2.1 of the TR and Section 3.2 of Appendix 2.9-A of the TR, the applicant discusses
outliers in the gamma-ray count rate data. Please provide the following information:

b. If outliers were rejected from the final data set, please describe any investigations performed
by the applicant to determine the cause of the outlying observations. Specifically, the
applicant should demonstrate that the outlying data is either an extreme manifestation of the
random variability inherent in the data or that it is the result of gross deviation from

prescribed experimental procedure or error in calculating or recording the numerical value
(ASTM 2002).

Response TR RAI-2.9-31(b)
None of the outliers were rejected from the final data set.
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TR RAI-2.9-32
Please provide the following information related to the predicted site-wide exposure rates discussed in

Section 2.9.2.2.2 of the TR:

Response TR RAI-2.9-32 (TR Section 2.9.2.2.2)
General: TR Figure 2.9-6 (Predicted Site-Wide Exposure Rates, Grid Block Averages) is intended for

informational purposes only, to qualitatively evaluate the relative spatial distribution of exposure rates

across the permit area.
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TR RAI-2.9-32(a)
Please provide the following information related to the predicted site-wide exposure rates discussed in

Section 2.9.2.2.2 of the TR:

a. Input parameters to, and results obtained from, ArcView GIS.

Response TR RAI-2.9-32(a) (TR Section 2.9.2.2.2)
The input parameters to ArcView GIS are gross gamma-ray count rates, in counts per minute (cpm),

measured using matched sodium iodide detectors and recorded during the GPS-based survey. The

results obtained from ArcView GIS are the predicted exposure rates, in IVR/hr, calculated by using the

equation given in Section 2.9.2.2.2, (Exposure Rate = 0.0007 x Gamma Count Rate + 2.02). Using a

minimum count rate cutoff of 5500 cpm and the maximum observed gamma count rate of 460,485 cpm,

the minimum and maximum exposure rates of 5.9 to 324 pR/hr were calculated.

Question and Answer Response to the U.S. NRC's Request for Additional Information
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TR RAI-2.9-32(b)
Please provide the following information related to the predicted site-wide exposure rates discussed in
Section 2.9.2.2.2 of the TR:

b. A description of the ArcView GIS interpolation scheme used, including the parameters to

control how the scheme is applied.

Response TR RAI-2.9-32(b) (TR Section 2.9.2.2.2)
No interpolation, of the data was performed. The grid block exposure rates presented in Figure 2.9-6

reflect the average of all predicted exposure rates, as calculated from the gross gamma-ray count rates

that fall spatially within each 700- by 700-foot grid block boundary. In one aspect, this. figure is

unintentionally misleading. With a large gamma survey spacing throughout most of the site,

approximately 40 percent of the grid blocks have no gamma readings from which to calculate an

exposure rate. The GIS analysis of these grid blocks interpreted no gamma-ray count rates as a zero

value instead of a null value. With a zero value used in the figure a dark green colored grid block (less

than 12 IVR/hr) was displayed, though this was not the intent.
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TR RAI-2.9-32(c)
Please provide the following information related to the predicted site-wide exposure rates discussed in
Section 2.9.2.2.2 of the TR:

c. Error estimates of the data presented in Figure 2.9-6, Predicted Site-Wide Exposure Rates, Grid

Block Averages, in the TR.

Response TR RAI-2.9-32(c) (TR Section 2.9.2.2.2)
Please refer to TR Appendix 2.9-A, Sections 3 and 9, including Tables 3-1 and 3-2.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application

Technical Reoort Submitted August 11 2009. Page258



POWERTECh (USA) INC.

TR RAI-2.9-33
Regulatory Guide 4.14 recommends an LLD of 2E-7 PCi/g for Pb-210 in soil. However, in Sections

2.9.3.2.1 of the TR and 4.6.2 of Appendix 2.9-A of the TR, the applicant reported that the LLD for Pb-

210 in the LAN (land application area north (Dewey)) and LAS (land application south (Burdock)) soil

samples ranged from 1.9E-6 to 3.8E-6 pCi/g. The applicant also reported that all values were below

their LLDs. The applicant recognized that guidance was not followed but did not provide a justification

for the different LLDs. Please demonstrate that the reported data is consistent with Regulatory Guide

4.14 or justification for a higher LLD for Pb-210 in soil.

Response TR RAI-2.9-33 (Sections 2.9.3.2.1 of the TR and 4.6.2 of Appendix 2.9-A)
The LLDs were 1.9E-6 to 3.8E-6 pCi/g, but only for the land application samples. The LLD for lead-210 in

the bulk of the data set, i.e., in samples collected from the Main Permit, Northeast, Roll Front and

Surface Mine Areas was 1E-7 pCi/g. The Land Application sample results were not used in the statistical

analysis of the permit area surface soils, as reflected in our response to RAI TR-2.9-35 (Items 92-94).

There 80 sample locations for which all the recommended LLDs in RG 4.14 are met for Pb-210.

In the Land Application Area, radium-226 will be the most sensitive radionuclide by which to assess

operational impacts to surface soils. Regardless, future operational surface soil data will be collected

with appropriate LLDs.
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TR RAI-2.9-34
Regarding soil sample collection, the applicant stated in Section 2.9.3.1.1 of the TR that NUREG-1569

suggests the collection of samples at 0 to 15 cm. The applicant recognized the 0 to 5 cm collection

depth specified in Regulatory Guide 4.14 and chose to collect surface soil samples at 0 tol5 cm.

However, NUREG-1569 (Acceptance Criterion 2.9.3(2)) recommends that soil sampling be conducted at

both a 5-cm (2-inch) depth as described in Regulatory Guide 4.14 and 15-cm (6-inch) for background

decommissioning data. Please provide data that is consistent with Regulatory Guide 4.14 and NUREG-

1569 or justification for an alternate methodology.

Response TR RAI-2.9-34 (TR Section 2.9.3.1.1)
Section 2.9.3.1.1 describes our general soil sampling strategy at the Dewey Burdock site. Section

2.9.3.1.1 does not clearly identify that soil samples from a 0-5 cm depth were also collected at the AMS

(Air Monitoring Station) locations. These samples were analyzed for natural uranium, thorium-230,

radium-226, and lead-210. These parameters and locations are consistent with the guidance contained

in RG 4.14. The data from these soil samples are provided in Table 2.9-5 of the TR.

Powertech (USA) chose to collect more samples from 0-15 cm because this is the depth at which the

background radium-226 soil concentration in the cleanup standards contained in 10 CFR 40, Appendix A

are defined. There are no comparable soil cleanup standards for a soil depth of 0 to 5 cm. Therefore,

Powertech (USA) chose to focus the soil sampling effort on a soil depth that is applicable to a standard.

We recognize that the 0 to 5 cm soil depth is more sensitive to potential particulate depositional events

resulting from facility operations. Considering this, the 0 to 5 cm soil samples were co-located with the

air monitoring station locations, which were placed in areas most sensitive to airborne emissions from

the facility. This is consistent with RG 4.14 recommendations. In addition, these locations will be

included in the operational soil monitoring program.

The total number of surface soil sample locations (87: 80 to 15 cm and 7 to 5 cm) at Dewey-Burdock is

consistent with that suggested by NUREG-1569 and RG 4.14.
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TR RAI-2.9-35
Regarding the Ra-226 soil sampling results, please provide the following information:

TR RAI-2.9-35(o)
a. Documentation for all statistical analyses (histograms, data transformations, calculated p-

values, etc.) performed on the Ra-226 soil sampling results, including outputs from statistical

software packages, or indicate where these can be found in the application.

Response TR RAI-2.9-35(a) (TR Section 2.9.3.2)
The Ra-226 soil sampling results were analyzed with the statistical software package Minitab, version

15.1.1.0.

First Set of 80 Locations

The Ra-226 soil sampling results from the first set of 80 locations were tested for a normal distribution.

TR_RAI- Figure 2.9-35(1) displays the results of the test as well as a histogram of the data and its

statistical summary.

TR_RAI- Figure 2.9-35(1): Summary of statistics and normality test of Ra-226 soil sampling
results in the first set of 80 locations (in cpm).

I-

Summary of Ra-226 in Surface Soil (pCi/g)
Anderson-Dadling Normality Test

A-Squared 22.02
P-Value < 0.005

Mean 2.8850
StDev 6.4600

Varance 41.7322
Skewness 4.7840
Kuttosis 22.8008
N 80

Minimum 0.5000
1st Quartile 1.1000
Median 1.3000
3rd Quartile 1.7000
Maximum 40.0000

95% Confidence Interval for Mean

* * * * 1.4474 4.3226

9S% Confidence Interval for Median

1.2000 1.4000
95% Confidence Interval for StDev

95% Confidence Intervals 55909 7.6517

ill1'I 4 I

The normality test rejected the null hypothesis of a normal distribution. The data was then tested for a

lognormal distribution. TRRAI- Figure 2.9-35(2) shows the results of the test along with its respective

probability plot.

Question and Answer Response to the U.S. NRC's Request for Additional Information
Dewey-Burdock Uranium Project-Source Material License Application
Tprhnir;l RPnnrt SbIhmittdrl Agijct 11 2009P

Paae261



POWERTECh (USA) INC.

TR_RAI- Figure 2.9-35(2): Results of the test for lognormal distribution Ra-226 soil sampling results in
h the first set of 80 locations and its probability plot.
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The test rejected the null hypothesis of a lognormal distribution.

Surface Mine Area
The Ra-226 soil sampling results from the Surface Mine Area were tested for normal and lognormal

distributions. TR_RAI- Figure 2.9-35(3) displays the results of the normality test as well as a histogram

of the data and its statistical summary.
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POWERTECh (USA) INC.

TR_RAI- Figure 2.9-35(3): Summary of statistics and normality test of the Ra-226 soil sampling results

I1 from the Surface Mine Area.

Summary of Ra-226 in Surface Soil (pCi/g)
Surface Mine Area

Anderson-Darling Normality Test

A-Squared 5.56
P-Value < 0.005

Mean 5,9000
StDev 11.0568
Variance 122.2533
Skewness 2.42280
Kurtosis 4,71613
N 25

Minimum 0.5000
1st Quartile 0.9500

Median 1.4000
• 3rd Quartile 2.9500

Maximum 40.0000I* * * I %%Confidence Interval for Mean
1.3360 10.4640

95% Confidence Interval for Median

1,0000 2.1811
95% Confidence Intervals 95% Confidence Interval for StDev

8] .633 5 .5317

The normality test rejected the null hypothesis of a normal distribution. The data was then tested for a

lognormal distribution. TR_RAI- Figure 2.9-35(4) shows the results of the test for a lognormal

distribution along with its probability plot.

TR_RAI- Figure 2.9-35(4): Results of the test for lognormal distribution of the Ra-226 soil sampling

results from the Surface Mine Area and its probability plot.
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The test rejected the null hypothesis of a lognormal distribution.

The box plot in Figure 3 shows five potential outliers (defined with *). The box plot marks any data

beyond the range (Q1 - 1.5*IQR, Q3 + 1.5*IQR) as potential outliers. The five potential outlier sample

locations were biased, based on an evaluation of the gamma survey results, and intended to capture the

upper limit of radium-226 soil concentrations.

The test for a normal distribution was repeated with the outliers removed from the data. TRRAI- Figure

2.9-35(5) displays the results of the test as well as a histogram of the data and its statistical summary.

TR_RAI- Figure 2.9-35(5): Summary of statistics and normality test of the Ra-226 soil sampling results
from the Surface Mine Area, with the five outliers removed.

Summary for Ra-226 In Surface Soil
Surface Mine Area

Anderson-Dading Normality Test
A-Squared 1.27
P-Value < 0,005

Mean 1,3550
StDev 0,6747

Skewness 1.56321
Kurtosis 2.23798
N 20

Minimum 0.5000
1st Quartile 0,9000
Median 1,2000

, 3rd Quartile 1.4750
Maximum 3,2000

. . 95% Confidence Interval for Mean
1.0392 1.6708

95% Confidence Interval for Median
0.9235 1,4000

95% Confidence Intervals 95% Confidence Interval for StDev

I a 0.5131 0.9855

I A

The test rejected the null hypothesis of a normal distribution. The data was then tested for a lognormal

distribution. TRRAI- Figure 2.9-35(6) shows the results of the test for a lognormal distribution along

with its probability plot.
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TR_RAI- Figure 2.9-35(6): Results of the test for lognormal distribution of the Ra-226 soil sampling

I results from the Surface Mine Area and its probability plot, with the five outliers removed.

Probability Plot of Ra-226 in Surface Soil
Lognormal - 95% CI

Surface Mine Area

Loc 0O2053
Scale 0.4427
N 20

0AD 0.43Z
P-Value 0.2740,7

0'l

Ra-226 (pCi/g)

The test failed to reject the null hypothesis of a lognormal distribution, indicating that the data is

adequately described by a lognormal distribution.

Main Permit Area

The Ra-226 soil sampling results from

distributions. TR_RAI- Figure 2.9-35(7)

of the data and its statistical summary.

the Main Permit Area were tested for normal and lognormal

displays the results of the normality test as well as a histogram
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TR_RAI- Figure 2.9-35(7): Summary of statistics and normality test of the Ra-226 soil sampling results

b from the Main Permit Area.

Summary of Ra-226 in Surface Soil (pCi/g)
Main Permit Area

Anderson-Darling Normality Test

A-Squared 4.77
P-Value < 0.005

Mean 1.5145
StDev 0.7723
Varance 0.5965
Skewness 3.3202
Kurtosis 14.5309
N 55

Minimum 0.9000
1st Quartile 1.1000

"-__Median 1.3000
- 3rd Quartile 1.7000

Maximum 5.6000
J 95% Confidence Interval for Mean

1.3058 1.7233

95% Confidence Interval for Median
1.1786 1.Q214

95% Confidence Intervals 95% Confidence Interval for StDev

S1 0.6502 0,9514

a

The normality test rejected the null hypothesis of a normal distribution. The data was then tested for a

lognormal distribution. TR_RAI- Figure 2.9-35(8) shows the results of the test for a lognormal

distribution along with its probability plot.
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TR_RAI- Figure 2.9-35(8): Results of the test for lognormal distribution of the Ra-226 soil sampling
results from the Main Permit Area and its probability plot.
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The test rejected the null hypothesis of a lognormal distribution.

The box plot in Figure 7 shows three potential outliers (defined with *). The box plot marks any data

beyond the range (Q1 - 1.5*IQR, Q3 + 1.5*IQR) as potential outliers. No errors were found associated

with these potential outliers. The three potential outliers make up about five percent of the entire data

set, therefore it was determined that their relatively high values were due to random measurement

variability.

The test for a normal distribution was repeated with the outliers removed from the data. TRRAI- Figure

2.9-35(9) displays the results of the test as well as a histogram of the data and its statistical summary.
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TR_RAI- Figure 2.9-35(9): Summary of statistics and normality test of the Ra-226 soil sampling results

b from the Main Permit Area, with the three outliers removed.

Summary for Ra-226 in Surface Soil (pCi/g)
Main Permit Area

Anderson-Darling Normality Test

A-Squared 1.47
P-Value < 0.005

Mean 1,3750
StDev 0.4001
Variance 0.1600
Skewness 1.10449
Kurtosxi 0.98670
N 52

Minimum 0.8500
tst Quartile 1.1000
Median 1.3000
3Ad Quartile 1,6750
Maximum 2,6000

* I 95% Confidence Interval For Mean

1.2636 1.4064

95% Confidence Interval For Median

1,1252 1.4000
95% Confidence Intervals 95% Confidence Interval for StDev

1 0 1 .1, 0,3353 0,4961] I

The test rejected the null hypothesis of a normal distribution. The data was then tested for a lognormal

distribution. TRRAI- Figure 2.9-35(10) shows the results of the test for a lognormal distribution along

with its probability plot.

TR_RAI- Figure 2.9-35(10): Results of the test for lognormal distribution of the Ra-226 soil sampling
results from the Surface Mine Area and its probability plot, with the three outliers removed.
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The test failed to reject the null hypothesis of a lognormal distribution, indicating that the data is

adequately described by a lognormal distribution.

North Section of Main Permit Area and Land Application Areas

The Ra-226 soil sampling results from the north section of the Main Permit Area and the land application

areas were not analyzed statistically.
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TR RAI-2.9-35(b)
Regarding the Ra-226 soil sampling results, please provide the following information:

b. Justification for utilizing the IQR as the sole means of proving outliers. See related RAI

regarding Direct Radiation given above for further explanation.

Response TR RAI-2.9-35(b)
Several tools were used, prior to the decision to use IQRs to evaluate outliers, including histograms,

distribution tests, and probability plots. The set of the data from the Main Permit Area was initially

found to be non-parametric. The IQR was used to help identify any potential outliers non-

parametrically. The potential outliers found with the IQR test were not due to analytical errors and

because of theirsmall proportion of the data set (5%); they were considered outliers due to random

measurement variability.
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TR RAI-2.9-35(c)
Regarding the Ra-226 soil sampling results, please provide the following information:

c. For outliers that were rejected from the final data set; please describe any investigations

performed by the applicant to determine the cause of the outlying observations. Specifically,

the applicant should demonstrate that the outlying data is either an extreme manifestation of

the random variability inherent in the data, or that it is the result of gross deviation from

prescribed experimental procedure or error in calculating or recording the numerical value

(ASTM 2002).

Response TR RAI-2.9-35(c)
The outliers in the data from the Surface Mine Area were biased samples, as described above.

Outliers in the data obtained in the Main Permit Area were due to random measurement variability,

because they constituted a small portion of the data set (5%) and no analytical errors were associated

with them.
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TR RAI-2.9-36
Regarding the soil sampling strategy described in section 2.9.3.1.1 of the TR, please provide input

parameters to, and results obtained from, Visual Sampling Plan.

Response TR RAI-2.9-36 (TR Section 2.9.3.1.1)
Visual Sampling Plan (VSP) was used to establish random sampling points. The input parameters were

the shape files of the proposed permit boundary, Surface Mine and Land Application Areas; and the

proposed number of samples for each area. The output of VSP was the coordinates for the samples.
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TR RAI-2.9-37
The following questions pertain to the analytical methods described in 2.9.3.1.1 of the TR:

TR RAI-2.9-37(a)
a. Consistent with Regulatory Guide 4.14, please provide the references for procedures used to

convert the soil samples to a water matrix in order for the Environmental Protection Agency
(EPA) drinking water testing methods to be used.

Response TR RAI-2.9-37(a) (TR Section 2.9.3.1.1)
EPA Method 3050B "Acid Digestion of Sediments, Sludges, and Soils" was used "convert" the soil into an

aqueous matrix (EPA, 1996). This procedure is provided in Appendix TR_ 2.9-37 and listed in the

references at the end of this section.
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TR RAI-2.9-37(b)
The following questions pertain to the analytical methods described in 2.9.3.1.1 of the TR:

b. NRC staff cannot verify that analytical method 909.OM is included in the EPA document
Prescribed Procedures for Measurement of Radioactivity in Drinking Water (EPA-600/4-80-

032), 1980. Consistent with Regulatory Guide 4.14, please indicate where this analytical
method can be found in the EPA document and a justification for its use.

Response TR RAI-2.9-37(b) (TR Section 2.9.3.1.1)
EPA Method 909 "Determination of Lead-210 in Drinking Water" has been provided in Appendix TR_

2.9-37 (EPA, 1982). As in EPA.Method 6020A, EPA Method 3050B was used to "convert" from soil to

aqueous matrix.
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TR RAI-2.9-37(c)
The following questions pertain to the analytical methods described in 2.9.3.1.1 of the TR:

c. The applicant indicates that Method 6020A of EPA Test Methods for Evaluating Solid Wastes,
Physical/Chemical Methods (SW-846) was used for analyzing natural uranium in soil samples.

Section 1.2 of Method 6020A of SW-846 does not specifically list uranium as an acceptable
analyte for inductively coupled plasma-mass spectrometry (ICP-MS). Consistent with
Regulatory Guide 4.14, please provide the demonstration of performance discussed in Section
1.3 of Method 6020A of SW-846 as it applies to uranium in the matrix evaluated.

Response TR RAI-2.9-37(c) (TR Section 2.9.3.1.1)
A laboratory performance evaluation for uranium in a soil matrix using EPA Method 6020A has been

provided in Appendix TR_ 2.9-37.
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TR RAI-2.9-37(d)

The following questions pertain to the analytical methods described in 2.9.3.1.1 of the TR:

d. Laboratory analytical reports for Ra-226 soil sample analyses are located in Appendix 2.9-A of

the TR. It is not clear what type of gamma analysis was performed on the soil samples to
determine the Ra-226 concentration. For example, the testing method for sample R07100004-
003 (SMA-B03) is annotated as "Gross Gamma" on the Analytical Summary Report, but the
results are listed as "Ra-226 Gamma" on the Laboratory Analytical Report. Consistent with
Regulatory Guide 4.14, please provide laboratory documentation that specifies the photopeak
energies used to determine the Ra-226 activity of the soil samples as reported in the
Laboratory Analytical Report.

Response TR RAI-2.9-37(d) (TR Appendix 2.9-A)
Type of gamma "analysis performed on the soil samples to determine the Ra-226 concentration was

closed can gamma analysis per a three inch can filled with - 150-200 grams of soil. The soil is dried,

ground, split, canned and taped (EPA Method 901.1).

The results are listed as radium 226 gamma which is ascertained by measuring the 609 kev peak of

bismuth 214. Far and away the best photo peak to use since its branching ratio (relative strength) is

higher than any other pertinent energies. The radium 226 photo peak cannot be used due to its overlap

with the uranium 235 photo peak. Lead 214 has two quantifiable energies at 295 and 352 kev that are

used by some, but bismuth 214 is cleaner with less background issues relating to Compton scatter.

Relevant laboratory documentation is provided in Appendix TR_ 2.9-37.
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TR RAI-2.9-38
The following questions pertain to deriving the gamma-ray count rate-soil Ra-226 correlation:

TR RAI-2.9-38(a)
a. Considering the variations in expected gamma dose rates during different times of the year,

please explain how combining gamma surveys performed at different times during the year
affect the statistics for deriving the gamma ray count rate-soil Ra-226 correlation and the
predicted Ra-226 concentrations over the permit area.

Response TR RAI-2.9-38(a) (TR Section 2.9.2.2.3)

It is well known that high soil moisture and snow cover are the two most influential factors that

contribute to reducing the exposure rate from radionuclides in the soil.

The use of a correlation to predict the Ra-226 in soil requires that all data, including the gamma survey

and correlation data, be collected under similar soil moisture conditions. All data were gathered in fair

weather during the late summers of 2007 and 2008 under similar soil moisture conditions.
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TR RAI-2.9-38(b)
The following questions pertain to deriving the gamma-ray count rate-soil Ra-226 correlation:

b. In Section 2.9.2.2.3, the applicant stated that the linear regression formula for the gamma-ray
count rate-soil Ra-226 correlation, after removing five outliers, is Radium-226 = 1.9*10-4 x
Gamma-Ray Count Rate - 1.04, where the radium-226 concentration is in pCi/g and the
gamma-ray count rate is in gross cpm. The applicant also stated in Section 5 of Appendix 2.9-A
of the TR that this model has an R2 (coefficient of determination) value of 0.43, denoting a
poor fit. NRC staff agrees with this assessment. In addition, work done by the authors
previously cited by the applicant (Ott and Longnecker 2001) indicate that, based on this model,
the gamma count rate is not a good indicator of Ra-226 concentration in soil. Please provide
justification for utilizing a regression model that exhibits such a "poor fit" to predict Ra-226
concentrations in the Permit area.

Response TR RAI-2.9-38(b)(TR Appendix 2.9-A)

The presentation was unfortunately misleading in that an R2 should not have been presented since the

data were not randomly selected over the concentration range, a basic requirement for the R2 value to

be meaningful. That being said, Figure 5-2 of Appendix 2.9-A of the TR clearly shows that within the

range of concentrations that include natural background, the data support the least-squares-fit line

although there is significant scatter. In determining the averoge Ra-226 concentration, we believe that

the Central Limit Theorem applies in that while each data point will have a significant error associated

with it, the mean concentration in an area, as determined by averaging many values, will have a much

greater accuracy.

The uranium industry decommissioning programs have relied on gamma-ray count rate/Ra-226

correlations for several decades to identify Ra-226 contaminated soils requiring removal. High density

gamma surveys are used along with the correlation to define contaminated areas exceeding cleanup

criteria. Again, it is the Central Limit Theorem that allows a correlation with high scatter to be used to

accurately characterize the average contamination in a land parcel. We therefore do not agree with the

cited author that concluded that the gamma count rate is not a good indicator of Ra-226 concentration

in soil.
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TR RAI-2.9-39
The following questions pertain to the gamma/Ra-226 correlation grids discussed in Section 2.9.2.1.3

of the TR:

a. Please provide input parameters and results obtained from Arc View GIS.

b. Please provide a description of the Arc View GIS interpolation scheme used, including the
parameters to control how the scheme is applied.

Response TR RAI-2.9-39(a) and Mb) (TR Section 2.9.2.1.3)

Please refer to our response to TR 2.9-32 (a) and (b) above. The gamma/Ra-226 correlation grids were

developed using the same methods therein.
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TR RAI-2.9-39(c)
The following questions pertain to the gamma/Ra-226 correlation grids discussed in Section 2.9.2.1.3

of the TR:

c. Please provide error estimates of the data presented in Figure 2.9-7, Predicted Site-Wide
Radium-226 Concentrations, Grid Block Averages, in the TR. In the response, include a
discussion of the various sources of error (e.g., seasonal variability in gamma dose rates, using
a regression model with an R2 (coefficient of determination) value of 0.43, etc.)

Response TR RAI-2.9-39(c) (TR Section 2.9.2.1.3)

Regarding error estimates for the data presented in Figure 2.9-7, please refer to our response to TR 2.9-

32 (c), and TR-2.9-38 b.
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TR RAI-2.9-40
In Section 2.9.3 of the TR, the applicant describes its soil sampling program. Figures 2.9-9 and 2.9-10 of
the TR provide sampling locations from the Main Permit Area and land application areas respectively.
Table 2.9-5 of the TR provides radionuclide concentrations for all soil samples. Comparing the
aforementioned lsoil sampling data with Supplemental Exhibit 3.1-2, Proposed Facilities and Well
Fields Land Application Option, NRC staff has the following questions to understand site-wide
radiological variations in areas expected to be impacted by operations and evaluating compliance
with 10 CFR 40, Appendix A, Criterion 7.

a. Please demonstrate that a sufficient number of samples have been obtained in the Dewey
area. It appears that very few radium samples have been obtained in the proposed area of the

satellite processing plant and well field that could be impacted by operations. It also appears
that no uranium or Th-230 samples were obtained in areas that could be impacted by
operations.

b. Please demonstrate that a sufficient number of samples have been obtained in the Burdock
area. While the applicant took more total samples in this area, it is not clear how many are in
the area expected to be impacted by the central processing plant and the well field. In
addition, it appears that very few uranium and Th-230 samples were obtained in these areas.

Response TR RAI-2.9-40(a) and (b)

RG 4.14 recommends collecting soil samples at 0 to 5 cm on 300-meter intervals in each of eight

compass directions from the center of the milling area. In the case of the Powertech (USA) permit area,

the recommendation results in 40 provisional sample locations. NUREG 1569 suggests soil samples be

collected from 0 to 15 cm, assuming the same spatial distribution recommended in RG 4.14 results in an

additional 40, totaling 80 sample locations. We have collected surface soil samples at 80 locations and

supplemented the effort with the GPS-based gamma survey and correlation between radium-226

concentrations and gamma count rates. In addition, 18 samples were collected to further describe

radionuclide concentrations in the Land Application Areas. We have met the intent, based on numbers

of soil sample locations, described in RG 4.14 and NUREG 1569.

NUREG/CR-5849, Manual for Conducting Radiological Surveys in Support of License Termination (NRC,

1992) describes a method to determine an adequate sample size (N), where t is the t-statistic, r is the

relative fractional error, and cv is the coefficient of variation.

N > _cV

A 95% confidence level with the degrees of freedom approaching infinity yields a t statistic of 1.645.

Figure TR_RAI-2.9-40(1) shows the plot of this equation for a relative fraction error of 10 and 20 percent

for various values of coefficients of variation.

The mean and standard deviation of the radium-226 concentrations in the 55 samples collected in the

Main Permit Area are 1.51 and 0.77 pCi/g, respectively. The coefficient of variation for the samples is
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0.77/1.51=0.5. Inspection of the plot in Figure 1 indicates that about 20 and 70 samples are sufficient

for collection for relative fraction errors of 10 and 20 percent, respectively. The collection of 55 samples

is acceptably within this range. Therefore, we have adequately described the radium-226 concentration

in the entire permit area.

The frequency at which the other radionuclides (thorium-230, lead-210, and natural uranium) were

analyzed is consistent with the recommendations of RG 4.14.

Eighteen surface soil samples were collected in the Dewey and Burdock Land Application Areas, as

shown in Figure 2.9-10 of the TR. All of these samples were analyzed for the radium-226, thorium-230,

lead-210, and natural uranium.

TRRAI- Figure 2.9-40(1): Plot of the equation used to determine an adequate sample size
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TR RAI-2.9-40(c)
In Section 2.9.3 of the TR, the applicant describes its soil sampling program. Figures 2.9-9 and 2.9-10 of
the TR provide sampling locations from the Main Permit Area and land application areas respectively.
Table 2.9-5 of the TR provides radionuclide concentrations for all soil samples. Comparing the

aforementioned soil sampling data with Supplemental Exhibit 3.1-2, Proposed Facilities and Well
Fields Land Application Option, NRC staff has the following questions to understand site-wide
radiological variations in areas expected to be impacted by operations and evaluating compliance
with 10 CFR 40, Appendix A, Criterion 7.

c. There appears to be no soil sampling data for the area between Dewey and Burdock. Please
demonstrate that sufficient information has been obtained on the background soil levels to

characterize expected transportation routes between these areas.

Response TR RAI-2.9-40(c)
Please refer to our response to TR-2.9-40 (a) and (b) above. The area between Dewey and Burdock,

including the county road, has been sufficiently characterized by way of GPS-based gamma surveys and

correlation between gamma count rates and radium-226 concentrations in soil.
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TR RAI-RC-2.9-41
NRC Staff notes that in section 2.9.4.3 (page 2-349) the applicant refers to PSCO2 as the downstream
location of Pass Creek. This is not consistent with Table 2.7-20 (pg2-185) that refers to PSCO2 as the

upstream location of Pass Creek. Please address this inconsistency.

Response TR RAI-2.9-41 (TR Section 2.9.4.3)
PSC02 is considered the upstream site on Pass Creek; site PSCO1 is downstream. Table 2.7-20 and Plate

2.5-1 are correct. The text in Sec 2.9.4.3 is corrected below:

"Radionuclide concentrations in sediment at downstream locations of Pass Creek (PSC01) and Cheyenne

River (CHR05) are elevated compared to upstream locations for the same surface water bodies

indicating potential impacts from mineralized areas on and adjacent to the site."
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TR RAI-2.9-42
The staff could not locate laboratory reports for sediment samples. Please provide these reports or
specify where these can be found in the application.

Response TR RAI-2.9-42
Laboratory reports are submitted within this package as TR_RAI 2.9-42 Laboratory Results (sediment) on

a separate divider tab.
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TR RAI-2.9-43

10 CFR 40, Appendix A, Criterion 7, requires a preoperational monitoring program to provide complete

baseline data on a milling site and its environs. RG 4.14 provides guidance on surface water sampling,

including impoundments and surface waters passing through the mill site. Regarding the applicant's

preoperational surface water monitoring program, please address the following issues.

For these issues, the applicant should analyze all surface water features in accordance with Regulatory

Guide 4.14 criteria, including offsite water features that could be impacted from operations, or

provide a justification for an alternate methodology that complies with 10 CFR 40, Appendix A,
Criterion 7.

TR RAI-2.9-43(a)

a. In Section 2.7.3.1 of the TR, the applicant identified 48 surface water impoundments. in

Section 2.7.3.1 of the TR the applicant stated that it chose surface water sampling locations

based on Regulatory Guide 4.14. However, the applicant only sampled a "representative"

number of impoundments resulting in including only 11 impoundments in its preoperational

surface water monitoring program as shown on Table 2.7-20 of the TR.

Response TR RAI-2.9-43(a) (TR Section 2.7.3.1)

a. See Response: to TR_RAI-2.7-18; this addresses the quantity of impoundments verified.

Due to the number of impoundments, their relatively small drainage basin, and the tendency of many to

be dry after substantial rainfall, sampling a representative subset of the water impoundments was

proposed. Impoundments were selected based on the presence of water, drainage area, and location.

Eleven surface water impoundments were selected to construct a representative sampling group for the

Dewey-Burdock Permit Area.
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TR RAI-2.9-43(b)
10 CFR 40, Appendix A, Criterion 7, requires a preoperational monitoring program to provide complete
baseline data on: a milling site and its environs. RG 4.14 provides guidance on surface water sampling,
including impoundments and surface waters passing through the mill site. Regarding the applicant's
preoperational surface water monitoring program, please address the following issues.

For these issues, the applicant should analyze all surface water features in accordance with Regulatory
Guide 4.14 criteria, including offsite water features that could be impacted from operations, or
provide a justification for an alternate methodology that complies with 10 CFR 40, Appendix A,
Criterion 7.

b. It appears that the applicant also used this "representative" approach with other surface
water features as well. For example, grid 14 on Plate 2.5-1 appears to have three separate
drainages exiting the Permit Area, yet they were not sampled.

Response TR RAI-2.9-43(b) (TR Section 2.7.3.1)

Referring to Plate 2.5-1 "Sampling Locations" within Sec.14, T7S, RIE there are three drainage features

passing through this section. However, all three contain impoundments, i.e. SUB10 located downstream

of the PAA and on the eastern most drainage feature within Section 23; SUB08 and SUB09 located

within the PAA on Section 14. All three Sub impoundments were examined and the drainage features

associated with these impoundments were observed as dry during each quarterly sampling event. The

only drainages with reportable flow were Pass Creek, Beaver Creek and Cheyenne River during the

baseline data collection period.

As many of the drainages and impoundments were dry during the baseline data collection period,

Powertech (USA) commits to sampling such surface water features following a measureable

precipitation event and prior to operations.
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TR RAI-2.9-44
The NRC staff could not locate BVC04, CHRO5, and BENO0 on Plate 2.5-1 of the TR as stated by the

applicant, but they are listed in Table 2.7-20. Please provide the locations of the above monitoring
stations on Plate,2.5-1 of the TR or correct the text to incorporate the correct reference.

Response TR RAI-2.9-44 (TR Figure 2.9-11)
Locations for surface water sampling stations BVC04, CHR05 and BENO0 are located in the TR on Figure

2.9-11.
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TR RAI-2.9-45
The staff could not locate PSC01 on Plate 2.5-1 of the TR. However there is a PS-1 sampling location.
Please verify whether these two monitoring stations are the same or not.

Response TR RAI-2.9-45 (TR Section 2.7.3.1)

These sites are not the same sites. Site PSCO1 is a surface water quality sampling site for the Dewey-

Burdock baseline study and is located in Sec. 3, T7S, RlE. Site PS-1 is a site that was used in the

Cheyenne River TMDL project and is located in Sec. 9, T7S, RIE. This site and other similar sites do not

pertain to this project and should not have been included on the sampling map. Plate 2.5-1 was

submitted to the NRC as "Plate 2.5-1 Revised" in TR RAI Response Dec 2010.
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TR RAI-2.9-46
Regulatory Guide 4.14 recommends sampling at the site boundary or at a location immediately
downstream of the area of potential influence. BVC01 (Beaver Creek downstream) and UNTO1
(Unnamed Tributary) do not appear to comport with this recommendation. Please demonstrate that

these sampling sites are consistent with Regulatory Guide 4.14.

Response TR RAI-2.9-46 (TR Section 2.7.3.1)
Several considerations went into developing the water quality sampling program for baseline

characterization; some factors that went into the decisions for example consisted of the following:

* Water bodies of concern

* Location accessibility

* Changes in water source (i.e., the convergence of two or more creeks, the effects of Sub

impoundments)

* Seasonal conditions of flow

The BVC01 site location, while it is not located at the site boundary as recommended in Regulatory

Guide 4.14, does best characterize the water quality directly below the site where the Pass

Creek/Beaver Creek confluence is located. Beaver Creek is perennial with ephemeral tributaries present

and therefore just below the confluence with Pass Creek served best for obtaining a representative

water quality sample that may be indicative of the highest concentrations of potential pollutants that

may be present in runoff from the site at any given time.

The UNTO1 location was chosen as the most suitable location due to drainage formation and

accessibility for purposes of installing a passive sampler. One flow event was captured on the night of a

flood event recorded on July 18, 2008.

Surface water sampling locations were selected based on site-specific considerations in coordination

with guidance from RG 4.14, therefore sampling efforts were conducted to obtain the most complete

and representative baseline data as described in 10 CFR 40 and consistent with RG 4.14.
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TR RAI-2.9-47'
The NRC staf dii not find data for Pb-210 and Po-210 (Appendix 2.7-F) for sampling locations PSCO1
and UNTO1. Please provide the data or a justification of why the current data set is consistent with
Regulatory Guide 4.14.

Response TR RAI-2.9-47 (TR Section 2.7.3.1)
Samples collected at both PSCO1 and PSCO2 on 7/19/2007 were not analyzed for Pb-210 or Po-210. At

the time, the list 'of constituents to be analyzed had not been finalized and did not include Pb-210 or Po-

210. By September 2007 the analysis list was finalized and future samples included these constituents.

Additionally, samples collected via passive samplers were also not analyzed for Pb-210, Po-210, and

other constituents for the fact that the holding time had been exceeded.
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TR RAI-2.9-48
The NRC staff noted missing monthly data for Ra-226, Th-230 and uranium for sampling location
BVCO1. Provide data for Ra-226, Th-230 and uranium for sampling location BVCO1 or a justification of

why the data set lis consistent with RG 4.14

Response TR RAI-2.9-48 (TR Section 2.7.3.1)
Ra-226 total and U total were measured, however, Th-230 had not been added to the list of analytes at

the time of the July 2007 sampling event. The August 2007 sample analysis included U suspended and U

total which U dissolve can be derived from. Ra-226 total was also measured for the August 2007 sample

and reported as non detectible at a RL of 0.2At that time, the list of constituents was in the process of

modification between the suggested list identified in RG 4.14 and the preoperational baseline

constituents identified in NUREG 1569 and for this reason did not include Th-230 as an analyte. Shortly

thereafter, the analysis list was finalized and future samples included these constituents. The sample

collected on November 19, 2007 is missing a value for Ra-226 (dissolved) in the TR appendix; this sample

had a non-detected value of Ra-226 (dissolved) or a value of <0.2 pCi/L.
I

Question and Answer Response to the U.S. NRC's Request for Additional Information

Dewey-Burdock Uranium Project-Source Material License Application
Pnn O2q

ec n ca evo U .. u5U5 . P--e 292



POWERTECh (USA) INC.
TR RAI-2.9-49
NRC staff could not locate quarterly or semiannual sample results for several of the impoundments.

Examples by impoundment locations are given below.

SUB01 - missing quarterly samples for Ra-226, Th-230 and uranium, missing semiannual samples for

Pb-210, Po-210.

SUB03 - missing quarterly samples for Ra-226, Th-230 and uranium.

SUB04 - missing quarterly samples for Ra-226, Th-230 and uranium.

SUB05 - missing all sampling data.

SUB06 - missing quarterly sample for Ra-226 (dissolved).

SUB08 - missing quarterly samples for Ra-226 (dissolved).

SUB09 - missing quarterly samples for Ra-226, Th-230 and uranium, missing semiannual data for Po-

21, Pb-210.

SUB1O - missing quarterly samples for Ra-226, Th-230 and uranium, missing semiannual data for Po-

21, Pb-210.

SUB1l - missing quarterly samples for Ra-226 (dissolved).

Please review all data submitted for impoundments and provide missing data or a

justification of why the current data set is consistent with Regulatory Guide 4.14.

Response TR RAI-2.9-49 (TR Section 2.7.3.1)
SUB01 - missing quarterly samples for Ra-226, Th-230, and uranium; also missing semiannual samples

for Pb-210 and Po-210

SUB01 was visited quarterly from June 2007 through June 2008. During this time, SUB01 was visited in

September 2007, November 2007, March 2008, and June 2008. The sub impoundment, or stock pond,

was dry in both September 2007 and November 2007; hence no sample was able to be collected at

those times and thus explaining the missing quarterly samples. For Po-210 and Pb-210, these two

constituents were only required to be sampled semiannually; during the sampling period, Po-210 and

Pb-210 were analyzed for in every quarter except the winter of 2008 (January through March 2008).

One of the two samples (June 2008) that were collected at SUB01 includes data for Po-210 and Pb-210.

The other sample collected in March 2008 was collected during that period in which Po-210 and Pb-210

were not analyzed.

SUB03 - missing quarterly samples for Ra-226, Th-230, and uranium.

SUB03 was visited quarterly from June 2007 through June 2008. During this time, SUB03 was visited in

September 2007, November 2007, February 2008, and June 2008. The sub impoundment, or stock

pond, was dry in both September 2007 and February 2008; hence no sample was able to be collected at

those times and thus explaining the missing quarterly samples.
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SUB04 - missing quarterly samples for Ra-226, Th-230, and uranium.

SUB04 was visited quarterly from June 2007 through June 2008. During this time, SUB04 was visited in

September 2007, November 2007, February 2008, and June 2008. The sub impoundment, or stock

pond, was dry in both September 2007 and February 2008; hence no sample was able to be collected at

those times and thus explaining the missing quarterly samples.

SUB05 - missing all sampling data.

SUB05 is a detention pond below the Darrow Pit mines and was visited quarterly from June 2007

through June 2008 and was determined to be dry on each of the quarterly sampling dates. Dates of

visits include 9/27/07, 11/27/07, 3/24/08, and 6/18/08 [Krantz and Lambert, 2008]. Note, a staff gage

was installed at this site on 10/27/07. On the date the gage was installed, quarterly samples were not

scheduled and the field technician did not have the necessary equipment to collect a sample from the

puddle. Upon the next visit to this site, the impoundment was again dry.

SUB06 - missing quarterly samples for Ra-226 (dissolved).

Ra-226 (dissolved) for the sample collected at SUB06 on 11/27/2007 has a value of 2.0 pCi/L. Total Ra-

226 was not calculated by the laboratory in September 2007 for an unknown reason.

SUB08 - missing quarterly samples for Ra-226 (dissolved).

Radium-226 (dissolved) data is not in the TR or geodatabase for 11/27/2007. Upon reviewing the lab

report, the missing radium-226 data for SUB08 on 11/27/2007 has a value of 0.5 pCi/L.

SUB09 - missing quarterly samples for Ra-226, Th-230, and uranium; also missing semiannual data for

Po-210 and Pb-210.

SUB09 was visited quarterly from June 2007 through June 2008. During this time, SUB09 was visited in

September 2007, November 2007, March 2008, and June 2008. The subimpoundment, or stock pond,

was dry in both September 2007 and November 2007; hence no sample was able to be collected at

those times and thus explaining the missing quarterly samples. For Po-210 and Pb-210, these two

constituents were only required to be sampled semiannually; during the sampling period, Po-210 and

Pb-210 were analyzed for in every quarter except the winter of 2008 (January through March 2008).

One of the two samples (June 2008) that were collected at SUB09 includes data for Po-210 and Pb-210.

The other sample collected in March 2008 was collected during that period in which Po-210 and Pb-210

were not analyzed.

SUBIO - missing quarterly samples for Ra-226, Th-230, and uranium; also missing semiannual data for

Po-210 and Pb-210

Like other subimpoundments, SUB10 was visited quarterly from June 2007 through June 2008. During

this time, SUB1O was visited in September 2007, November 2007, March 2008, and June 2008. The

subimpoundment, or stock pond, was dry in both September 2007 and November 2007; hence no
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sample was able to be collected at those times and thus explaining the missing quarterly samples. For

Po-210 and Pb-210, these two constituents were only required to be sampled semiannually; during the

sampling period, Po-210 and Pb-210 were analyzed for in every quarter except the winter of 2008

(January through March 2008). One of the two samples (June 2008) that were collected at SUB10

includes data for Po-210 and Pb-210. The other sample collected in March 2008 was collected during

that period in which Po-210 and Pb-210 were not analyzed.

SUBII - missing quarterly samples for Ra-226 (dissolved)

Radium-226 (dissolved) data is not in TR or geodatabase for 11/27/2007. Upon reviewing the lab report,

the missing radium-226 data for SUB1l on 11/27/2007 is a non-detect with the reporting limit of 0.2

pCi/L
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TR RAI-2.9-50

Consistent with Regulatory Guide 4.14, provide the value of the Lower Limit of Detection (LLD) along
with a description of the calculation of the LLD for surface water measurements.

Response TR RAI-2.9-50 (TR Section 2.7.3.1.1)
The LLD (lower limit of detection) or PQL (practical quantitation limit) as reported by Energy

Laboratories is available in the TR; Section 2.7.3.1.1 Table 2.7-24 "Number of Surface Water Samples

Collected, Analytical Method, and PQL by Constituent".

For the description of the calculation see Response: TRRAI-RI-4 "Description and Basis for Analytical

Results and Reporting for LLD and Error".
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